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Units  and  Dimensions 


REVIEW  OF  BASIC  CONCEPTS 

1.1  !  THE  SI  SYSTEM  OF  UNITS 


The  internationally  accepted  standard  units  of  the 
fundamental  physical  quantities  are  given  in  Table  1.1. 

Table  1.1  Fundamental  SI  Units 


Physical  Quantity 


Length 


Name  of  the  Unit  Symbol 


metre  m 


Table  1.2  Dimensional  Formulae  of  some  Physical  Quantities 


Physical  Quantity 

Dimensional  Formula 

Physical  Quantity 

Dimensional  Formula 

Area 

M°L2T° 

Heat  energy 

ML2T~2 

Volume 

m°l3t° 

Entropy 

ML^KE1 

Density 

ml~3t° 

Specific  heat 

m°l2t  ~2ke‘ 

Velocity 

M°LT_1 

Latent  heat 

m°l2t~2 

Acceleration 

M0ET2 

Molar  specific  heat 

ML^KE1  moE1 

Momentum 

MET1 

Thermal  conductivity 

MLT^KE1 

Angular  momentum 

mlV1 

Wien’s  constant 

M°LT°K 

Force 

MET2 

Stefan’s  constant 

ML°T~3K^ 

Energy,  work 

ML2T~2 

Boltzmann’s  constant 

ml2t~2k  1 

Power 

ml2t-3 

Molar  gas  constant 

ML2T-2K  1  moE1 

Torque,  couple 

mlV2 

Electric  charge 

TA 

Impulse 

MET-1 

Electric  current 

A 

Frequency 

m°lV 

Electric  potential 

ml2t~3  a-1 

Angular  frequency 

M°L°T-1 

Electric  field 

MET3  A-1 

Angular  acceleration 

M0L°T~2 

Capacitance 

M  ~‘L-2T4A2 

Pressure 

me-1t-2 

Inductance 

ml2t~2a~2 

Elastic  modulii 

ml^'t"2 

Resistance 

mlW2 

Stress 

ml-'t^2 

Magnetic  flux 

ml2t~2a  1 

( Contd '.) 
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Physical  Quantity 

Dimensional  Formula 

Physical  Quantity 

Dimensional  Formula 

Moment  of  inertia 

ML2T° 

Magnetic  flux  density  or 

ml0t_2a  1 

Magnetic  induction  field 

Surface  tension 

ML°T~2 

Permeability 

mlt-2a~2 

Viscosity 

ML-1!'-1 

Permittivity 

m~'l-3t4a2 

Gravitational  constant 

M-’L2!-2 

Planck’s  constant 

ML2!-1 

!  PRINCIPLE  OF  HOMOGENEITY  OF 

Dimensions  of  at  = 

dimensions  of  x 

12  !  DIMENSIONS 

or  [a]  = 

—  =  —  =[LT_1]  =  [M°LT_1] 

m  m 

Consider  a  simple  equation, 

•  •  9 

A  +  B  =  C. 

Dimensions  of  bt  = 

=  dimensions  of  x 

If  this  is  an  equation  of  physics,  i.e.  if  A,  B  and  C  are 
physical  quantities,  then  this  equation  says  that  one  physi¬ 
cal  quantity  A,  when  added  to  another  physical  quantity  B, 
gives  a  third  physical  quantity  C.  This  equation  will  have 
no  meaning  in  physics  if  the  nature  (i.e.  the  dimensions) 
of  the  quantities  on  the  left-hand  side  of  the  equation  is 
not  the  same  as  the  nature  of  the  quantity  on  the  right-hand 
side.  For  example,  if  A  is  a  length,  B  must  also  be  a  length 
and  the  result  of  addition  of  A  and  B  must  express  a  length. 
In  other  words,  the  dimensions  of  both  sides  of  a  physical 
equation  must  be  identical.  This  is  called  the  principle  of 
homogeneity  of  dimensions. 


or 


[LT2]  =  [M°  LT2] 


EXAMPLE  1.2 


The  pressure  P,  volume  V  and  temperature  T  of  a  gas 
are  related  as 

[r  +  -f)(r-b)=cT 

where  a,  b,  and  c  are  constants.  Find  the  dimensions 


1.3  j  USES  OF  DIMENSIONAL  ANALYSIS 

Dimensional  equations  provide  a  very  simple  method  of 
deriving  relations  between  physical  quantities  involved  in 
any  physical  phenomenon.  The  analysis  of  any  phenom¬ 
enon  carried  out  by  using  the  method  of  dimensions  is 
called  dimensional  analysis.  This  analysis  is  based  on  the 
principle  of  homogeneity  of  dimensions  explained  above. 

There  are  four  important  uses  of  dimensional 
equations: 

1.  Checking  the  correctness  of  an  equation. 

2.  Derivation  of  the  relationship  between  the  physical 
quantities  involved  in  any  phenomenon. 

3.  Finding  the  dimensions  of  constants  or  variables  in 
an  equation. 

4.  Conversion  of  units  from  one  system  to  another. 


EXAMPLE  1.1 


I  The  distance  x  travelled  by  a  body  varies  with  time  t  as 
x  =  at  +  bt 2,  where  a  and  b  are  constants. 
Find  the  dimensions  of  a  and  b. 


SOLUTION 


■  The  dimensions  of  each  term  on  the  right  hand  of  the 
given  equation  must  be  the  same  as  those  of  the  left 
hand  side.  Hence 


SOLUTION 


Dimensions  of 

V2 

Dimensions  of  a 
Also  dimensions  of  b 
a 

Dimensions  of  — 
b 


NOTE 


1.  Trigonometric  function  (sin,  cos,  tan,  cot  etc)  are  di¬ 
mensionless.  The  arguments  of  these  functions  are  also 
dimensionless 

2.  Exponential  functions  are  dimensionless.  Their  expo¬ 
nents  are  also  dimensionless 


EXAMPLE  1.3 


When  a  plane  wave  travels  in  a  medium,  the  displace¬ 
ment  y  of  a  particle  located  at  x  at  time  t  is  given  by 
y  =  a  sin  (bt  +  ex) 

where  a,  b  and  c  are  constants.  Find  the  dimensions 


=  dimensions  of  P. 

=  dimensions  of  PV2 
=  dimensions  of  V 
_  [PV2] 

"  1 

=  [PV]  =  [ML-1  T~2]  x  [L3] 
=  [ML2  T  -  2] 
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SOLUTION 


Terms  bt  and  cx  must  be  dimensionless.  Hence 

and 


=  [LT  -1]  =  M°  LT  -1] 

Note  that  the  dimensions  of  a  are  the  same  as  those 
of  v. 


EXAMPLE  1.4 


In  the  expression 
P  = 


P  is  pressure,  x  is  a  distance  and  a  and  b  are  constants. 
Find  the  dimensional  formula  for  b. 


SOLUTION 


a 

~b 


=  [P] 


Also  ax  is  dimensionless.  Hence  [a]  =  [L  ]. 


[b] 


Ip]  =  [L~2] 

[P]  [ML-1  T“2] 

[M-1  L_1  T2] 


The  principle  of  homogeneity  of  dimensions  can  also 
be  used  to  find  the  dependence  of  a  physical  quantity 
on  other  physical  quantities. 


this  equation  must  be  the  same.  Equating  the  powers 
of  M,  L  and  T,  we  have 

a  =  0,  b  +  c  =  0  and  -2c  =  1,  which  give  b  =  —  and 

1  2 

Hence2  t  =  k  m°  lm  ff  ^ 


Thus  t  is  independent  of  the  mass  of  the  bob 
and  is  directly  proportional  to  yfl  and  inversely 
proportional  to  yfg  . 

The  dimensional  method  can  also  be  used  to  convert  a 
physical  quantity  from  one  system  to  another.  The  method 
is  based  on  the  fact  that  the  magnitude  of  a  physical 
quantity  X  remains  the  same  in  every  system  of  its 
measurement,  i.e. 

X=  n,  =  n2  u2  (1) 

where  ui  and  u2  are  the  two  units  of  measurement  of 
quantity  X  and  nl  and  n2  are  their  respective  numerical 
values.  Suppose  Ml5  L,  and  Tj  are  the  fundamental  units 
of  mass,  length  and  time  in  one  system  of  measurement 
and  M2,  L2  and  T2  in  the  second  system  of  measurement. 
Let  a,  b  and  c  be  the  dimensions  of  mass,  length  and  time 
of  quantity  X,  the  units  of  measurement  ul  and  u2  will  be 

p  =  [Mr  i/;  Tr  ] 

and  u2=[Ma2Lb2T<] 

Using  these  in  Eq.  ( 1),  we  have 

li  tiC]  =n2[M"2Lb2V2'] 


EXAMPLE  1.5 


I  The  time  period  (t)  of  a  simple  pendulum  may  depend 
upon  m  the  mass  of  the  bob,  /  the  length  of  the  string 
and  g  the  acceleration  due  to  gravity.  Find  the  depen¬ 
dence  of  1  on  m,  l  and  g. 


SOLUTION 


Let  t  °c  malbgc 

or  t  =  k  malbgc, 

where  A:  is  a  dimensionless  constant. 

Writing  the  dimensions  of  each  quantity,  we  have 
[T]  =  [Mf  [Lf  [LT~2]c 

or  [M°  L°  T]  =  [M°L4  +  cT_2c] 

According  to  the  principle  of  homogeneity  of  dimen¬ 
sions,  the  dimensions  of  all  the  terms  on  either  side  of 


Knowing  (Mj,  Lj,  T ,),  (M2,  L2,  T2),  ( a ,  b  and  c )  and  the 
value  of  nl  in  system  1 ,  we  can  calculate  the  value  of  n2  in 
system  2  from  Eq.  (2). 


EXAMPLE  1.6 


Dyne  is  the  unit  of  force  in  the  c.g.s.  system  and  new¬ 
ton  is  the  unit  of  force  in  the  SI  system.  Convert  1 
dyne  into  newton. 


SOLUTION 


The  dimensional  formula  of  force  is 
[F]  =  [M1  L1  T~2] 

Therefore,  a  =  1 ,  b  =  1  and  c  =  -2 
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System  1 
(Given  System) 

«!  =  1  dyne 
M]  =  lg 
Lj  =  1  cm 
Tj  =  1  s 

n2  =  n 

=  1 


System  2 

(Required  System) 

n2  =  ?  (number  of  newtons) 

M2  =  1  kg 


T,  =  1  s 


vTi  \ 


(mJ 

Il2J 

ItJ 

rig)' 

'\  cm' 

7  u0 

ylkgj 

V  1 m  y 

llsj 

-2 


=  1 


lg 

103g 


x 


1  cm 
102  cm 


x  1 


=  1x10 


i-5 


Hence  there  are  1  x  10  5  newtons  in  1  dyne,  i.e.  1 
dyne  =  10~5  N. 


EXAMPLE  1.7 


Convert  72  kmh  1  into  ms  1  by  using  the  method  of 
dimensions. 


SOLUTION 


Given  System 
nl  =  12  units 
L;  =  1  km 
T,  =  1  h 


Required  System 
n2  =  ? 

L2  =  1  m 
T,=  ls 


f  Mj  > 

1 

fL0 

n2  =  nx\ 

lM2) 

m  7 

-1 


„  ,1000  mh  f  60  x  60  s 

=  72  x  | -  x 

1  s 


1  m 
72x1000 


60x60 

Hence  72  km  IT1  =  20  ms1 


=  20 


NOTE 


Sometimes  it  is  more  convenient  to  use  units  rather  than 
dimension.  For  example 


72  km  h  1  = 


72  km  72  x  1000  m 


lh 


60  x  60  s 


=  20  ms 


EXAMPLE  1.8 


Ilf  the  units  of  force,  energy  and  velocity  are  10  N, 
100  J  and  5  ms-1,  find  the  units  of  length,  mass  and 
time. 


SOLUTION 


[MET2]  =  10  N 

(1) 

[ML2  T~2]  =  100  J 

(2) 

[LU1]  =  5  ms-1 

(3) 

Dividing  Eq.  (2)  by  Eq.  (1),  we  get 
;  100  J  _  100  Nm 

10N  10N 


10  m 


Using  L  =  10  m  in  Eq.  (3),  we  get  T  =  2  s.  Using 
T  =  2  s  and  L  =  10  m  in  either  Eq.  (1)  or  Eq.  (2),  we 
get  M  =  4  kg. 


1.4  |  LIMITATIONS  OF  DIMENSIONAL  ANALYSIS 

Though  the  dimensional  method  is  a  simple  and  a  very 
convenient  way  of  finding  the  dependence  of  a  physical 
quantity  on  other  quantities  of  a  given  system,  it  has  its 
own  limitations,  some  of  which  are  listed  as  follows: 

1.  In  more  complicated  situations,  it  is  often  not  easy 
to  find  out  the  factors  on  which  a  physical  quantity 
will  depend.  In  such  cases,  one  has  to  make  a  guess 
which  may  or  may  not  work. 

2.  This  method  gives  no  infonnation  about  the  dimen¬ 
sionless  constant  which  has  to  be  determined  either 
by  experiment  or  by  a  complete  mathematical  deri¬ 
vation. 

3.  This  method  is  used  only  if  a  physical  quantity  var¬ 
ies  as  the  product  of  other  physical  quantities.  It 
fails  if  a  physical  quantity  depends  on  the  sum  or 
difference  of  two  quantities.  Try,  for  instance,  to 

1  2  . 

obtain  the  relation  S=  ut+  —  at~  using  the  method 
of  dimensions. 

4.  This  method  will  not  work  if  a  quantity  depends 
on  another  quantity  as  sin  or  cos  of  an  angle,  i.e.  if 
the  dependence  is  by  a  trigonometric  function.  The 
method  works  only  if  the  dependence  is  by  power 
functions  only. 

5.  This  method  does  not  give  a  complete  infonnation 
in  cases  where  a  physical  quantity  depends  on  more 
than  three  quantities,  because  by  equating  the  pow¬ 
ers  of  M,  L  and  T,  we  can  obtain  only  three  equa¬ 
tions  for  the  exponents. 

1.5  ;  SIGNIFICANT  FIGURES _ 

The  number  significant  figure  in  any  measurement 
indicates  the  degree  of  precision  of  that  measurement. 
The  degree  of  precision  is  determined  by  the  least  count 
of  the  measuring  instrument.  Suppose  a  length  measured 
by  a  metre  scale  (of  least  count  =  0.1  cm)  is  1.5  cm,  then 
it  has  two  significant  figures,  namely  1  and  5.  Measured 
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with  a  vernier  callipers  (of  least  count  =  0.01  cm)  the 
same  length  is  1.53  cm  and  it  then  has  three  significant 
figures.  Measured  with  a  screw  gauge  (of  least  count  = 
0.001  cm)  the  same  length  may  be  1.536  cm  which  has 
four  significant  figures. 

It  must  be  clearly  understood  that  we  cannot  increase 
the  accuracy  of  a  measurement  of  changing  the  unit.  For 
example,  suppose  a  measurement  of  mass  yields  a  value 
39.4  kg.  It  is  understood  that  the  measuring  instrument  has 
a  least  count  of  0.1  kg.  In  this  measurement,  three  figures 
3,  9  and  4  are  significant.  If  we  change  39.4  kg  to  39400 
g  or  39400000  mg,  we  cannot  change  the  accuracy  of 
measurement.  Hence  39400  g  or  39400000  mg  still  have 
three  significant  figures;  the  zeros  only  serve  to  indicate 
only  the  magnitude  of  measurement. 

Estimation  of  Appropriate  Significant  Figures  in 
Calculations 

The  importance  of  significant  figures  lies  in  calculation  to 
find  the  result  of  addition  or  multiplication  of  measured 
quantities  having  a  different  number  of  significant  figures. 
The  least  accurate  quantity  determines  the  accuracy  of 
the  sum  or  product.  The  result  must  be  rounded  off  to  the 
appropriate  digit. 

Rules  for  Rounding  off 

The  following  rules  are  used  for  dropping  figures  that  are 
not  significants 

1.  If  the  digit  to  be  dropped  is  less  than  5,  the  next 
(preceding)  digit  to  be  retained  is  left  unchanged. 
For  example,  if  a  number  5.34  is  to  be  rounded  off 
to  two  significant  figures,  the  digit  to  be  dropped  is 
4  which  is  less  than  5. 

2.  If  the  digit  to  be  dropped  is  more  than  5,  the  preced¬ 
ing  digit  to  be  retained  is  increased  by  1.  For  exam¬ 
ples  7.536  is  rounded  off  as  7.54  to  three  significant 
figures. 

3.  If  the  digit  to  be  dropped  happens  to  be  5,  then 

(a)  the  preceding  digit  to  be  retained  is  increased 
by  1  if  it  odd,  or 

(b)  the  preceding  digit  is  retained  unchanged  if  it 
is  even. 

4.  Hence  the  next  digit,  namely  3,  is  not  changed.  The 
result  of  the  indicated  rounding-off  is  therefore,  5.3. 

For  example,  6.75  is  rounded  off  to  6.8  to  two  significant 
figures  and  4.95  is  rounded  off  to  5.0  but  3.45  is  rounded 
off  to  3.4. 

Rule  for  Finding  Significant  Figures 

1.  For  addition  and  subtraction,  we  use  the  following 
rule. 

Find  the  sum  or  difference  of  the  given  measured 
quantities  and  then  round  off  the  final  result  such 
that  it  has  the  same  number  of  digits  after  the  deci¬ 
mal  place  as  in  the  least  accurate  quantity  (i.e.,  the 


quantity  which  has  the  least  number  of  significant 
figures) 


EXAMPLE  1.9 


Four  objects  have  masses  2.5  kg,  1.54  kg,  3.668  kg 
and  5.1278  kg.  Find  the  total  mass  up  to  appropriate 
significant  figures. 


SOLUTION 


M—  2.5  +  1.54  +  3.668  +  5.1278  =  12.8358  kg 
In  this  example,  the  least  accurate  quantity  is  2.5  kg. 
This  mass  is  accurate  only  up  to  the  first  decimal  place 
in  kg.  Hence  the  final  result  much  be  rounded  off  to 
the  first  decimal  place  in  kg.  The  correct  result  up  to 
appropriate  significant  figures  is  M=  12.8  kg. 

2.  We  use  the  following  rule  to  determine  the  number 
of  significant  figures  in  the  result  of  multiplication 
and  division  of  various  physical  quantities. 

Do  not  worry  about  the  number  of  digits  after  the 
decimal  place.  Round  off  the  result  so  that  it  has  the 
same  number  of  significant  figures  as  in  the  least 
accurate  quantity. 


EXAMPLE  1.10 


A  man  runs  1 00.2  m  in  10.3  s.  Find  his  average  speed 
up  to  appropriate  significant  figure. 


SOLUTION 


Average  speed  ( v )  =  ^0— m  =  9.728155  ms  1 
10.3s 

The  distance  100.2  m  has  four  significant  figures  but 
the  time  10.3  s  has  only  three.  Hence  the  value  of  the 
result  must  be  round  off  to  three  significant  figures. 
The  correct  result  is  v  =  9.73  ms~* 

;  LEAST  COUNTS  OF  SOME  MEASURING 
16  1  INSTRUMENTS _ 

1 .  Least  count  of  metre  scale  =  1  mm  =  0. 1  cm 

2.  Vernier  constant  (or  least  count)  of  vernier  callipers 
=  value  of  1  main  scale  division  -  value  of  1  vernier 

scale  division  =  1  M.S.D.  -  1  V.S.D 
Let  the  value  of  1  M.S.D  =  a  unit 
If  n  vernier  scale  divisions  coincide  with  m  main 
scale  divisions,  then  value  of 

1.  V.S.D  =  —  of  1  M.S.D 
n 

ma 

=  —  unit 
n 
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Least  count  =  a  —  —  =  1 - a  unit 

n  v  n ) 

3.  Least  count  of  a  micrometer  screw  is  found  by  the 
formula 
Least  count  = 

Pitch  of  screw 

T otal  number  of  divisions  on  circular  scale 

where  pitch  =  lateral  distance  moved  in  one  com¬ 
plete  rotation  of  the  screw. 


i  ORDER  OF  ACCURACY:  PROPORTIONATE 
17  |  ERROR _ 


The  order  of  accuracy  of  the  result  of  measurements  is 
determined  by  the  least  counts  of  the  measuring  instruments 
used  to  make  those  measurements.  Suppose  a  length  x  is 
measured  with  a  metre  scale,  then  the  error  in  x  is  ±  Ax, 
where  Ar  =  least  count  of  metre  scale  =  0. 1  cm.  If  the  same 
length  is  measured  with  vernier  callipers  of  least  count 
0.01  cm,  then  Ar  =  0.01  cm. 

Ax 

Fractional  or  proportionate  error  is  defined  as  —  . 

Ac  x 

Maximum  percentage  error  =  —  x  100. 

x 

1.  Error  in  sum:  Suppose  a  quantity  is  given  by 


a  =  x  +  y 

Then  Aa  =  Ax  +  Ay  is  the  maximum  error  and 
A  a  _  Ac  +  Ay 
a  (x  +  y) 

2.  Error  in  Difference:  If  a  =  x  —  y,  then  the  maxi¬ 
mum  error  is 

Aa  =  Ax  +  Ay 

We  take  the  worst  case  in  which  errors  add  up. 

Aa  _  Ax  +  Ay 
a  (x  -  y) 

3.  Error  in  product  and  division:  Suppose  we  de¬ 
termine  the  value  of  a  physical  quantity  u  by  mea¬ 
suring  three  quantities  x,  y  and  z  whose  true  values 
are  related  to  u  by  the  equation 

u  =  xayP  z~r 

Let  the  expected  small  errors  in  the  measurement  of 
quantities  x,  y  and  z  be  respectively  ±  Ax,  ±  Ay  and 
±  Az  so  that  the  error  in  u  by  using  these  observed 
quantities  is  ±  An.  The  numerical  values  of  Ax,  Ay 
and  Az  are  given  by  the  least  count  of  the  instru¬ 
ments  used  to  measure  them. 

Taking  logarithm  of  both  sides  we  have 
log  u  =  a  log  x  +  [3  log  y  -  /log  z 
Partial  differentiation  of  the  above  equation  gives 


Am  Ac  _  Ay  Az 
—  =  a —  +  ft— —  y  — 

u  x  y  z 

The  proportional  or  relative  error  in  u  is  Am/m.  The 
values  of  Ax,  Ay  and  Az  may  be  positive  or  negative 
and  in  some  uses  the  terms  on  the  right  hand  side 
may  counteract  each  other.  This  effect  cannot  be 
relied  upon  and  it  is  necessary  to  consider  the  worst 
case  which  is  the  case  when  all  errors  add  up  giving 
an  error  Am  given  by  the  equation: 

(Au  3  Ax  „Ay  Az 

—  =a—  +  p—  +  y  — 

V  u  7max  x  y  z 

Thus  to  find  the  maximum  proportional  error  in 
m,  multiply  the  proportional  errors  in  each  factor 
(x,  y  and  z)  by  the  numerical  value  of  the  power 
to  which  each  factor  is  raised  and  then  add  all  the 
terms  so  obtained. 

The  sum  thus  obtained  will  give  the  maximum 
proportional  error  in  the  result  of  u.  When  the  pro¬ 
portional  error  of  a  quantity  is  multiplied  by  100, 
we  get  the  percentage  error  of  that  quantity. 


EXAMPLE  1.11 


In  an  experiment  for  determining  density  (p)  of  a 
rectangular  metal  block,  a  student  makes  the  follow¬ 
ing  measurements. 

Mass  of  block  (m)  =  39.3  g 
Length  of  block  (x)  =  5.12  cm 
Breadth  of  block  (y)  =  2.56  cm 
Thickness  of  block  (z)  =  0.37  cm 


The  uncertainty  in  the  measurement  of  m  is  ±  0. 1  g 
and  in  the  measurement  of  x,  y  and  z  is  ±  0.01  cm. 
Find  the  value  of  p  (in  g  cm  -  3)  up  to  appropriate 
significant  figures,  stating  the  uncertainty  in  the  value 
of  p. 


SOLUTION 


39.3 


xyz  5.12x2.56x0.37 
=  8.1037  gcm^3 


Am 

Ar 

Ay 

Az 

-  +  - 

+  —  +  — 

m 

X 

y 

z 

0.1 

0.01 

0.01 

0.01 

— t — 

+ 

+ 

39.3 

5.12 

2.56 

0.37 

0.0353 


.-.  A p  =  0.0353  x  p  =  0.0353  x  8.1037  =  0.286  gem 


3 


Round  off  error  A p  to  the  first  significant  figure  as 
A p  =  0.3  gcm~3. 
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Hence  p  =  8.1037  gm  is  not  accurate  to  the  fourth 
decimal  place.  In  fact,  it  is  accurate  only  up  to  the 
first  deciamal  place.  Hence  the  value  of  p  much  be 
rounded  off  as  8.1  and  the  result  of  the  measurement 
is  written  as 

p  =  (8.1  ±  0.3)  g  cm-3 


EXAMPLE  1.12 


I  The  time  period  of  a  simple  pendulum  is  given  by 
T  =  2 n^L/g  .  The  measured  value  of  L  is  20.0  cm 
using  a  scale  of  least  count  1  mm  and  time  t  for  100 
oscillations  is  found  to  be  90  s  using  a  watch  of  least 
count  1  s.  Find  the  value  of  g  (in  m  s~2)  up  to  appro¬ 
priate  significant  figure,  stating  the  uncertainity  in 
the  value  of  g. 


SOLUTION 


If  t  is  the  time  for  n  oscillations,  then  T  =  —  .  Given 
i —  n 

T=  In  —  .  Squaring,  we  get 
V  g 


g 


An2 Ln~ 


(1) 


Putting  L  =  0.200  m,  n  =  100  and  t  =  90  s, 

=  4x(3.14)2  x0.2x(100)2 
g  (90)2 

=  9.74  m  s~2 

From  Eq.  ( 1),  the  relative  error  in  g  is 
Ag  _  AL  2 At 
g  L  t 

Note  that  there  is  no  error  in  counting  the  number  (n) 
of  oscillations.  Thus 

Ag  0.1cm  2xls 

=  - -i - 

g  20.0  cm  90s 

=  0.005  +  0.022  =  0.027 
Ag  =  0.027  x  9.74  =  0.26  m  s~2 

Rounding  off  Ag  to  the  first  significant  figure,  we  get 
Ag  =  0.3  m  s  2.  Hence  the  value  of  g  must  be  rounded 
off  as  g  =  9.7  m  s~2.  Hence 

g  =  (9.7  ±  0.3)  m  s~2 


of  quantities  A,  B,  C  and  D  are  1%,  2%,  3%  and  4% 
respectively.  Find  the  percentage  error  in  the  mea¬ 
surement  of  X. 


SOLUTION 


AX  AA  AB  1  AC  AD 

-  =  2 —  +  —  + - +  3 

X  A  B  3  C  D 

=  2  x  1%  +  2%  +  -  x  3%  +  3  x  4% 
3 


=  17% 


NOTE 


1 .  Errors  always  add;  they  never  cancel  other. 

2.  The  quantity  which  is  raised  to  the  highest  power  con¬ 
tributes  the  maximum  error  and  hence  it  must  be  meas¬ 
ured  to  a  high  degree  of  accuracy. 


Applications 


1. 


For  a  simple  pendulum  T=  2 n  — 

V  g 

_  AT  _  \_AJ_ 

T  2  ( 

For  a  sphere  of  radius  r, 


Surface  area  A  =  4 nr 


4  3 

Volume  V  =  —nr 
3 


A  A 
A 

AV  _ 
V 

GM 


2  A  r 
r 

3  A  r 


3.  Acceleration  due  to  gravity  g  =  , 

Rz 


Ag 


2AR  AM 
■  +  ■ 


g  R  M 

4.  For  resistances  connected  in  series 


Rs  -  l  R2 


A  Rs 
R* 


A  R j  +  A  R~) 


R\  +  Ri 


5.  For  resistances  connected  in  parallel 


1 


1  1 

R i 


A  R, 


Ri 


A  R, 
R? 


A Rp 

K 

ARo 


ARj  A  R1 


Rt 


R; 


■  +  ■ 


Ri 


EXAMPLE  1.13 


In  the  measurement  of  a  physical  quantity  X  = 


—rjz — -  ,  the  percentage  errors  in  the  measurements 

Cy3  D3 


6.  Kinetic  energy  K  and  linear  momentum p  are  related 
as 


AK  _2Ap 
2  m  K  p 
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Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  The  pressure  P  is  related  to  distance  x,  Boltzmann 
constant  k  and  temperature  9  as 

r>  a  ax/kO 

P  =  —  e 
b 

The  dimensional  formula  of  b  is 

(a)  [M_1L_1T_1]  (b)  [MLT2] 

(c)  [M°L2T°]  (d)  [M°L°T°] 

2.  The  magnitude  of  induced  emf  e  in  a  conductor  of 
length  L  rotating  in  magnetic  field  B  is  given  by 

e  =  —  ( nBL 2) 
a 

The  dimensional  formula  of  a  is 

(a)  [M°L°T]  (b)  [ML2T~2] 

(c)  [M2LT_1]  (d)  m°L°T°] 

3.  Two  resistors  f?,  =  [3.0  ±  0.1]  £2  and  R2  =  (6.0  ± 
0.3)  Q  are  connected  in  parallel.  The  resistance  of 
the  combination  is 

(a)  (2.0  ±  0.4)  Q  (b)  (2.00  ±  0.08)  Q 

(c)  (2.0  ±  0.2)  Q  (d)  (2.00  ±  0.04)  Q 

4.  If  the  resistances  in  Q.  3  above  were  connected  in 
series,  the  maximum  percentage  error  in  the  resis¬ 
tance  of  the  combination  will  be 

(a)  1.1%  (b)  2.2% 

(c)  3.3%  (d)  4.4% 

5.  Which  of  the  following  pairs  of  physical  quantities 
do  not  have  the  same  dimensions? 

(a)  Pressure  and  Young’s  modulus 

(b)  Emf  and  electric  potential 

(c)  Heat  and  work 

(d)  Electric  dipole  moment  and  electric  flux. 

6.  Which  of  the  following  pairs  of  physical  quantities 
have  different  dimensions? 

(a)  Impulse  and  linear  momentum 

(b)  Planck’s  constant  and  angular  momentum 

(c)  Moment  of  inertia  and  moment  of  force 

(d)  Torque  and  energy 

7.  In  the  expression  A  =  A0  e~alkT,  k  is  Boltzmann 
constant  and  T  is  the  absolute  temperature.  The  di¬ 
mensions  of  a  are  the  same  as  those  of 

(a)  energy  (b)  time 

(c)  acceleration  (d)  velocity 

8.  A  cube  has  a  side  of  1 .2  cm.  The  volume  of  the  cube 
up  to  appropriate  significant  figures  is 

(a)  1.728  cm3  (b)  1.73  cm3 


(c)  1.7  cm3  (d)  17.3  cm3 

9.  The  quantities  L/R  and  RC  (where  L,  C  and  R 
stand  for  inductance,  capacitance  and  resistance 
respectively)  have  the  same  dimensions  as  those  of 
(a)  velocity  (b)  acceleration 

(c)  time  (d)  force 

10.  Which  one  of  the  following  has  the  dimensions  of 
ML_1T~2? 

(a)  torque  (b)  surface  tension 

(c)  viscosity  (d)  stress 

11.  The  dimensions  of  angular  momentum  are 

(a)  MLT-1  (b)  MLV1 

(c)  ML_1T  (d)  ML°T-2 

12.  According  to  the  quantum  theory,  the  energy  E  of  a 
photon  of  frequency  V  is  given  by 

E  =  hv 

where  h  is  Planck’s  constant.  What  is  the  dimen¬ 
sional  formula  for  hi 
(a)  ML2L2  (b)  M  L2  T1 

(c)  M  L2  T  (d)  M  L2  T2 

13.  The  dimensions  of  Planck’s  constant  are  the  same 
as  those  of 

(a)  energy 

(b)  power 

(c)  angular  frequency 

(d)  angular  momentum 

14.  The  volume  V  of  water  passing  any  point  of  a 
uniform  tube  during  t  seconds  is  related  to  the 
cross-sectional  area  A  of  the  tube  and  velocity  u  of 
water  by  the  relation 

Voc  Aaul3ty 

which  one  of  the  following  will  be  true? 

(a)  a  =  P  =  y  (b)  a  ^  P  =  y 

(c)  a  =  [5  A  y  (d)  a  #  /3  #  y 

15.  The  frequency  n  of  vibrations  of  uniform  string  of 
length  /  and  stretched  with  a  force  F  is  given  by 

n=  P_  [Z 
2/  V  m 

where  p  is  the  number  of  segments  of  the  vibrating 
string  and  m  is  a  constant  of  the  string.  What  are  the 
dimensions  of  ml 

(a)  M  L-1  T-1  (b)  M  L  3  T° 

(c)  M  L~2  T°  (d)  M  L-1  T° 
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16.  If  velocity  (V),  acceleration  (A)  and  force  (F)  are 
taken  as  fundamental  quantities  instead  of  mass 
(M),  length  (L)  and  time  (T),  the  dimensions  of 
Young’s  modulus  would  be 

(a)  FA2V~2  (b)  FA2r 3 

(c)  FA 2r*  (d)  FA2V~5 

17.  The  dimensions  of  pennittivity  (e0)  of  vacuum  are 

(a)  NT1  L  3  T4  A2  (b)  ML  3  T2  A2 

(c)  M_1  L3  T4  A2  (d)  ML3  T2  A2 

<  II T,  1998 

18.  What  are  the  dimensions  of  permeability  ( /i  0)  of 
vacuum? 

(a)  MLT  2  A2  (b)  MLT  2  A  2 

(c)  ML  1  T  2  A2  (d)  ML  1  T  2  A  2 

<  IIT,  1998 

19.  The  dimensions  of  1/  ^//z0  e0  are  the  same  as  those 
of 

(a)  velocity  (b)  acceleration 

(c)  force  (d)  energy 

20.  The  dimensions  of  specific  heat  are 

(a)  MLT  2  K  1  (b)  ML2  T  2  K  1 

(c)  M°L2T  2  K  1  (d)  M°LT  2  K  1 

21.  What  are  the  dimensions  of  latent  heat? 

(a)  ML2  T~2  (b)  ML  2  T  2 

(c)M°LT2  (d)  M°  L2T  2 

22.  What  are  the  dimensions  of  Boltzmann’s  con¬ 
stant? 

(a)  MLT  2  K  1  (b)  ML2T  2  K  1 

(c)  M°LT  2  K  1  (d)  M°L2T  2  K  1 

23.  The  dimensions  of  potential  difference  are 

(a)  ML2T  3A  1  (b)  MLT~2  A-1 

(c)  ML2T  2  A  (d)  MLT  2  A 

24.  What  are  the  dimensions  of  electrical  resistance? 

(a)  ML2T  2  A2  (b)  ML2  T  3  A  2 

(c)  ML2  T~3  A2  (d)  ML2  T  2  A  2 

25.  The  dimensions  of  electric  field  are 

(a)  MLT  3  A  1  (b)  MLT  2  A  1 

(c)  MLT-1  A-1  (d)  MLT0  A  1 

26.  The  dimensions  of  magnetic  induction  field  are 

(a)  ML0  T  1  A-1  "  (b)  M°L  T_1  A~! 

(c)  MLT-2  A-1  (d)  ML°T-2A-1 

27.  What  are  the  dimensions  of  magnetic  flux? 

(a)  ML2  T-2  A-1  (b)  ML2  T-2  AT2 

(c)  ML-2  T-2  A-1  (d)  ML-2  T-2  A-2 

28.  The  dimensions  of  self  inductance  are 

(a)  ML2  T-2  A-1  (b)  ML2  T-2  A-2 

(c)  ML-2  T-2  A-1  (d)  ML-2  T-2  A-2 


29.  The  dimensions  of  capacitance  are 

(a)  M-1  L-2  TA2  (b)  M  1  L-2  T2  A2 

(c)  M-1  L-2  T3  A2  (d)  M-1  L-2  T4  A2 

30.  If  velocity  (V),  force  (F)  and  energy  ( E)  are  taken 
as  fundamental  units,  then  dimensional  formula  for 
mass  will  be 

(a)  V~2F°E  (b)  V°FE2 

(c)  VF~2E°  (d)  r2F*E 


31. 


32. 


Frequency  (n)  of  a  tuning  fork  depends  upon  length 
(/)  of  its  prongs,  density  (p)  and  Young’s  modulus 
(T)  of  its  material.  Then  frequency  and  Young’s 
modulus  will  be  related  as 
(a)  n  °c  VF  (b)  n  °c  Y 

(c)  n  oc  — )=  (d)  n  ° c  — 

F  i  Y 

The  dimensions  of  —  £0  E  (e0  =  permittivity  of  free 


space  and  E  =  electric  field)  are 
(a)  MLT-1  (b)  ML2T-2 

(c)  ML_IT  -2  (d)  MLV1 

<  IIT,  2000 

33.  Of  the  following  quantities,  which  one  has  dimen¬ 
sions  different  from  the  remaining  three 


(a)  Energy  per  unit  volume 

(b)  Force  per  unit  area 

(c)  Product  of  voltage  and  charge  per  unit  volume 

(d)  Angular  momentum 

34.  If  the  time  period  t  of  a  drop  of  liquid  of  density  d, 
radius  r,  vibrating  under  surface  tension  s  is  given 
by  the  formula  t  =  \Jda  rh  sc  and  if  a  =  1 ,  c  =  -  1 , 
then  b  is 


(a)  1  (b)  2 

(c)  3  (d)  4 

35.  In  the  measurement  of  a  physical  quantity  X  = 

A2  B 

— 7  .  The  percentage  errors  introduced  in  the 
C1/3  D3 

measurements  of  the  quantities  A,  B,  C  and  D  are 
2%,  2%,  4%  and  5%  respectively.  Then  the  mini¬ 
mum  amount  of  percentage  of  error  in  the  mea¬ 
surement  of  X is  contributed  by: 

(a)  A  (b)  B 

(c)  C  (d)  D 

36.  Which  of  the  following  has  the  dimensions 
ML-1  T-1? 

(a)  Surface  tension  (b)  Coefficient  of  viscosity 
(c)  Bulk  modulus  (c)  Angular  momentum 

37.  Pressure  gradient  dp/dx  is  the  rate  of  change  of 
pressure  with  distance.  What  are  the  dimensions  of 

dp/dxl 
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(a)  MIT1  T  1 
(c)  ML  1  T  2 


(b)  ML-2  T  2 
(d)  ML~2  T  1 


38.  If  E,  M,  J  and  G  respectively  denote  energy,  mass, 
angular  momentum  and  gravitational  constant,  then 


EJ 

M5G2 


has  the  dimensions  of 


(a)  length  (b)  angle 

(c)  mass  (d)  time 

<  IIT,  1990 

39.  If  c,  £0,  h  and  c  respectively  represent  electronic 
charge,  permittivity  of  free  space,  Planck’s  con¬ 


stant  and  speed  of  light,  then  -  has  the  dimen- 

£0  he 

sions  ot 

(a)  current  (b)  pressure 

(c)  angular  momentum  (d)  angle 
40.  If  L,  R,  C  and  V respectively  represent  inductance, 
resistance,  capacitance  and  potential  difference, 
,  L 

then  the  dimensions  of -  are  the  same  as  those 


of 

(a)  current 
(c)  charge 


RCV 


(b) 


1 


current 


(d) 


1 


charge 

41.  If  E  and  B  respectively  represent  electric  field  and 

E 

magnetic  induction  field,  then  the  ratio  —  has  the 
dimensions  of 

(a)  displacement  (b)  velocity 

(c)  acceleration  (d)  angle 

42.  If  C  and  V respectively  represent  the  capacitance  of 
a  capacitor  and  the  potential  difference  between  its 
plates,  then  the  dimensions  of  CV2  are 

(a)  ML 2rT2  (b)  ML3,r2A^1 

(c)  ML^A-1  (d)  m°L°T° 

43.  If  h  and  e  respectively  represent  Planck’s  constant 

'h 


and  electronic  charge,  then  the  dimensions  of  — 

are  the  same  as  those  of 
(a)  magnetic  field  (b)  electric  field 

(c)  magnetic  flux  (d)  electric  flux 

44.  If  energy  E,  velocity  V  and  time  T  are  chosen  as 
the  fundamental  units,  the  dimensional  formula  for 
surface  tension  will  be 

(a)  E  V2T“2  (b)  E  V  'T  2 


(c)  EV4r2 


(d)  e2V_iT“2 


45.  A  gas  bubble  from  an  explosion  under  water 
oscillates  with  a  period  proportional  to  Pa  d*  Ec 
where  P  is  the  static  pressure,  d  is  the  density  of 


water  and  E  is  the  energy  of  explosion.  Then  a,  b 
and  c  respectively  are 


,  ,  5  11 

(3)  6’ 2’ 3 


1  5  1 

(b)  2’  6’ 3 


'l  l  5 

(C)  3’ 2’  6 


(d)  1,  1,  1 

<  IIT,  1981 

46.  In  a  system  of  units  in  which  the  unit  of  mass  is 
a  kg,  unit  of  length  is  b  metre  and  the  unit  of  time 
is  c  second,  the  magnitude  of  a  calorie  is 


(a) 


4.2c 
ab 2 


(b) 


4.2c 

ab2 


,  .  abc 

(c)  - 

4.2 


4.2 

(d)  * 


47.  The  error  in  the  measurement  of  the  radius  of  a 
sphere  is  1%.  The  error  in  the  measurement  of  the 
volume  is 

(a)  1%  (b)  3% 

(c)  5%  (d)  8% 

48.  If  the  error  in  the  measurement  of  the  volume  of  a 
sphere  is  6%,  then  the  error  in  the  measurement  of 
its  surface  area  will  be 

(a)  2%  (b)  3% 

(c)  4%  (d)  7.5% 

49.  The  moment  of  inertia  of  a  body  rotating  about  a 
given  axis  is  6.0  kg  m2  in  the  SI  system.  What  is 
the  value  of  the  moment  of  inertia  in  a  system  of 
units  in  which  the  unit  of  length  is  5  cm  and  the  unit 
of  mass  is  1 0  g? 


(a)  2.4  x  I0j 
(c)  6.0  x  IQ3 


(b)  2.4  x  io5 

(d)  6.0  x  io5 

AV 


50.  A  quantity  X  is  given  by  £{)L -  where  £0  is  the 

At 

permittivity  of  free  space,  L  is  a  length,  AV  is  a 
potential  difference  and  At  is  a  time  interval.  The 
dimensional  formula  for  X  is  the  same  as  that  of 
(a)  resistance  (b)  charge 

(c)  voltage  (d)  current 

<  IIT,  2001 

51.  The  coefficient  of  viscosity  (77)  of  a  liquid  by  the 
method  of  flow  through  a  capillary  tube  is  given  by 
the  formula 


n  = 


nir_P_ 
1  Q 


where  R  =  radius  of  the  capillary  tube, 

/  =  length  of  the  tube, 

P  =  pressure  difference  between  its  ends, 
and 
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Q  =  volume  of  liquid  flowing  per  second. 


Which  quantity  must  be  measured  most  accurately? 


(a)  R  (b)  / 

(c)  P  (d)  Q 

52.  The  mass  m  of  the  heaviest  stone  that  can  be 

moved  by  the  water  flowing  in  a  river  depends  on 
v,  the  speed  of  water,  density  (cl)  of  water  and  the 
acceleration  due  to  gravity  (g).  Then  m  is  propor¬ 
tional  to 

(a)  v2  (b)  vA 

(c)  v6  (d)  Vs 

53.  The  speed  (v)  of  ripples  depends  upon  their  wave¬ 
length  (X),  density  (p)  and  surface  tension  (a)  of 
water.  Then  v  is  proportional  to 


(a)  VX 


(C)  I 


(b)  X 


(d) 


1 

vx 


54.  The  period  of  revolution  (T)  of  a  planet  moving 
round  the  sun  in  a  circular  orbit  depends  upon  the 
radius  (r)  of  the  orbit,  mass  ( M)  of  the  sun  and  the 
gravitation  constant  ( G ).  Then  T  is  proportional  to 


(a) 

(c) 


..1/2 


,3/2 


(b) 

(d) 


r 

r2 


55.  If  the  velocity  of  light  (c),  gravitational  constant 
( G )  and  planck’s  constant  (h)  are  chosen  as  fun¬ 
damental  units,  the  dimensions  of  time  in  the  new 
system  will  be 

(a)  c~5/2G2h~m  (b)  c~3l2G~2h2 

(c)  c2CT2hm  (d)  c-5l2GV2hm 

56.  The  amplitude  of  a  damped  oscillator  of  mass  m 
varies  with  time  t  as 

A  =  A0e(-a,lm) 

The  dimensions  oft?  are 
(a)  ML°T~’  (b)  M°LT_1 

(c)  MLT  1  (d)  ML  'T 

57.  A  student  measures  the  value  of  g  with  the  help  of 
a  simple  pendulum  using  the  formula 


4  n2L 


The  errors  in  the  measurements  of  L  and  T  are  A L 
and  AT  respectively.  In  which  of  the  following  cas¬ 
es  is  the  error  in  the  value  of  g  the  minimum? 

(a)  A L  =  0.5  cm,  AT  =  0.5  s 

(b)  A L  =  0.2  cm,  AT  =  0.2  s 

(c)  AL  =  0.1  cm,  AT  =  1.0  s 

(d)  AL  =  0.1  cm,  AT  =  0.1  s 

58.  A  student  performs  an  experiment  to  determine 
the  Young’s  modulus  of  a  wire,  exactly  2  m 
long,  by  Searle’s  method.  In  a  particular  reading, 
the  student  measures  the  extension  in  the  length 


of  the  wire  to  be  0.8  mm  with  an  uncertainty  of 
±  0.05  mm  at  a  load  of  exactly  1.0  kg.  The  stu¬ 
dent  also  measures  the  diameter  of  the  wire  to  be 
0.4  mm  with  a  uncertainty  of  ±  0.01  mm.  Take  g 
=  9.8  m/s  (exact).  The  Young’s  modulus  obtained 
from  the  reading  is 

(a)  (2.0  ±  0.3)  x  1011  N/m2 

(b)  (2.0  ±  0.2)  x  1011  N/m2 

(c)  (2.0  ±  0.1)  x  1011  N/m2 

(d)  (2.0  ±  0.05)  x  1011  N/m2 

<  IIT,  2007 

59.  In  a  vernier  callipers,  one  main  scale  division  is 
x  cm  and  n  divisions  of  the  vernier  scale  coincide 
with  (n  -  1)  divisions  of  the  main  scale.  The  least 
count  (in  cm)  of  the  callipers  is 


n 


(d) 


X 

(n  - 1) 


|  IIT,  2007 

60.  Students  I,  II  and  III  perform  an  experiment  for 
measuring  the  acceleration  due  to  gravity  (g)  using  a 
simple  pendulum.  They  use  different  lengths  of  the 
pendulum  and/or  record  time  for  different  number  of 
oscillations.  The  observations  are  shown  in  the  table. 
Least  count  for  length  =  0.1  cm 
Least  count  for  time  =  0. 1  s 


Student 

Length  of  the 

pendulum 

(cm) 

Number  of 
oscillations 
(n) 

Total  time  for 
(n) 

oscillations  (s) 

Time 

period 

(s) 

I 

64.0 

8 

128.0 

16.0 

II 

64.0 

4 

64.0 

16.0 

III 

20.0 

4 

36.0 

9.0 

If  Eh  En  and  Em  are  the  percentage  errors  in  g.  i.e. 
fAg  ) 

—  x  100  for  student  I,  II  and  III,  respectively, 

V  g  J 


(a)  Ex  =  0  (b)  £|  is  minimum 

(c)  E{  =  Eu  (d)  En  is  minimum 

<  IIT,  2008 

61.  The  density  of  a  solid  ball  is  to  be  determined  in  an 
experiment.  The  diameter  of  the  ball  is  measured 
with  a  screw  gauge,  whose  pitch  is  0.5  mm  and 
there  are  50  divisions  on  the  circular  scale.  The 
reading  on  the  main  scale  is  20  divisions.  If  the 
measured  mass  of  the  ball  has  a  relative  error  of 
2%,  the  relative  percentage  error  in  the  density  is 
(a)  0.9%  "  (b)  2.4% 

(c)  3.1%  (d)  4.2% 

<  IIT,  2011 
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ANSWERS 


1.  (c) 

2.  (a) 

3.  (b) 

4.  (d) 

5.  (d) 

6.  (c) 

7.  (a) 

8.  (c) 

9.  (c) 

10.  (d) 

11.  (b) 

12.  (b) 

13.  (d) 

14.  (b) 

15.  (d) 

16.  (c) 

17.  (a) 

18.  (b) 

19.  (a) 

20.  (c) 

21.  (d) 

22.  (b) 

23.  (a) 

24.  (b) 

25.  (a) 

26.  (d) 

27.  (a) 

28.  (b) 

29.  (d) 

30.  (d) 

31.  (a) 

32.  (c) 

33.  (d) 

34.  (c) 

35.  (c) 

36.  (b) 

37.  (b) 

38.  (b) 

39.  (d) 

40.  (b) 

41.  (b) 

42.  (a) 

43.  (c) 

44.  (c) 

45.  (a) 

46.  (b) 

47.  (b) 

48.  (c) 

49.  (b) 

50.  (d) 

51.  (a) 

52.  (c) 

53.  (d) 

54.  (c) 

55.  (d) 

61.  (c) 

56.  (a) 

57.  (d) 

58.  (b) 

59.  (c) 

60.  (b) 

SOLUTIONS 

1.  The  exponent  is  dimensionless.  Hence 

M  = 


~k0~ 

J  KT1  x  K 

_  ^ 

m 

=  J  m  1 

=  [ML2T“2]  x  [IT1] 
=  MLT~2 


Also  [PI '  m 

=,  m-M. 

[F] 


ml't-2 

ML_1T”2 


=  [M°L2T°] 


2.  a  = 


So  the  correct  choice  is  (c). 

nBL2  _  [M°L°T0]  x  [ML0T“2A_1]  x  [L2] 


[ML2  T“3  A-1] 


=  [M°L°T1] 


„  1  _  1  1 

3.  —  — - 1 - 

R  Ri  Ro 


R  = 


R\  ^2 

R\  +R2 


3.0  x  6.0 


9.0 


=  2.0  C2 


SR  _  8Rt  8R2 


R1 


Rf 

0.1 


r; 


■  +  ■ 


0.3 


=  0.019 


(3)  (6Y 

.-.  SR  =  0.019  xR2  =  0.019  x  (2)2  =  0.076  =  0.08  £2 

Hence  the  correct  choice  is  (b). 

4.  R  =  R{  +  R2  =  3.0  +  6.0  =  9.0  Q 

SR  =  8R ,  +  8R2  =  0. 1  +  0.3  =  0.4 

1  z  sr 

Maximum  percentage  error  =  x  1 00 

=  —  x  100 
9.0 


=  4.4% 


So  the  correct  choice  is  (d). 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 

14. 


The  correct  choice  is  (d). 

The  correct  choice  is  (c). 

Since  kT  has  dimensions  of  energy,  the  correct 
choice  is  (a). 

V  =  L?  =  1.2  cm  x  1 .2  cm  x  1 .2  cm 
=  1.728  cm3 

Since  there  are  two  significant  figures  in  L  =  1.2  cm, 
the  volume  is  accurate  only  up  to  two  significant 
figure. 

Hence  the  correct  choice  is  (c). 

L/R  is  the  time  constant  of  an  L-R  circuit  and  CR 
is  the  time  constant  of  a  C-R  circuit.  The  dimension 
of  the  time  constant  is  the  same  as  that  of  time. 
Hence  the  correct  choice  is  (c). 

ML  'T  2  are  the  dimensions  of  force  per  unit  area. 
Out  of  the  four  choices,  stress  is  the  only  quantity 
that  is  force  per  unit  area.  Hence  the  correct  choice 
is  (d). 

The  angular  momentum  L  of  a  particle  with  respect 
to  point  whose  position  vector  is  r  is  given  by 

L  =  r  X  p 

where  p  is  the  linear  momentum  of  the  moving 
particle. 

.•.  Dimensions  of  L  =  dimension  of  r  x  dimensions 
of  p 

=  L  x  MLT  1  =  ML2T_1 

Thus  the  correct  choice  is  (b). 

dimension  of  E  ML2T-2 

Dimensions  of  h  =  -  =  - — — 

dimension  of  v  T  1 

=  ML2  T~‘ 

Thus  the  correct  choice  is  (b). 

The  correct  choice  is  (d). 

The  dimensions  of  the  two  sides  of  proportionality 
are 

L3  =  l2“  (LT~‘)^T  r  =  L2a  +  ^T^ 

Equating  the  powers  of  dimensions  on  both  sides, 
we  have 

2a  +  p=  3 
y-/3=  0 
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which  give  {5  =  /and  a  =  ^  (3  -  fS),  i.e.  a  ■£  [5  =  y. 

Thus  the  correct  choice  is  (b). 

15.  Squaring  both  sides  of  the  given  relation,  we  get 

2  77  2  77 

2  1 0  F  p  F 

n  =  T-—  or  777  =  - — - 

4  /“  777  4  l2n 2 

dimensions  of  m 

dimensions  of  F 


2  9 

dimensions  of  /  x  dimensions  of  n 
( v  p  is  a  dimensionless  number) 

-  MLT~2  ,  -ML--T° 

L2  X  (T-') 

Hence  the  correct  choice  is  (d). 

_1  _2 

16.  Dimensions  of  Young’s  modulus  Y  are  ML  T  . 
The  dimension  of  V,  A  and  F  in  terms  of  M,  L  and 
T  are 

(V)  =  LT-1,  (A)  =  LT-2 


-2 


(F)  =  MLT 
(Y)  =  (VaAh  Fc) 


and 
Let 

Putting  dimensions  of  Y  V,  A  and  F.  We  have 
(ML~!  T~2)  =  (LT1)"  x  (LT-2) b 


x(MLT-2)c 

or  M1L-1T-2  =  McLfl  +  fe  +  cT-a-2*-2c 

Equating  powers  of  M,  L  and  T  we  have 

c  =  \,a  +  b  +  c=-\ 
and  -a-2b-2c  =  -2 
which  give  a  =  -  4,  b  =  2  and  c  =  1 . 

Thus  (T)  =  ( FA2V -4) 

Thus  the  correct  choice  is  (c). 

17.  According  to  Coulomb’s  law  of  electrostatics,  force 
F  between  two  charges  q  {  and  q2  a  distance  r  apart 
in  vacuum,  is  given  by 

1  qxq2 


F  = 


or 


£n  = 


4  7T  £0  r2 
1  qxq2 


4  kF 


Dimensions  of  £n  = 


Q 


MLT-2  X  L2 


=  m-‘l-3t2q2 

=  M-‘L-3T4A2  {•:  A  =  — 


The  correct  choice  is  (a). 

18.  The  force  per  unit  length  between  two  long  wires 
carrying  currents  Ix  and  I2  a  distance  r  apart  in  vac¬ 
uum,  is  given  by 

f.Ea.Vl  or 

4  k  r  IXI2 


.-.Dimensions  of  p0  = 


L  x  MLT-2  x  L_1 
A2 


=  MLT-2A-2 
Therefore,  the  correct  choice  is  (b). 
19.  Dimensions  of 

1  1 


o  co 


(MLT-2  A2  X  M  'L  3T4A  2)2 

1 


=  LT3 


(l  2T2)2 

which  are  the  dimensions  of  velocity.  Hence  the 
correct  choice  is  (a). 

20.  The  heat  energy  content  //  of  a  body  of  mass  m  at 
temperature  9  is  given  by  H=  ms 6 
where  s  is  the  specific  heat.  Therefore 
H 


s  =  — 
ni9 

Dimensions  of  s 

dimensions  of  heat  energy 
dimension  of  mass  x  dimension  of  temperature 

m}T~2  =m°l2t-2k-1 


MxK 

Thus  the  correct  choice  is  (c). 

21.  Latent  heat  L  is  the  amount  of  heat  energy  //  re¬ 
quired  to  change  the  state  of  a  unit  mass  without 
producing  any  change  in  temperature.  Thus 

H 


L  = 


Dimensions  of  L  = 


777 

ML2T“2 


M 


=  l-t-2  =  mul-t-2 

Thus  the  correct  choice  is  (d). 

22.  According  to  the  law  of  equipartition  of  energy, 
the  energy  per  degree  of  freedom  of  a  gas  atom  or 
molecule  at  a  temperature  0  kelvin  is  given  by 

1  2  E 
E  =  —  kO  or  k  =  - — 

2  9 

where  k  is  the  Boltzmann’s  constant. 


Dimensions  of  k  = 


dimensions  of  E 
dimension  of  6 
ML2T“2 


K 


=  ML2T-2K-' 


23.  The  potential  difference  V  between  two  points  is 
the  amount  of  work  done  in  moving  a  unit  charge 
from  one  point  to  the  other. 

work  done  W 


Thus, 


V= 


charge  moved 
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Dimensions  of  V  = 


ML2T“2 


Q 


=  ml2t~2ct1 


=  ML2T~3A~1  (v  Q=AT) 
Hence  the  correct  choice  is  (a). 

24.  From  Ohm’s  law,  resistance  R  is  given  by 

potential  difference 


R  = 


Dimensions  of  R  = 


current 
ML2T“3A_1 


A 


=  ML2T  3  A  2 

Thus  the  correct  choice  is  (b). 

25.  Force  F  experienced  by  a  charge  q  in  an  electric 
field  E  is  given  by 

F 

F  =  qE  or  E  = 


Dimensions  of  E  = 


dimensions  of  F  MLT 


-2 


AT 


dimensions  of  Q 
=  MLT  3 A 

26.  The  force  F,  experienced  by  a  charge  q  moving 
with  speed  v  perpendicular  to  the  direction  of  a 
uniform  magnetic  induction  field  B  is  given  by 

F 

F=  qvB  or  B  =  — 
qv 


Dimensions  of  B  = 


mlt 


QxLT 

=  ML°T  2A  1  (  v  Q  =  AT) 

Hence  the  correct  choice  is  (d) 

27.  The  magnetic  flux  0  linked  with  a  circuit  of  area  A 
in  a  magnetic  induction  field  B  is  given  by 

(f>  =  BA  cos  0 

where  6  is  the  angle  between  the  field  and  area 
vectors. 

Dimensions  of  (j)  =  dimensions  of  BA 

(v  cos  6Hs  dimensionless) 
=  ML0  T~2  A-1  x  L2 
=  ML2T  2  A  1 

Thus  the  correct  choice  is  (a). 

28.  The  self  inductance  L  of  a  coil  in  which  the  current 

dl  .  . 

varies  at  a  rate  —  is  given  by 

dt  dl 

e  =  —  L  — 
dt 

where  e  is  the  e.m.f.  induced  in  the  coil.  Now, 
the  dimensions  of  e.m.f.  are  the  same  as  those  of 
potential  difference,  namely,  ML2  T  A-1. 


Now, 


Dimensions  of  L 


L  dl 

dt 

dimensions  of  e 


dimensions  of  //dimensions  of  t 


ML2T~3A~1 

A/T 


=  ML2  T  2  A  2 


Thus  the  correct  choice  is  (b). 

29.  When  a  capacitor  of  capacitance  C  is  charged  to  a 
potential  difference  V,  the  charge  0  on  the  capaci¬ 
tor  plates  is  given  by 

Q  =  CV  or  C=  — 

V 

.  __  dimensions  of  0 

Dimensions  of  C  =  - 

dimensions  of  V 


=  at 

ML2T“3A_1 
e  M_1  L~2T4A2 
Hence  the  correct  choice  is  (d). 

30.  Let  ( M)  =  VaFhEc 

Putting  the  dimensions  of  V,  F  and  E,  we  have 
(M)  =  (LT  V  x  (MLT  V  x  (ML2T  2f 

Of  M  ^  =  M  b+c  ^-a-lb-lc 


Equating  the  powers  of  dimensions,  we  have 
b  +  c  =  1 


a  +  b  +  2c  =  0 
—  a  —  2b  —  2c  =  0 

which  give  a  =  —  2,  b  =  0  and  c  =  1.  Therefore 
(M)  =  ^r2  F°  E). 

Thus  the  correct  choice  is  (d). 

31.  Let  n~lapbr 

Putting  dimensions  of  all  the  quantities,  we  have 
(T_1)  °c  If  (ML~3)6  (ML-1  T_2)c 

Equating  powers  of  M,  L  and  T  on  both  sides,  we  get 
b  +  c  =  0,  a  -  3b  -  c  =  0  and  -  2c  =  -  1 

which  give  a  =  -  l,  b  =  -  ^  and  c  =  ^  .  Thus 

n  oc  /-1  p1/2  Ym 
Hence  the  correct  choice  is  (a). 

32.  We  know  that 


F=  <h  Vi 
(4^£0)r2 


and  E  = 


F 

q 


£o 


4  kF  r2 


Hence  -  E0  E2  =  Clx  qi  x 

2  8  nFr2  q2 

■  ?i  ^2  w  F 

o  2  X  2 

tsn  q  r 

1  2  F 

Dimensions  of  —  £n  E  =  dimensions  of  —  = 
0  u  2 
z  r 
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MLT 


-2 


=  ML^T-2 


Hence  the  correct  choice  is  (c). 

33.  Energy  per  unit  volume,  force  per  unit  area  and 
product  of  voltage  and  charge  density  all  have 

dimensions  of  ML2T~2,  but  the  dimensions  of 

2  —1 

angular  momentum  are  ML  T  .  Hence  the  correct 
choice  is  (d). 

rm  sc/2.  Substituting  dimensions,  we 


34.  Given  t  =  cf12  ~bl2  "dl 


have 


(T)  =  (ML~3)a/2  (L)m  (MT~2)c/2 

_  jy|-(<2  +  c)/2  #  j^(-3«/2  +  b/2)  rjT — c 


3  b 

Equating  powers  of  L,  we  have,  — a  +  —  =  0. 
Given  a  =  1 .  2  ... 

3  b 

—  =0  or  b  =  3,  which  is  choice(c). 


35.  Given  X  = 


A2  B 
C1/3  D2 


Taking  logarithm  of  both  sides,  we  have 
logX=  2  log  A  +  log  B  -  -  log  C  -  3  log  D 
Partially  differentiating,  we  have 


Ax  _  ^  AH 
x  A 


A  B 
B 


1  AC 
3  ~C 
A  A 


,  A  D 
'  D 


Percentage  error  in  A  =  2  — —  =  2  x  2% 

=  4% 

a# 

Percentage  error  in  B  =  =  2% 

Percentage  error  in  C  =  —  =  —  x  4% 

3  C  3 

=  -% 

3 

Percentage  error  in  D  =  3  =3x5% 

=  15% 

We  find  that  the  minimum  percentage  error  is 
contributed  by  C.  Hence  the  correct  choice  is  (c). 

36.  The  correct  choice  is  (b) 

37.  The  correct  choice  is  (b) 

38.  Dimensions  of  J  and  G  are  ML2T~*  and  M~*L3  T~2 
respectively. 

39.  Dimensions  of  £0  and  h  are  M~*L~3  T4  A2  and 
ML2T  1  respectively. 

40.  RC  has  the  dimensions  of  time  (T).  V  has  the 
dimensions  of  emf  which  has  the  dimensions  of 

dl 

dt 


41.  The  force  F  on  a  particle  of  charge  q  moving  with 
a  velocity  v  in  E  and  B  fields  is  given  by 

F  =  g(E  +  vxB) 

Hence  the  dimensions  of  E  are  the  same  as  those  of 
vB. 

42.  Energy  stored  in  a  capacitor  of  capacitance  C  hav¬ 
ing  a  potential  difference  V  between  its  plates  is 
given  by 

U=  -  CV 2 

2 

2 

Hence,  the  dimensions  of  CV  =  dimensions  of  en¬ 
ergy.  Hence  the  correct  choice  is  (a). 

43.  Dimensions  of  (-)  =  (ML  T  -  =  ML2  T~2 

\e)  AT 

Dimensions  of  B  =  MT~2  A~' 

Magnetic  flux  =  B  y.  area 

44.  Let  surface  tension  o=  Ea  V6  Tc.  Using  the  dimen¬ 
sions  of  a,  E,  V  and  T  and  equating  powers  of  M, 
L  and  T,  find  the  values  of  a,  b  and  c.  The  correct 
choice  is  (c). 

45.  The  correct  choice  is  (a). 

46.  Let  n1  be  the  magnitude  (i.e.  numerical  value)  of 
a  physical  quantity  when  the  fundamental  units 
are  (M1?  Lh  T , )  and  n2  the  magnitude  of  the  same 
physical  quantity  when  the  fundamental  units  are 
(M2,  L2,  T2),  then,  it  is  obvious  that 

(Mf  Lj  Tf )  =  n2  (M2  L2  T2 )  (i) 

where  x,  y  and  z  are  the  dimensions  of  the  physi¬ 
cal  quantity  in  mass,  length  and  time  respective¬ 
ly.  Now,  we  know  that  1  calorie  =  4.2  joule  =  4.2 
kg  m  s  .  Therefore,  in  the  first  system  of  units 
nx  =  4.2,  x  =  1,  y  =  2  and  z  =  -  2.  Hence,  in  the 
second  system  of  units  in  which  M2  =  a  kg, 
L2  =  im  and  T2  =  c  s,  we  have  from  (i) 


f  M,  YfL, 


vi",  =  n  i 


VM2  J 


\y 


vL2  y 


rikg^ 

X 

YmY  ' 

Uksy 

l  V  (\ 

=  4.2  I  -  1  N  ' 


VT2  ) 

Is 

cs 

-2 


=  42C 
ab2 

4  ,  , 

47.  V  =  —  TO'  .  Taking  logarithm  of  both  sides,  we 
have 


log  V  =  log  4  +  log  n  +  3  log  r  -  log  3 


1.16  Comprehensive  Physics — JEE  Advanced 


Differentiating,  we  get 
AV  A  r 

-  =3 —  =  3  x  1%  =  3% 

V  r 

AV  A  r  A  r  A  r 

48.  -  =3  —  or  6%  =  3  —  or  —  =  2%. 

V  r  r  r 

Now  surface  area  5  =  And  or  log  5  =  log  An  +  2  log  r 

—  =  2  —  =2x2%  =  4%. 
s  r 

49.  The  dimensions  of  moment  of  inertia  are  (ML2). 
We  have 


ni(u])  =  n2(u2) 
or  UjCMj  L2 )  =  rc2(M2L2) 


«,(M|L22)  1 

f  Mj 

( T  A 

n2~  ,  «! 

"  (M2L2)  1 

^m2J 

j 

Given  n]  =  6.0,  Mj  =  1  kg,  Lj  =  1  m,  M2  =  10  g  and 
L2  =  5  cm.  Therefore, 


n2  =  6.0  x 

=  6.0  x 


h  ( 

X 


1kg 
vlOgy 

1000  g 

V  10  g  j 


lm  V 


5  cm  J 

100  cm 
V  5  cm 


=  6.0  x  100  x  (20)2  =  2.4  x  105 

50.  The  capacitance  of  a  parallel  plate  capacitor  is  giv¬ 
en  by  C  =  £(/Ud.  Hence  the  dimensions  of  £()L  are 
the  same  as  those  of  capacitance. 

Dimension  of  £,d^— 

^  At 


dimension  of  C  X  dimensions  of  V 
time 

dimension  of  O 

=  - - - -  (v 

time 

Hence  the  correct  choice  is  (d). 


CV) 


51.  The  correct  choice  is  (a). 

The  maximum  permissible  error  in  77  is  given  by  the 
relation 


At] 

n 


4^ 

R 


A 1 

+  — 
/ 


Q 


It  is  clear  that  the  error  in  the  measurement  of  R  is 
magnified  four  times  on  account  of  the  occurrence 
of  R4  in  the  formula.  Hence  the  radius  (R)  of  the 
capillary  tube  must  be  measured  most  accurately. 
Thus  the  quantity  which  is  raised  to  the  highest 
power  needs  the  most  accurate  measurement. 

52.  Take  m  va  dh  gc  and  show  that  a  =  6. 

53.  Take  v  °=  Xa  pb  ac  and  show  that  a  =  -  —  . 

2 

54.  Take  T  °c  ra  M f*  Gc  and  show  that  a  = - . 

2 


55.  The  correct  choice  is  (d). 

56.  The  exponent  is  a  dimensionless  number.  Hence 
athn  is  dimensionless.  Therefore, 


.  .  dimension  of  m  M 

Dimension  ot  a  =  - =  — 

dimension  oft  T 

=  M  L°  T~‘ 


57.  The  proportionate  error  in  the  measurement  of  g 
is 


Ag  _  AL  +  AT 
g  ~  L  T 


Hence  Ag  will  be  minimum  if  AL  and  AT  are 
minimum.  Thus  the  correct  choice  is  (d). 


FL  _  A  MgL 
Al  nd2l 


(1) 


where 

M  =  1.0  kg  (exact),  g  =  9.8  ms~2  (exact) 

L  =  2  m  (exact),  /  =  0.8  mm  =  0.8  x  1 0~3  m 
Al  =  ±  0.05  mm,  d  =  0.4  mm  =  0.4  x  1 0~3  m 
Ad  =  ±  0.01  mm 

Substituting  the  values  of  M,  g,  L,  d  and  /  in  Eq.  (1) 
we  get 

Y=  2.0  x  1011  Nm'2 

From  Eq.  (1)  the  proportionate  uncertainty  in  Y  is 
given  by 


AY  AM  Ag  AL  2Ad  Al 

-  =  - +  —  +  —  + - +  — 

7  M  g  L  d  l 

Since  the  values  of  M,  g  and  L  are  exact,  A M=  0, 
Ag  =  0  and  AL  =  0.  Hence 

AT  2  Ad  Al  2  X  0.01mm  0.05  mm 

-  - - 1 - — - 1 - 

Y  d  I  0.4  mm  0.8  mm 


=  0.05  +  0.0625 
=  0.1125 

A7=  0.1125  x  7=  0.1125  x  2.0  x  1011 
=  0.225  x  1011  Nm  1 

Since  the  value  of  7  is  correct  only  up  to  the  first 
decimal  place,  the  value  of  A7  must  be  rounded 

off  to  the  first  decimal  place.  Thus  A7=  0.2  x  1011 

—2 

Nm  .  Therefore,  the  result  of  the  experiment  is 
7+  A7=  (2.0  ±  0.2)  x  1011  Nm"2 
Hence  the  correct  choice  is  (b). 

59.  Vernier  constant  =  value  of  1  M.S.D  -  value  of 
1  V.S.D. 

Now  n  V.S.D  =  (n—  1)  M.S.D  =  (n  -  1)  x  cm 
1  V.S.D  =  — -j  x  cm 

ln~l\  x 

V.C .  =  x  cm  -  -  x  cm  =  —  cm 

\  n  I  n 

Hence  the  correct  choice  is  (c). 
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gz 


4  n2l 


Therefore, 


As 

For  student  I,  El  =  -2-100 

g 

f  0.1  2x0.1', 

= - h -  x  100 

V64.0  128.0 

=  —  % 

16 

For  student  II,  Eu  =  |  —  +  "  X  ^  ^  |  X  100 


64  64.0 


=  —  % 
32 


For  student  III,  Em  = 


hi 

-!?% 

18 


f  0.1  2x0,1 

lm0+  36.0 


x  100 


Thus  the  percentage  error  is  minimum  for  student  I. 
61.  Least  count  of  screw  gauge 

pitch 

number  of  divisions  on  circular  scale 
0.5  mm 


50 


=  0.01  mm 


diameter  of  ball  =  2.5  mm  +  20  x  0.01  mm 

=  2.7  mm 

^  .  M 

Density  p  = 


4  n 


Maximum  relative  error  in  p  is 

^P 

P 


AM  3A r 
M  r 


=  2%  +  3  x  —  x  100 
2.7 

=  2%  +  1.1%  =  3.1% 


# 


1.  Which  of  the  following  are  not  a  unit  of  time? 

(a)  parsec  (b)  light  year 

(c)  micron  (d)  second 

2.  Choose  the  pair  of  physical  quantities  which  have 
identical  dimensions. 

(a)  Impulse  and  linear  momentum 

(b)  Planck’s  constant  and  angular  momentum 

(c)  Moment  of  inertia  and  moment  of  force 

(d)  Young’s  modulus  and  pressure 

3.  The  dimensions  of  energy  per  unit  volume  are  the 
same  as  those  of 

(a)  work  (b)  stress 

(c)  pressure  (d)  modulus  of  elasticity 

4.  When  a  wave  traverses  a  medium,  the  displacement 
of  a  particle  located  at  x  at  time  t  is  given  by 

y  =  a  sin  (bt  -  cx ) 

where  a,  b  and  c  are  constants  of  the  wave.  Which 
of  the  following  are  dimensionless  quantities? 

(a)  yta  (b)  bt 


In  Q.4,  the  dimensions  of  b  are  the  same  as  those  of 
(a)  wave  velocity  (b)  wave  frequency 

(c)  particle  frequency  (d)  wavelength 

In  Q.4,  the  dimensions  of  —  are  the  same  as  those 

c 

of 

(a)  wave  velocity  (b)  angular  frequency 

(c)  particle  velocity  (d)  wave  frequency 
7.  The  Van  der  Waal  equation  for  n  moles  of  a  real 
gas  is 

(p  +  JLj  (r,~b)-nRT 

where  P  is  the  pressure,  V  is  the  volume,  T  is  the 
absolute  temperature,  R  is  the  molar  gas  constant 
and  a,  b  are  Van  der  Waal  constants.  The  dimen¬ 
sions  of 

(a)  a  are  the  same  as  those  of  PV~ 

(b)  b  are  the  same  as  those  of  V 

(c)  —  are  the  same  as  those  of  RT 
V 

(d)  bP  are  the  same  as  those  of  RT. 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 

5. 

6. 


(c)  cx 
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8.  In  Q.7,  which  of  the  following  have  the  same 
dimensions  as  those  of  PV2 

(a)  nRT  (b)  ^ 

(c)  Pb  (d) 

V 

9.  In  Q.7,  the  dimensions  of  nRT  are  the  same  as 
those  of 

(a)  pressure  (b)  energy 

(c)  work  (d)  force 

10.  Which  of  the  following  are  dimensionless? 

(a)  Boltzmann  constant  (b)  Planck’s  constant 
(c)  Poisson’s  ratio  (d)  relative  density 

11.  For  a  body  in  uniformly  accelerated  motion,  the 
distance  x  of  the  body  from  a  reference  point  at  time 
t  is  given  by 

x  =  at+bt2  +  c 

where  a,  b  and  c  are  constants  of  motion. 

(a)  The  dimensions  of  c  are  the  same  as  those 
of  x,  at  and  bt". 

(b)  The  dimensional  formula  of  b  is  [M°  LT  2], 
a 

(c)  —  is  dimensionless. 
b 

(d)  The  acceleration  of  the  body  is  2b. 

12.  The  side  of  a  cube  is  L  =  (1.2  ±  0.1)  cm.  The 
volume  of  the  cube  is 

(a)  (1.728  ±  0.003)  cm3  (b)  (1.73  ±  0.02)  cm3 
(c)  (1.7  ±  0.4)  cm3  (d)  (1.7  ±  0.3)  cm3 

13.  Two  resistances  R{  =  (3.0  ±  0.1)  Q.  and  R2  =  (6.0  ± 
0.2)  Q.  are  to  be  joined  together. 

ANSWERS  AND  SOLUTIONS 

1.  Choices  (a),  (b)  and  (c)  are  units  of  length 

2  0 

2.  The  dimensions  of  moment  of  inertia  are  ML"T 
and  of  moment  of  force  are  ML2T  2.  All  other  pairs 
in  (a),  (b)  and  (d)  have  identical  dimensions. 

3.  Dimensions  of  energy  per  unit  volume  are  = 
dimensions  of  energy /dimensions  of  volume  = 

ML2T~2/L3=  ML^T-2.  Stress,  pressure  and  modu- 

—1  —2 

lus  of  elasticity  all  have  the  dimensions  of  ML  T  . 
The  dimensions  of  work  are  ML2T  2.  Hence  the 
correct  choices  are  (b),  (c)  and  (d). 

4.  Since  the  sine  function  is  dimensionless,  sin  (bt 
-  cx )  is  dimensionless.  Therefore,  y  and  a  must 
have  the  same  dimensions,  i.e.  yla  is  dimension¬ 
less.  Since  the  argument  of  a  sine  function  (or  any 
trigonometric  function)  must  be  dimensionless,  bt 


(a)  The  maximum  resistance  obtainable  is  (9.0  ± 
0.3)  Q. 

(b)  The  maximum  resistance  obtainable  is  (9.0  ± 

0.2)  a 

(c)  The  minimum  resistance  obtainable  is  (2.0  ± 
0.3)  Q 

(d)  The  minimum  resistance  obtainable  is  (2.0  ± 
0.2)  Q 

14.  A  physical  quantity  P  is  given  by 

P=^l_ 

d\fc 

The  percentage  errors  in  the  measurements  of  a,  b, 
c,  and  d  are  1%,  3%,  4%,  and  3%  respectvely. 

(a)  The  maximum  percentage  error  in  P  is  14% 

(b)  The  maximum  percentage  error  in  P  is  10% 

(c)  The  maximum  error  is  contributed  by  the 
measurement  of  b. 

(d)  The  minimum  error  is  contributed  by  the 
measurement  of  c. 

15.  When  a  plane  wave  travels  in  a  meduim,  the 
diplacement  y  of  a  particle  located  at  x  at  time  t  is 
given  by 

y  =  a  sin  (bt  -  cx) 

where  a,  b,  and  c  are  constants. 

(a)  The  unit  a  is  the  same  as  that  of  y. 

(b)  The  SI  unit  of  b  is  Hz. 

(c)  The  dimensional  formule  of  c  is  [M°L_1T°] 

(d)  The  dimensions  of  —  are  the  same  those  of 

c 

velocity. 


and  cx  are  also  dimensionless.  Hence  the  correct 
choice  are  (a),  (b)  and  (c). 

5.  Since  bt  is  dimensionless,  the  dimensions  of  b  = 
dimensions  of  \lt  =  T  ',  which  are  the  dimensions 
of  angular  frequency  as  well  as  wave  frequency. 
Hence  the  correct  choices  are  (b)  and  (d). 

6.  Dimensions  of  bt=  dimensions  of  cx.  Therefore 

b  r 

Dimensions  of  —  =  dimensions  of  —  =  LT  '. 
c  t 

Hence  the  correct  choices  are  (a)  and  (c). 

7.  Expanding  Van  der  Waal  equation  we  get 

a  ab 

PV-Pb+ - -  =nRT 

V  V2 

From  the  principle  of  homogeneity,  it  follows  that 
all  the  four  choices  are  correct. 
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8. 


9. 


10. 

11. 


12. 


13. 


The  correct  choices  are  (a),  (b),  (c)  and  (d). 

The  dimensions  of  nRT=  dimensions  of  PV 

=  ML^1  T~2  x  L3  =  ML2  T~2 

which  are  dimensions  of  energy  as  well  as  work. 
Hence  the  correct  choices  are  (b)  and  (c). 

The  correct  choices  are  (c)  and  (d). 

From  the  principle  of  homogeneity  of  dimensions, 
the  dimensions  of  c  must  be  the  same  as  those  of 
x  at  and  bt2.  Therefore,  choice  (a)  is  correct.  Also 

dimension  of  bt 2  =  dimension  of  x.  Hence  [/?]  = 

—2 

[LT  ].  Hence  choice  (b)  is  also  correct.  Velocity 
of  the  body  is 

cbc  d  r  ,  7 

v  =  —  =  —  [at  +  br  +  c]  =  a  +  2  bt 
dt  dt 

and  acceleration  is 

—  =  —  {a  +  2  bt)  =  2b,  which  is  choice  (d) 
dtdt 


Rs±  ARS=  (9.0  ±  0.3)  £2 


Thus  choice  (a)  is  correct  and  choice  (b)  is  wrong. 
The  minimum  value  is  obtained  when  the  resis¬ 
tances  are  joined  in  parallel. 


Now 


_L=  _L  _L 

^p  ^2 

=  =2'Qa 
p  Rl+R2  3.0 +  6.0 

(v  Rl  +  R2=RS) 

=  ARl  +  AR1  +  ARL 
^1  ^2  Rs 

=  0T  (L2  03 

”  TO  +  64)  +  V0 
=  0.033  +  0.033  +  0.033 


a 

choice  (c)  is  wrong  since  —  has  dimension  of 

b 

time  [T] 

Volume  of  cube  (V  =  L2)  =  1.2  cm  X  1.2  cm  x 
1.2  cm  =  1.728  cm3.  Now  L  =  (1.2  ±  0.1)  cm  has 
two  significant  figures.  Hence  the  value  of  V  must 
be  rounded  to  two  segnificant  figures.  The  correct 
value  of  V  =  1.7  cm  .  Now 

V  =  L2 

AV  3A L  3x0.1 

- = - = - =  0.25 

V  L  1.2 

.-.  AV  =  0.25  x  V=  0.25  x  1.7  cm3  =  0.425  cm3 
The  error  in  V  is  in  the  first  decimal  place.  Hence 
the  value  of  AV  should  be  rounded  off  as  AF  = 
0.4  cm3.  Thus  the  correct  result  is  V±  AV=  (1.7  ± 
0.4)  cm3,  which  is  choice  (c). 

The  maximum  value  is  obtained  when  the  resis¬ 
tances  are  joined  in  series.  Therefore,  the  maximum 
value  is 

Rs=  i?[+  Ri=  3.0  +  6.0  =  9.0  Q 
Error  in  R  =  A Rs=  Af?p+  A R2=  0.2  +  0.1=  0.3  O 


=  0.099  -  0.1 

ARp  =0.1  x  i?p  =  0. 1  x  2  £2  =  0.2  Q 

.•.  Minimum  value  is  (Rp  ±  A Rp)  =  (2.0  ±  0.2)  VI. 

Hence  choice  (c)  is  wrong  and  choice  (d)  is  is 
correct. 

log  P  =  3  log  a  +  2  log  b  -  log  d - log  c 

I  AP\  _  3  A a  2  A b  Ad  1  Ac 
\  P  I  max  a  b  d  2  c 

=  3  x  1%  +  2  x  3%  +  3%  +  -  x  4% 

2 

=  3%  +  6%  +  3%  +  2%  =  14% 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 

15.  The  value  of  any  trignomatric  function  is  a  dimen¬ 
sionless  number.  Hence  choice  (a)  is  correct.  The 
argument  of  a  trignometric  function  is  also  dimen¬ 
sionless.  Hence  ( bt—cx )  is  dimensionless.  Hence  b 
has  dimension  [T  ']  the  same  as  that  of  frequency 
and  c  has  dimension  of  [L  '].  Thus  choices  (b),  (c) 
and  (d)  are  all  correct. 


0 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  and  2  are  based  on  the  following  passage. 
Passage-I 

The  dimensional  method  is  a  very  convenient  way  of 
finding  the  dependence  of  a  physical  quantity  on  other 


physical  quantities  of  a  given  system.  This  method  has  its 
own  limitations.  In  a  complicated  situation,  it  is  often  not 
easy  to  guess  the  factors  on  which  a  physical  quantity  will 
depend.  Secondly,  this  method  gives  no  information  about 
the  dimensionless  proportionality  constant.  Thirdly,  this 
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method  is  used  only  if  a  physical  quantity  depends  on  the 
product  of  other  physical  quantities.  Fourthly,  this  method 
will  not  work  if  a  physical  quantity  depends  only  on 
another  quantity  as  a  trignometric  or  exponential  function. 
Finally,  this  method  does  not  give  complete  information 
in  cases  where  a  physical  quantity  depends  on  more  than 
three  quantities  in  problems  in  mechanics. 

1.  The  dimensional  method  cannot  be  used  to  obtain 
denpendence  of 

(a)  the  height  to  which  a  liquid  rises  in  a  capil¬ 
lary  tube  on  the  angle  of  contact 

(b)  speed  of  sound  in  an  elastic  medium  on  the 
modulus  of  elactricity. 

(c)  height  to  which  a  body,  projected  upwards 
with  a  certain  velocity,  will  rise  on  time  t. 

(d)  the  decrease  in  energy  of  a  damped  oscillator 
on  time  t. 

2.  In  dimensional  method,  the  dimensionless  propor¬ 
tionality  constant  is  to  be  determined 

(a)  experimentally 

(b)  by  a  detailed  mathematical  derivation 

(c)  by  using  the  principle  of  dimensional  homo¬ 
geneity. 

(d)  by  equating  the  powers  of  M,  L  and  T. 

Questions  3  to  5  are  based  on  the  following  passage. 
Passage-II 

In  the  study  of  physics,  we  often  have  to  measure  the 
physical  quantities.  The  numerical  value  of  a  measured 


quantity  can  only  be  approximate  as  it  depends  upon  the 
least  count  of  the  measuring  instrument  used.  The  number 
of  significant  figures  in  any  measurement  indicates  the 
degree  of  precision  of  that  measurement.  The  importance 
of  significant  figures  lies  in  calculation.  A  mathematical 
calculation  cannot  increase  the  precision  of  a  physical 
measurement.  Therefore,  the  number  of  significant  figures 
in  the  sum  or  product  of  a  group  of  numbers  cannot  be 
greater  than  the  number  that  has  the  least  number  of 
significant  figures.  A  chain  cannot  be  stronger  than  its 
weakest  link. 

3.  A  bee  of  mass  0.000087  kg  sits  on  a  flower  of  mass 
0.0123  kg.  What  is  the  total  mass  supported  by  the 
stem  of  the  flower  upto  appropriate  significant  fig¬ 
ures? 

(a)  0.012387  kg  (b)  0.01239  kg 

(c)  0.0124  kg  (d)  0.012  kg 

4.  The  radius  of  a  uniform  wire  is  r  =  0.021  cm.  The 
value  n  is  given  to  be  3.142.  What  is  the  area  of 
cross-section  of  the  wire  upto  appropriate  signifi¬ 
cant  figures? 

(a)  0.0014  cm2  (b)  0.00139  cm2 

(c)  0.001386  cm2  (d)  0.0013856  cm2 

5.  A  man  runs  100.5  m  in  10.3  s.  Find  his  average 
speed  upto  appropriate  significant  figures. 

(a)  9.71  ms-1  (b)  9.708  ms-1 

(c)  9.7087  ms-1  (d)  9.70874  ms^1 


ANSWERS  AND  SOLUTIONS 

1.  The  correct  choices  are  (a),  (c)  and  (d).  The 
height  of  a  liquid  in  a  capillary  tube  depends  on 
cos  8,  where  8  is  the  angle  of  contact.  The  height 


1  2 

S  to  which  a  body  rises  is  given  by  S  =  nt  +  —  at  , 

,  •  ,  •  1  22 
which  is  a  sum  of  two  terms  ut  and  —  at  .  The 

2 


4. 


2. 


3. 


energy  of  a  damped  oscillator  decreases  exponen¬ 
tially  with  time. 

The  correct  choices  are  (a)  and  (b). 

Total  mass  =  0.000087  +  0.0123  =  0.012387  kg. 
The  mass  of  the  bee  is  accurate  upto  sixth  decimal 
place  in  kg,  whereas  the  mass  of  the  flower  is  ac¬ 
curate  only  upto  the  fourth  decimal  place.  Hence 


5. 


the  sum  must  be  rounded  off  to  the  fourth  decimal 
place.  Therefore  the  correct  choice  is  (c). 

A  =  nr2  =  3.142  x  (0.021)2  =  0.00138562  cm2.  Now, 
there  are  only  two  significant  figures  in  0.021  cm. 
Hence  the  result  must  be  rounded  off  to  two  signifi¬ 
cant  figure  as  A  =  0.0014  cm2,  which  is  choice  (a). 

Average  speed  =  ^0-5  m  _  9  708737  ms1 
10.3s 

The  distance  has  four  significant  figures  but 
the  time  has  only  three.  Hence  the  result  must 
be  rounded  off  to  three  signigicant  figure  to 
9.71  ms1.  Thus  the  correct  choice  is  (a). 
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# 

Matrix  Match  Type 


1.  Match  the  physical  quantities  in  column  I  with  their  SI  units  in  column  II 

Column  I  Column  II 


(a)  Stefan’s  constant 

(p)  JK  mol 

(b)  Universal  gas  constant 

(q)  Fm  1 

(c)  Electrical  permittivity 

(r)  Hm  1 

(d)  Magnetic  permeability 

(s)  Wm  2  K  4 

ANSWER 

1.  (a)  ->  (s) 

(b)  -A  (p) 

(c)  -A (q) 

(d)  ->  (r) 

2.  Match  the  measurements  in  column  I  with  the  number  of  significant  figures  in  column 

Column  I 

Column  II 

(a)  62.028 

(P)  3 

(b)  0.034 

(q)  4 

(c)  0.002504 

(r)  2 

(d)  1.25  xl.O7 

(s)  5 

ANSWER 

2.  (a)  ->  (s) 

(b)  ->  (r) 

(c)  (q) 

(d)  ->  (P) 

3.  Match  the  quantities  in  column  I 

with  their  order  of  magnitude  given  in  column  II 

Column  I 

Column  II 

(a)  2.6  x  104 

(P)  io5 

(b)  3.9  x  104 

(q)  10-23 

(c)  2.8  x  10~24 

(r)  10-24 

(d)  4.2  x  10~24 

(s)  104 

ANSWER 

3.  Use  the  following  method  to  find  the  order  of  magnitude.  For  example,  if  a  quantity  is  x  =  4.3  x  1 03,  take  its  loga¬ 
rithm  to  the  base  10.  Logx  =  3.633  and  round  if  off  as  logx  =  4  .  So  the  order  of  magnitnde  ofx  is  104. 

(a)  -A  (s)  (b)  ->  (p) 

(c)  ->  (r)  (d)  ->  (q) 


4.  Match  the  physical  quantities  in  column  I  with  dimensions  expressed  in  mass  (M),  length  (L),  time  (T),  and  charge 
(Q)  given  in  column  II. 


Column  I 

(a)  Angular  momentum 

(b)  Latent  heat 

(c)  Torque 

(d)  Capacitance 


Column  II 

(p)  ml2l2 

(q)  M  L2  Q-2 

(r)  ML2T! 

(s)  ML3r'Q"2 
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(e)  Inductance 

(f)  Resistivity 


ANSWER 

4.  (a)  — >  (r) 
(c)  -A  (p) 
(e)  ->  (q) 


(t)  M  1  L2  T2  Q2 

(u)  M°L2T-1 


(b)  -4  (u) 
(d)  — >  (t) 
(f)  ->  (s) 


IIT,  1983 


SOLUTION 

(a)  Angular  momentum  L=rxp=rx  (mv) 

[L]  =  [L  X  M  L  T-1]  =  [M  L2  T-1] 

.  T  ,  Q  heat  energy  [M  L2  T-2]  r*  ,o  T  2  ^-2-. 

(b)  Latent  heat  =  —  =  - —  - - -  =  [M°  L2  T  "] 


m 


mass 


[M] 


(c)  Torque  f  =  r  xF 

[r  ]=  [L  x  M  L  T-2]  =  [M  L2  T-2] 

OOO2 

(d)  Q  =  CV  =>  C  =  —  —  — ^ —  =  =— 

V  W/Q  W 


[C]  = 


Q1 


[M  L2  T"2] 


=  [M-1  L-2  T2  Q2] 


(e)  \V\  = 


Ldl 


dt 


W  LQ 
-4— = 


Q 


[L]  = 


WT- 

Q 2 


[ML2r2]x[T2l  ,  , 

L  J  —  =  [M  L2  Q-2] 


^=C4  =  jL4=[ML2T-2xU]  =  M  L3  T-i  Q- 

\  /  r  T  tt  /vrr  I  LA  I  ^ 


L  IL  QIL 


Qx-xl 

T 


5.  Column  I  gives  three  physical  quantities.  Select  the  appropriate  units  given  in  Column  II. 


Column  I 

(a)  Capacitance 

(b)  Inductance 

(c)  Magnetic  induction 
or 

Magnetic  field 


Column  II 

(p)  Ohm  second 

(q)  (coulomb)2  (joule)-1 

(r)  coulomb  (volt)-1 

(s)  newton  (ampere  metre)-1 


(t)  volt  second  (ampere) 


-l 


■  IIT,  1990 


SOLUTION 

5.  (a)  From  Q  =  CV,  unit  of  C  =  unit  °^~  —  =  couiomb  (volt)-1 

unit  of  V 

Q 2  2  , 

From  U  =  unit  of  C=  (coulomb)"  (volt) 
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(b)  From  \e\=L  — ,  unit  of  L  =  volt  second  (ampere)  1  =  ohm  second 

dt 

(c)  From  F  =  BIL,  unit  of  B  =  newton  (ampere  metre)-1 
Flence  (a)  — »  (q),  (r) 

(b)  (p),  (t) 

(c)  — >  (s) 

6.  Some  physical  quantities  are  given  in  Column  I  and  some  possible  SI  units  in  which  these  quantities  may  be 
expressed  are  given  in  Column  II.  Match  the  physical  quantities  in  Column  I  with  the  units  in  Column  II  and 
indicate  your  answer  by  darkening  appropriate  bubbles  in  the  4  x  4  matrix  given  in  the  ORS. 

Column  I  Column  II 


(a)  GMeMs 


G  -  universal  gravitational  constant, 
Me  —  mass  of  the  earth, 

Ms  -  mass  of  the  Sun 


(b) 


3  RT 
M 


R  -  universal  gas  constant, 
T  -  absolute  temperature, 
M~~  molar  mass 


(c) 


F2 

7b2 


F  -  force,  q  -  charge, 
B  -  magnetic  field 


(d) 


GMe 

Re 


G  -  universal  gravitational  constant 
Me  —  mass  of  the  earth, 

Re  -  radius  of  the  earth 


SOLUTION 


(p)  (volt)  (coulomb)  (metre) 


(q)  (kilogram)  (metre)3  (second)  2 


(r)  (metre)2  (second)  2 


(s)  (farad)  (volt)2  (kg)  1 


■  IIT,  2007 


6.  (a)  F  =  jherefore  the  SI  unit  of  G  is  Nm2  kg  2. 

r 

SI  unit  of  GMeMs  =  (Nnrkg-2)  x  kg2  =  Nm2  =  kg  ms-2  x  m2  =  kg  m3  s-2. 


(b)  SI  unit  of 


3 RT  SI  unit  of  PC  SI  unit  of  work 


M  SI  unit  of  M 


kg 


=  Nm  kg  1  =  kg  ms  2  X  m  X  kg  1  =  m2  s  2 


(c)  From  F  =  q  (vxB) ,  we  find  that  the  SI  unit  of  —  =  SI  unit  of  v.  Hence  SI  unit  of  — — —  =  (ms-1)2  =  m2  s  2 

qB  q2B- 

(d)  SI  unit  of  -  Nm2ke~2xkg  -  kHms~2  x  in2  x  kg ~3  x  kg  _  m2  s_2 


R„ 


m 


m 


(p)  Since  volt  x  coulomb  =  work,  SI  unit  of  (volt)  (coulomb)  (metre)  =  SI  unit  of  work  x  metre  =  Nm  x  m 
=  Nm2  =  kg  ms-2  x  m2  =  kg  m3s-2 

coulomb 


(s)  Since  farad  = 


volt 


and  coulomb  x  volt  =  work,  the  SI  unit  of  (farad)(volt)2  (kg  ')  =  (coulomb)  x  (volt) 


x  kg  1  =  SI  unit  of  work  x  kg  1  =  kg  ms  2  x  m  x  kg  1  =  m2s  2 


1.24  Comprehensive  Physics — JEE  Advanced 


Hence  the  correct  choices  are  as  follows 
(a)  —>  (p),  (q)  (b)  ->  (r),  (s) 


(c)  ->  (r),  (s) 

# 


Assertion-Reason  Type  Questions 


(d)  — >  (r),  (s) 


In  the  following  questions,  Statement-l(Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has 
the  following  four  options  out  of  which  only  one  choice 
is  correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

The  order  of  accuracy  of  measurement  depends  on 
the  least  count  of  the  measuring  instrument. 


Statement-2 

The  smaller  the  least  count  the  greater  is  the  num¬ 
ber  of  significant  figures  in  the  measured  value. 

2.  Statement-1 

The  dimensional  method  cannot  be  used  to  obtain 
the  dependence  of  the  work  done  by  a  force  F  on 
the  angle  9  between  force  F  and  displacement  x. 

Statement-2 

All  trignometric  functions  are  dimensionless. 

3.  Statement-1 

The  mass  of  an  object  is  13.2  kg.  In  this  measure¬ 
ment  there  are  3  significant  figures. 

Statement-2 

The  same  mass  when  expressed  in  grams  as 
13200  g  has  five  significant  figures. 


SOLUTIONS 

1.  The  correct  choice  is  (b). 

2.  Work  done  is  W  =  Fx  cos  9.  since  cos  9  is  di¬ 
mensionless,  the  dependence  of  W  on  9  cannot  be 
determined  by  the  dimensional  method.  Hence,  the 
correct  choice  is  (a) 


3.  The  correct  choice  is  (c).  The  degree  of  accuracy 
(and  hence  the  number  of  significant  figures)  of  a 
measurement  cannot  be  increased  by  changing  the 
unit. 
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Motion  in  One  Dimension 


a 


REVIEW  OF  BASIC  CONCEPTS 

2.1  ;  SCALAR  AND  VECTOR  QUANTITIES 

A  scalar  quantity  has  only  magnitude  but  no  direction,  such 
as  distance,  speed,  mass,  area,  volume,  time,  work,  energy, 
power,  temperature,  specific  heat,  charge,  potential,  etc. 

A  vector  quantity  has  both  magnitude  and  direction, 
such  as  displacement,  velocity,  acceleration,  force, 
momentum,  torque,  electric  field,  magnetic  field,  etc. 


2.2 


POSITION  VECTOR  AND  DISPLACEMENT 
VECTOR 


The  position  vector  of  a  particle  describes  its  instantaneous 
position  with  respect  to  the  origin  of  the  chosen  frame  of 
reference.  It  is  a  vector  joining  the  origin  to  the  particle 
and  is  denoted  by  vector  r.  A 

For  one-dimensional  motion  (say  along  x-axis),  r  =  x  i , 
where  x  is  the  distance  of  the  particle  from  origin  O. 

For  two-dimensional  motion  (say  in  the  x—y  plane), 

A  A 

r  =  x  i  +  y  j ,  where  (x,  y)  are  the  x  and  y  coordinates  of 
the  particle.  A 

For  three-dimensional  motion,  r  =  x  i  +  y  j  +  z  k . 

Displacement  vector 

If  rj  is  the  position  vector  of  a  particle  at  time  tu  and  r2  at 
time  t2,  then  the  displacement 
vector  is  given  by 
s  =  r2  -  ri 

Vector  s  is  the  resultant  of 
vectors  r2  and  -  rj  (Fig.  2.1). 

The  displacement  vector 
is  a  vector  joining  the  initial 
and  the  final  positions  of  the 
particle  after  a  given  interval 


Fig.  2.1 


of  time  and  its  direction  is  from  the  initial  to  the  final 
position. 


EXAMPLE  2.1 


Path  length  =  arc  AB  =  R9 


As  shown  in  Fig.  2.3,  the  magnitude  of  displacement  is 
s  =  AB  =  AC  +  CB 
=  2  AC 

=>  s  =  2R  sin  ( 6/2) 
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2.3 


INSTANTANEOUS  VELOCITY  AND 
AVERAGE  VELOCITY 


The  rate  of  change  of  displacement  with  time  at  a  given 
instant  is  called  instantaneous  velocity  and  is  given  by 
dx 

v  =  — 
dt 

The  average  velocity  in  a  given  time  interval  is  defined  as 

total  displacement 

vav  =  - 

time  interval 


EXAMPLE  2.2 


The  position  of  a  particle  moving  along  x-axis  is 

2  3  1 

given  by  x  =  2t  -  It  +  t  ,  where  x  is  in  metre  and  t 
in  second. 

(a)  Find  the  velocity  of  the  particle  at  t  =  2  s. 

(b)  Find  the  average  speed  of  the  particle  in  the  time 
interval  from  t=2stot  =  4s. 


SOLUTION 


(a)  x  =  2 1  - 


p  at  (t  ~ 


3  r  + t 3 

dx 

v  =  — 
dt 

2  s)  =  2  - 


—  2  —  6 1  +  3r 
6  x  2  +  3  x  (2)2  =  2  ms-1 


(b)  Position  at  t  =  2  s  is 

Xj=2x2-3x  (2)2  +  (2)3  =  0 


V  = 

u  +  at 

(2.1) 

X  = 

1  2 

xn  +  lit  +  —  at~ 

0  2 

or 

s  = 

1  2 

lit  +  —  at 

2 

(2.2) 

and 

2  2 

V  -  U  = 

2  a(x  —  x0) 

or 

2  2 

V  -  U  = 

2  a  s 

(2.3) 

1 .  While  solving  numerical  problems  of  bodies  moving 
in  a  straight  horizontal  direction,  we  will  consider 
only  the  magnitudes  of  u,  v,  a  and  s  and  take  care  of 
their  direction  by  assigning  positive  or  negative  sign 
to  the  quantity.  For  example,  +  a  will  mean  accelera¬ 
tion  -  a  will  mean  retardation  (or  deceleration). 

2 .  In  the  case  of  a  body  falling  vertically  under  gravity 
or  projected  vertically  upwards,  we  use  the  follow¬ 
ing  sign  conventions. 

Quantities  directed  vertically  upwards  are  taken  to 
be  positive  and  those  directed  vertically  downwards 
are  taken  to  be  negative.  Since  the  acceleration  due 
to  gravity  is  directed  downward  for  a  body  moving 
vertically  up  or  falling  vertically  down,  we  take  a 
=  -g  =  -9.8ms4  in  Eqs.  (2.1),  (2.2)  and  (2.3). 

3.  Displacement  in  the  nth  second  is  given  by 

sn  =  displacement  in  n  seconds  -  displacement  in 

(n  -  1)  seconds 

1  2  1  2 
=  un  +  — a(n )  -  u(n  —  1)  -  —  a(n  —  1) 


Position  at  t  =  4  s  is 

x2=2x4-3x  (4)2  +  (4)3  =  24  m 

.'.  Displacement  is  x2  -x1  =  24  -  0  =  24  m.  Time 

interval  =  4  -  2  =  2  s.  Therefore, 

.  i  •  24  _| 

Average  velocity  =  —  =  12  ms 

2.4  I  INSTANTANEOUS  ACCELERATION _ 

The  rate  of  change  of  velocity  with  time  at  a  given  instant 
is  called  instantaneous  acceleration  and  is  given  by 


dv 


2.5 


EQUATIONS  OF  ONE  DIMENSIONAL 
MOTION  WITH  CONSTANT  ACCELERATION 


Letx0  be  the  position  of  a  particle  at  time  t  =  0  and  let  u  be 
its  velocity  at  t  =  0.  It  is  given  a  constant  acceleration  a  for 
time  t.  As  a  result  it  moves  in  a  straight  line  to  a  position 
x  and  acquires  a  velocity  v. 

The  particle  suffers  a  displacement  5  =  x  —  x0  in  time  t. 
The  equations  of  motion  of  the  particle  are 


a  .. 

=>  sn  =  u  +  —  (2n  -  1) 


(2.4) 


Applications 

(i)  If  a  body  moving  with  constant  acceleration,  starts 
from  A  with  initial  velocity  u  and  reaches  B  with  a 
velocity  v,  then  the  velocity  midway  between^  and 
B  is 


v  = 


(ii)  A  body  starting  from  rest  has  an  acceleration  a  for 
a  time  tx  and  comes  to  rest  under  a  retardation  b  for 
a  time  t2.  If  and  s2  are  the  distances  travelled  in 
tx  and  t2. 


(a) 


*2 


b  _  tx 
a  t2 


(b)  Total  distance  travelled  (?[  +  s2 ) 
where  T  =  tl  +  t2. 


2 


(  ab  ' 
Kci  +  b  j 


ji2 


(c)  Maximum  velocity  attained  is  umax 


f  ab  \ 
\a  + 


T 
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(d)  Average  velocity  over  the  whole  trip  is 


vm:  = 


(iii)  At  time  t  =  0  a  body  is  thrown  vertically  upwards 

with  a  velocity  u.  At  time  t  =  T,  another  body  is 

thrown  vertically  upwards  with  the  same  velocity 

u.  The  two  bodies  will  meet  at  time 

T  u 
t  - - 1 - 

2  g 

(iv)  A  body  is  dropped  from  rest  and  at  the  same  time 
another  body  is  thrown  downward  with  a  velocity 
u  from  the  same  point,  then 

(a)  the  acceleration  of  each  body  is  g, 

(b)  their  relative  velocity  is  always  it, 

x 

(c)  their  separation  will  be  x  after  a  time  t  =  — . 

u 

(v)  From  the  top  of  a  building,  body  A  is  thrown  up¬ 
wards  with  a  certain  speed,  body  B  is  thrown  down¬ 
wards  with  the  same  speed  and  body  C  is  dropped 
from  rest  from  the  same  point.  If  t},  t2  and  t3  are 
their  respective  times  of  reach  the  ground,  then 


h  V  h  h 


(vi)  A  body  of  mass  m  is  dropped  from  a  height  h  on  a 
heap  of  sand.  If  it  penetrates  a  depth  x  in  the  sand, 

(a)  the  average  retardation  in  sand  is  given  by 
gh 


a  = 


because  loss  in  PE  ( mgh )  =  work  done  against 
the  resistive  force  of  sand  (max). 

(b)  total  average  force  exerted  by  sand  is 
F  =  mg  +  ma  =  m(g  +  a ) 

(vii)  A  body  is  thrown  vertically  upward  with  a  velocity 
u.  If  the  resistive  force  due  to  air- friction  produces 
a  constant  acceleration  (or  retardation)  a  (<  g) 

(a)  the  net  acceleration  during  upward  motion 

=  g  +  a, 

(b)  the  net  acceleration  during  downward  motion 
=  g  -  a, 

(c)  the  maximum  height  attained  is 

2 

,  u 

h  =  - 

2  (g  +  «) 

(d)  the  time  taken  to  reach  the  maximum  height  is 


h 


2  h 


(g  +  a)  (g  +  a) 

(e)  the  time  of  descent  is 


2  h 


(g-«) 


h2-»2) 


1/2 


(f)  the  speed  with  which  the  body  hits  the  ground  is 


v  = 


V 2{g-a)h 


=  u 


(. g~a ) 

(g  +  «) 


NOTE 


Note  that  tl  is  less  than  /,. 


Some  useful  tips 

(i)  If  a  body,  starting  from  rest,  moves  with  a  constant 

acceleration,  the  distances  covered  by  it  in  Is,  2s,  3s 
. are  in  the  ratio  1 2  :  22  :  32  . . .  =  1  :  4  :  9  . 

(ii)  If  a  body  starts  from  rest  and  moves  with  a  contant 
acceleration,  the  distance  covered  by  it  in  the  1st, 
2nd,  3rd.... seconds  are  in  the  ratio  1:3:5... 

(iii)  A  body  is  projected  upward  with  a  certain  speed.  If 
air  resistance  is  nelected,  the  speed  with  which  it 
hits  the  ground  =  the  speed  of  projection. 

(iv)  If  a  body  is  projected  upwards  with  a  velocity  u,  the 
maximum  height  attained  is  proportional  to  u 2  and 
the  time  of  ascent  is  proportional  to  u. 

(v)  For  a  freely  falling  body, 

(a)  velocity  °c  time 

(b)  distance  fallen  °c  (time)2 

(c)  velocity  »=  distance  fallen 

2.6  ;  GRAPHICAL  REPRESENTATION _ 


1 .  Displacement  -  time  (x  —  t)  graphs  (Fig.  2.4) 

Fig.  2.4(a)  :  Body  at  rest 
Fig.  2.4(b)  :  Body  in  uniform  motion 
Fig.  2.4(c)  :  Body  subjected  to  acceleration  (a  >  0) 
Fig.  2.4(d)  :  Body  subjected  to  retardation  (a  <  0) 
Fig.  2.4(e)  :  Body  accelerating  and  then  deceler¬ 
ating 


Fig.  2.4 


NOTE 


The  slope  of  x  —  t  graph  gives  velocity  for  uniform  mo¬ 
tion  [Fig.  2.4(b)].  For  non-uniform  motion  [Fig.  2.4(c), 

(d)  and  (e)],  the  slope  of  the  tangent  to  the  curve  at  a 
point  gives  velocity  at  that  instant. 
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2.  Velocity- time  (v  -  t)  graphs  for  uniformly  acceler¬ 
ated  motion  (Fig.  2.5) 


Fig.  2.5 


NOTE 


Acceleration  =  slope  of  (v  -  t)  graph 
Displacement  =  area  under  ( v  - 1 )  graph 


3.  Acceleration  -  time  (a  —  t )  graph  [Fig.  2.6] 


a  =  constant  >0  a  =  constant  <0  a  >  0,  increasing 

linearly  with  time 


Fig.  2.6 

4.  (a  - 1),  (v  -  t),  ( x  - 1 )  graphs  for  free  fall  [Fig  2.7] 


-9.8 

mc~2 


Fig.  2.7 


EXAMPLE  2.3 


The  displacement  x  (in  metres)  of  a  body  varies  with 
time  t  (in  seconds)  as 

2  9 

x  — - 1  +  \6t  +  2 

3 

How  long  does  the  body  take  to  come  to  rest? 


SOLUTION 


dx  4 

v  =  —  = - 1  + 16 

dt  3 


0  = - 7  +  16 

3 


t  =  12  s 


EXAMPLE  2.4 


From  the  top  of  a  building  40  m  tall,  a  ball  a  thrown 
vertically  upwards  with  a  velocity  of  10  ms  1 . 

(a)  After  how  long  will  the  ball  hit  the  ground? 

(b)  After  how  long  will  the  ball  pass  through  the  point 
from  where  it  was  projected?  (c)  With  what  velocity 
will  it  hit  the  ground?  Take  g  =  10  ms~2. 


SOLUTION 


(a)  s  =  -  40  m,  u  =  +  10  ms  1,a  =  -  10  ms  2 

1  2 

Now  s  =  ut  +  —  ar 
2 

=>  -  40  =  10*  +  |  x  (-  10)t2 

=>  t1  -  It  -  8  =  0 

=>  (t  +  2)  (t  -  4)  =  0 

=>  t  =  -2sor4s.  The  negative  value  of  t  is  not 
possible. 

Hence  the  ball  will  hit  the  ground  after  4  s. 

( b )  5  =  0,  u  =  +  1 0  ms  and  a  =  -  1 0  ms  ~2.  Therefore 
0  =  10?  -  5r  =>  t  =  2  s 

(c)  v  =  u  +  at  =  10  —  10  x  4  =  10  -  40  =  —  30  ms-1. 
The  negative  sign  indicates  the  velocity  v  is  di¬ 
rected  downwards. 


EXAMPLE  2.5 


■  Figure  2.8  shows  the  velocity  -  time  graph  of  a  body 
moving  in  a  straight  line.  Find  (a)  the  distance  trav¬ 
elled  by  the  body  in  20  s,  (b)  the  displacement  of  the 
body  in  20  s  and  (c)  the  average  velocity  in  the  time 
interval  t  =  0  to  t  =  20  s. 
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5 


15 


29a  _ 

u  H - —  5  + 

2 


29x2 

2 


=  34  m 


2.7  ;  RELATIVE  VELOCITY  IN  ONE  DIMENSION 

If  two  bodies  A  and  B  are  moving  in  a  straight  line  with 
velocities  vA  and  vB  respectively,  the  relative  velocity  of 
A  with  respect  to  B  is  defined  as 

VAB  =  V A-  VB 

The  relative  velocity  of  B  with  respect  to  A  will  be 

VBA  =  VB^VA 


SOLUTION 


(a)  Distance  =  area  under  speed  -  time  graph  which 
is  shown  in  Fig.  2.9. 


Fig.  2.9 

Distance  travelled  in  20  s  =  area  of  OAB  + 
area  of  BCD  in  Fig.  2.9 

=  -x6xl0  +  -x6xl0  =  60m 
2  2 

( b )  Displacement  in  20  s  =  area  of  OAB  -  area  of 
BCD  in  Fig.  2.8 

=  30  -  30  =  0 

.  .  ,  .  displacement 

(c)  Average  velocity  =  - =  0 

time 


EXAMPLE  2.6 


I  A  body  moving  in  a  straight  line  covers  a  distance  of 
14  m  in  the  5th  second  and  20  m  in  the  8th  second. 
How  much  distance  will  it  cover  in  the  1 5th  second? 


S„  = 

u  +  —  (2n  - 1) 

9  a 

0) 

S5  = 

u  - 1 - 

2 

S8=u  +  —  (2) 

Solving  (1)  and  (2),  we  get  a  =  2  ms  2  and  u  = 
5  ms-1. 


EXAMPLE  2.7 


A  police  van  moving  on  a  highway  with  a  speed  of  1 0 
ms  1  fires  a  bullet  at  a  thief’s  car  speeding  away  in  the 
same  direction  with  a  speed  of  30  ms~' .  If  the  muzzle 
speed  of  the  bullet  is  140  ms-1,  with  what  speed  will 
the  bullet  hit  the  thief’s  car? 


SOLUTION 


Speed  of  police  van  is  vv=  10  ms-1,  speed  of  thief’s 
car  is  vc  =  30  ms~'.  Relative  velocity  of  bullet  with 
respect  to  van  is  vBV=  140  ms-1.  Let  vB  be  the  veloc¬ 
ity  of  the  bullet.  vBV=  vB  -  vv.  Hence  vB  =  vBV+vv  = 
140  +  10  =  150  ms1.  The  bullet  will  hit  the  car  with 
a  speed 

vbc  =  vb~vc=  150  -  30  =  120  ms  _1. 


1  t 


u  1 


EXAMPLE  2.8 


From  the  top  of  a  tower  60  m  tall,  a  body  is  thrown 
vertically  down  with  a 
velocity  of  1 0  ms  .  At  the 
same  time,  another  body  is 
thrown  vertically  upward 
from  the  ground  with  a 
velocity  of20  ms"1,  (a)  After 
how  long  will  the  two  bod¬ 
ies  meet?  (b)  At  what  height 
above  the  ground  do  they 
meet?  Take  g  =  10  ms  2. 

[see  Fig.  2.10] 


60  m 


u2 


Ground 


Fig.  2.10 


SOLUTION 


(a)  Suppose  the  bodies  meet  at  C  and  let  t  be  the 
time  at  which  they  meet. 

_ 1  _9 

For  body  1:  s  =  -hx ,  ux  =—  10  ms  ,  a  =  —  10  ms 


hi  =-10 1+  ^  x  (-10)r 


Which  gives  hx  =5 1  (t  +  2) 


0) 
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For  body  2:  s  =  +  h2,  u2  =  +  20  ms  1,a  =  -10ms  2 
h2  =  20 1  -  5?  =  5t  (- 1  +  4)  (2) 

Adding  (1)  and  (2),  /zx  +  h2  =  30 1  or  60  = 
30 t  =>  t  —  2  s. 

( b )  Using  t  =  2  s  in  Eq.  (2),  A,  =  5  x  2  (4  -  2) 
=  20  m 

Alternative  method 

Relative  velocity  of  body  1  with  respect  to  body  2  is 

u12  =  U\  ^  u2  =  -  10  -  (20)  =  -  30  ms  _1 
Relative  displacement  of  body  1  with  respect  of  body  2  is 

U2  =  -  h\  -  Oh)  =  -  Oh  +  >h)  =  -  60  m 

Relative  acceleration  is  an  =  ax  -  a2  =  -  g  -  (-  g )  =  0. 
Using 

1  2 

s  =  ut  +  —  at  ,  we  have  -  60  =  -  30  t 
2 

=>  t  =  2  s. 

h2  =  20?  -  5t2  =  20  x  2  -  5  x  (2)2  =  20  m 


EXAMPLE  2.9 


The  driver  of  train  A  moving  at  a  speed  of  30  ms 
sights  another  train  B  moving  on  the  same  track  at  a 
speed  of  10  ms  _1  in  the  same  direction.  He  immedi¬ 
ately  applies  brakes  and  achieves  a  uniform  retarda¬ 
tion  of  2  ms  2.  To  avoid  collision,  what  must  be  the 
minimum  distance  between  trains  A  and  B  when  the 
driver  of  A  sights  B ? 


SOLUTION 


Relative  initial  velocity  A  w.r.t.  B  is, 

uAB  =  uA  -  uB  =  30  -  10  =  20  ms  _1 

Relative  retardation  of  A  w.r.t  B  is 

_2 

a ab  =  aA  -  aB  =  -  2  —  0  =  -  2  ms 

To  avoid  collision,  the  relative  final  velocity  of  A  w.r.t. 
B  vAB  must  be  zero.  Minimum  relative  displacement 
of  A  w.r.t.  B  is  sAB  which  is  found  by  using  the  relation 
v2  -u2  =  2  as  which  gives 

0  -  (20)2  =  2  x  (-  2)  sAB  =>  sAB  =  100  m 


;  SOLVING  PROBLEMS  INVOLVING  NON- 
2  8  |  UNIFORM  ACCELERATION _ 

(a)  Finding  velocity  and  displacement  if  the  depen¬ 
dence  of  acceleration  on  time  is  given, 
dv 

Use  a  =  —  which  gives  dv  =  a  dt.  Substitute  the 
dt 

given  expression  for  a  in  terms  of  t  and  integrate 
both  sides. 


V  t 

J dv  =  | adt 

u  0 

and  obtain  the  expression  for  v(t). 

dx 

To  find  displacement  x,  use  v  =  —  which  gives 

dt 

dx  =  v(t)  dt. 

Substitute  the  expression  for  v  and  integrate  both 
sides 

X  t 

J  dx  =  J  vdt 

x0  0 


EXAMPLE  2.10 


A  particle  starts  from  rest  atx  =  0.  Its  acceleration  at 
time  t  =  0  is  5  ms  ~2  which  varies  with  time  as  shown 
in  Fig.  2.11.  Find  (a)  the  maximum  speed  of  the  par¬ 
ticle  and  (b)  its  displacement  in  time  interval  from  t 
=  0  to  t  =  2  s. 


a 


SOLUTION 


5 

(a)  Slope  of  graph  is  m  =  —  ms  per  second. 

6 

_2 

Intercept  c  =  5  ms  .  Using  y  =  mx  +  c,  the 
acceleration  a  varies  with  time  as 

5  r 
a  =  — t  +  5 

6 

dv  5 

=>  —  —  — t  +  5 

dt  6 


Integrating  J dv  =  t  +  5  dt 


o 


5  2  , 

v  = - 1  +  5 1 

12 


0) 


It  follows  from  graph  that  deceleration  becomes 
zero  at  t  6  s.  Hence  v  will  be  maximum  at  t  =  6  s. 
Using  t  =  6  s  in  Eq.  (1)  gives  umax  =  15  ms-1. 
dx 

(b)  From  v  =  —  ,  we  have  dx  =  v  dt.  Integrating 
dt 


dt 
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=>  x  = 


5  ft z 
—  x  — h  5  x  — 
12  3  2 


2 

0 


5  23  22  80 

= - x - h5x  —  =  —  m 

12  3  2  9 


(c)  Finding  velocity  and  displacement  if  the  depen- 

del^ce  of  acceleration  on  displacement  is  given 

TT  ,  .  dv  dx  do  dv 

Use  a(x)  =  —  =  —  x  —  =  v  — 

dt  dt  dx  dx 


or  v  dv  =  a{x)  dx 


Substitute  the  given  expression  of  a(x)  in  terms 
of  x  and  integrate. 


dv 
a  =  — 
dt 


a 


Integrating 


Hence  we  obtain  the  expression  for  v(t). 

v  =  —  =>  dx  =  vdt 

dt 


Integrate 


X  t 

J  dx  =  J  it  dt 

x0  0 

Hence  we  get  an  expression  forx. 


V 

^v  dv 


V 


X 

J  a  (x)  dx 

x0 


Hence  we  get  an  expression  for  v(x )  in  terms 
of  x. 

dx 

To  find  displacement,  we  use  v(x)  =  — 

dt 

dx  , 

=>  - =  dt  and  integrate 

v(x) 


J 


*0 


dx 
V  (x) 


|  dt 
o 


where  v  is  the  expression  obtained  above. 


EXAMPLE  2.11 


A  particle  is  moving  along  the  x-axis  with  an  accel¬ 
eration  a  =  2x  where  a  is  in  ms  2  and  x  is  in  metre.  If 
the  particle  starts  from  rest  atx  =  1  m,  find  its  velocity 
when  it  reaches  the  position  x  =  3  m. 


SOLUTION 


dv 

a  =  v —  => 

dx 

V 

\v  dv  = 


o 


dv 

2x  =  v  — 
dx 


v  dv  =  2x  dx 


EXAMPLE  2.12 


A  particle  initially  (i.e.  at  t  =  0)  moving  with  a  veloc¬ 
ity  u  is  subjected  to  a  retarding  force  which  deceler¬ 
ates  it  at  a  rate  a  =  —k yfv  where  v  is  the  instanta¬ 
neous  velocity  and  A:  is  a  positive  constant,  (a)  Find 
the  time  taken  by  the  particle  to  come  to  rest,  (b)  Find 
the  distance  the  particle  travels  during  this  time. 


SOLUTION 


(a)  a=  —  =>  -kx[v  = 

dt 

Integrating 

W  -  -  *  }<* 

u  J V  0 

=>  2(l71/2  -M1/2)  =-kt 
Putting  v  =  0,  we  get  t  = 

(b)  To  find  the  stopping  distance,  we  use 
dv  _  vdv 
dt  dx 

dv  ,  yfv  dv 

v —  =>  dx  = - 

dx  k 


a  = 

=>  -ksfv  = 
Integrating 


dv 

dt 


dv  ,  j 

— -j=  =  —  kdt 

dv 


2  yfu 


which  gives  v  =  4  ms  . 

(c)  Finding  velocity  and  displacement  if  the  depen¬ 
dence  of  acceleration  on  velocity  is  given 


2  um 
3  k 
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Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  ball  is  dropped  from  the  top  of  a  tower.  In  the 
last  second  of  its  fall,  the  ball  covers  a  distance 
9/25  times  the  height  of  the  tower.  If  g  =  10  ms~2, 
the  height  of  the  tower  is 

(a)  75  m  (b)  100  m 

(c)  125  m  (d)  150  m 

2.  A  ball  is  thrown  vertically  upwards  from  the  foot  of 
a  tower.  It  crosses  the  top  of  the  tower  twice  after  an 
interval  of  4  s  and  reaches  the  foot  of  the  tower  8  s 
after  it  was  thrown.  What  is  the  height  of  the  tower? 
Take  g  =  10  ms  2. 

(a)  60  m  (b)  80  m 

(c)  100  m  (d)  120  m 

3.  Two  cars  travelling  on  a  straight  road  cross  a  ki¬ 
lometer  stone  A  at  the  same  time  with  velocities 
20  ms-1  and  10  ms-1  with  constant  accelerations  of 
1  ms~2  and  2  ms~2  respectively.  If  they  cross  another 
kilometer  stone  B  at  the  same  instant,  the  distance 
between  A  and  B  is 

(a)  600  m  (b)  800  m 

(c)  1000  m  (d)  1200  m 

4.  The  acceleration  a  of  a  body  moving  with  initial 
velocity  u  changes  with  distance  x  as  a  =  k2 \fx , 
where  A:  is  a  positive  constant.  The  distance  trav¬ 
elled  by  the  body  when  its  velocity  becomes  2 u  is 


(a) 


^3  ^3/4 


ylk  j 


(b) 


^3«^4/3 


\2k  j 


(c) 


'3 u 
\2k  j 


(d) 


'3 u 

V2  kj 


5.  A  particle  is  moving  along  the  x-axis.  Its  instanta¬ 
neous  velocity  when  it  is  at  a  distance  x  from  the 
origin  is  v  =  \Jp  -  qx 2  ,  where  p  and  q  are  positive 
constants.  The  acceleration  of  the  particle  at  that 
instant  is 

(a)  zero 


(b) 


2  qx 

(p  -  q) 


(c) 


2  p  x 

(p  -  q ) 


(d)  -  qx 


6.  The  velocity  of  a  particle  moving  along  the  x-axis 

is  given  by  v  =  k  Vx  where  A:  is  a  positive  constant. 
The  acceleration  of  the  particle  is 


4k_ 

k 

(a) 

2 

<W  2 

(c) 

k2 

2 

(d)  Ik2 

7.  The  velocity  of  a  particle  at  time  t  (in  second) 

is  related  to  its  displacement  x  (in  metre)  as 
v  =  ^3x  +  4  .  The  initial  velocity  of  the  particle  is 
(a)  1  ms-1  (b)  2  ms-1 

(c)  3  ms~'  (d)  4  ms~' 

8.  A  car,  starting  from  rest,  has  a  constant  accelera- 

—2 

tion  of  3  ms  for  some  time  and  then  has  a  con- 

—2 

stant  retardation  of  2  ms  for  some  time  and 
finally  comes  to  rest.  The  total  time  taken  is  15  s. 
The  maximum  velocity  of  car  during  its  motion  is 
(a)  12  ms-1  (b)  15  ms~' 

(c)  18  ms-1  (d)  21  ms-1 

9.  A  freely  falling  body,  falling  from  a  tower  of  height 
h  covers  a  distance  hi 2  in  the  last  second  of  its  mo¬ 
tion.  The  height  of  the  tower  is  (take  g  =  1 0  ms~2) 
nearly 

(a)  58  m  (b)  50  m 

(c)  60  m  (d)  55  m 

10.  Ball  A  is  rolled  in  a  straight  line  with  a  speed  of  5 
ms-1  towards  a  bigger  ball  B  lying  20  m  away.  After 
collision  with  ball  B,  ball  A  retraces  the  path  and 
reaches  its  starting  point  with  a  speed  of  4  ms-1. 
What  is  the  average  velocity  of  ball  A  during  the 
time  interval  0  to  6  s? 

(a)  zero  (b)  2  ms-1 

(c)  4  ms-1  (d)  5  ms-1 

11.  A  train  is  moving  southwards  at  a  speed  of  30  ms-1. 
A  monkey  is  running  northwards  on  the  roof  of  the 
train  with  a  speed  of  5  ms~\  What  is  the  velocity 
of  the  monkey  as  observed  by  a  person  standing  on 
the  ground? 

(a)  35  ms1  in  the  southward  direction 

(b)  35  ms-1  in  the  northward  direction 

(c)  25  ms1  in  the  southward  direction 

(d)  25  ms~'  in  the  northword  direction 

12.  A  police  van  moving  on  a  highway  with  a  speed 
of  36  km  h  1  fires  a  bullet  at  a  thief’s  car  speed¬ 
ing  away  in  the  same  direction  with  a  speed  of 
108  km  IT1.  If  the  muzzle  speed  of  the  bullet  is 
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140  ms-1,  with  what  speed  will  the  bullet  hit  the 
thief’s  car? 

(a)  120  ms-1  (b)  130  ms~' 

(c)  140  ms-1  (d)  150  ms-1 

13.  Car  A  is  moving  with  a  speed  of  36  km  IT1  on  a 
two-lane  road.  Two  cars  B  and  C,  each  moving  with 
a  speed  of  54  km  h  1  in  opposite  directions  on  the 
other  lane  are  approaching  car  A.  At  a  certain  in¬ 
stant  when  the  distance  AB  =  distance  AC  =  1  km, 
the  driver  of  car  B  decides  to  overtake  /)  before  C 
does.  What  must  be  the  minimum  acceleration  of 
car  B  so  as  to  avoid  an  accident? 

(a)  1  ms~2  (b)  2  ms~2 

(c)  3  ms4  (d)  4  ms4 

14.  The  driver  of  a  train  A  moving  at  a  speed  of  30 
ms-1  sights  another  train  B  moving  on  the  same 
track  towards  his  train  at  a  speed  of  10  ms1 .  He 

immediately  applies  brakes  and  achieves  a  uniform 

—2 

retardation  of  4  ms  .To  avoid  head-on  collision, 
what  must  be  the  minimum  distance  between  the 
trains? 

(a)  100  m  (b)  200  m 

(c)  300  m  (d)  400  m 

15.  Abullet  is  fired  vertically  upwards.  After  lOseconds 
it  returns  to  the  point  of  firing.  If  g  =  10  ms-2,  the 
location  of  the  bullet  after  7  seconds  from  the  time 
of  firing  will  be  the  same  as  that  after 

(a)  2  s  (b)  2.5  s 

(c)  3  s  (d)  3.5  s 

16.  A  body,  starting  from  rest,  moves  in  a  straight  line 
with  a  constant  acceleration  a  for  a  time  interval  t 
during  which  it  travels  a  distance .?  | .  It  continues  to 
move  with  the  same  acceleration  for  the  next  time 
interval  t  during  which  it  travels  a  distance  s2.  The 
relation  between  sx  and  s2  is 

(a)  s2  =  (b)  s2  =  2 ,s1 

(c)  s2  =  3.S-,  (d)  s2  =  4sx 

17.  In  Q.  16,  if  vx  is  the  velocity  of  the  body  at  the  end 
of  first  time  interval  and  v2  that  at  the  end  of  the 
second  time  interval,  the  relation  between  vl  and 
v2  is 

(a)  v2  =  vx  (b)  v2  =  2vx 

(c)  v2  =  3i7j  (d)  v2  =  4vx 

18.  A  body  dropped  from  the  top  of  a  tower  hits  the 
ground  after  4  s.  How  much  time  does  it  take  to 
cover  the  first  half  of  the  distance  from  the  top  of 
the  tower? 

(a)  Is  (b)  2  s 

(c)  2V2  s  (d)  V3s 


19.  Figure  2.12  shows  the  displacement-time  (x-t) 
graph  of  a  body  moving  in  a  straight  line.  Which 
one  of  the  graphs  shown  in  Fig.  2.13  represents 
the  velocity-time  ( v-t )  graph  of  the  motion  of  the 
body. 


O  5  10  15  20 


Fig.  2.12 


(c)  (d) 

Fig.  2.13 


20.  A  stone  is  dropped  from  a  height  of  125  m.  If  g 
=  10  ms~2,  what  is  the  ratio  of  the  distances  trav¬ 
elled  by  it  during  the  first  and  the  last  second  of  its 
motion? 

(a)  1  :  9  (b)  2  :  9 

(c)  1  :  3  (d)  4:9 

21.  A  bullet  is  fired  vertically  upwards  with  an  initial 
velocity  of  50  ms-1.  Ifg  =  10  ms~2,  what  is  the  ratio 
of  the  distances  travelled  by  the  bullet  during  the 
first  and  the  last  second  of  its  upward  motion? 

(a)  9  :  1  (b)  9  :  2 

(c)  3  :  1  (d)  9  :  4 

22.  A  body  moving  in  a  straight  line  with  constant 

—2 

acceleration  of  1 0  ms  covers  a  distance  of  40  m 
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in  the  4th  second.  How  much  distance  will  it  cover 
in  the  6th  second? 

(a)  50  m  (b)  60  m 

(c)  70  m  (d)  80  m 

23.  A  body,  moving  in  a  straight  line  with  an  initial 
velocity  of  5  ms1  and  a  constant  acceleration,  cov- 
ers  a  distance  of  30  m  in  the  3  second.  How  much 
distance  will  it  cover  in  the  next  2  seconds? 

(a)  70  m  (b)  80  m 

(c)  90  m  (d)  100  m 

24.  A  body,  moving  in  a  straight  line,  with  an  initial 
velocity  u  and  a  constant  acceleration  a,  covers  a 
distance  of  40  m  in  the  4th  second  and  a  distance 
of  60  m  in  the  6th  second.  The  values  of  u  and  a 
respectively  are 


(a)  10  ms  *,  5  ms  2 

_ 1  _9 

(c)  5  ms  ,  5  ms 


(b)  10  ms  ',  10  ms  2 
(d)  5  ms-1,  10  ms~2 


25.  A  car,  starting  from  rest,  has  a  constant  accelera¬ 
tion  ax  for  a  time  interval  tx  during  which  it  cov¬ 
ers  a  distance  5,.  In  the  next  time  interval  t2,  the 
car  has  a  constant  retardation  a2  and  comes  to  rest 
after  covering  a  distance  s2  in  time  t2.  Which  of  the 
following  relations  is  correct? 


(a)  ^L  =  ^L  =  !l 


Cl i  1 1 

(b)  -  =  -  =  f 


1  f2 


(c)  =  Sl  = 


Cl i  S')  t') 

(d)  —  =  — =  - 
a2  s2  tx  a2  si  h 

26.  In  Q.25,  the  average  speed  of  the  car  during  its 
entire  journey  is  given  by 


1  1 

(a)  -axtx  =  —  a2  t2 
(c)  ~{ax  +a2){tx  +t2) 


1  , 

(b)  -(a\ti+a2t2) 


(d)  zero 


27.  In  Q.25,  if  the  total  distance  covered  by  the  car  is  s, 
the  maximum  speed  attained  by  it  will  be 


(a) 


f 

2s. 

V 

axa2 

2 

(b) 

f 

2s. 

V 

axa2  ' 

2 

ax+a2, 

a\~a2, 

(s 

axa2  2 

1 

2 

(d) 

'  s 

axd2  2 

1 

2 

v2' 

ax+a2J 

J' 

al  —  a2  V 

(c) 


28.  A  car,  starting  from  rest,  is  accelerated  at  a  constant 
rate  a  until  it  attains  a  speed  v.  It  is  then  retarded  at 
a  constant  rate  /j  until  it  comes  to  rest.  The  average 
speed  of  the  car  during  its  entire  journey  is 


(a)  zero 


(b)  ™ 
2/3 


(O  f 


(d)  ’ 


29.  The  displacement  of  a  body  from  a  reference  point, 
is  given  by 

Vx  =2t  +  3 

where  x  is  in  metres  and  t  in  seconds.  This  shows 
that  the  body  is 

(a)  at  rest  (b)  accelerated 

(c)  decelerated  (d)  in  uniform  motion 

30.  In  Q.29,  what  is  the  initial  velocity  of  the  body? 

(a)  2  ms-1  (b)  3  ms-1 

(c)  6  ms-1  (d)  12  ms-1 

31.  In  Q.29,  what  is  the  acceleration  of  the  body? 


(a)  2  ms 


(b)  3  ms 


(c)  6  ms  (d)  8  ms 

32.  A  car,  starting  from  rest,  at  a  constant  acceleration 
covers  a  distance  s'!  in  a  time  interval  t.  It  covers  a  dis¬ 
tance  of  s2  in  the  next  time  interval  t  at  the  same  ac¬ 
celeration.  Which  of  the  following  relations  is  true? 

(a)  s2  =  s |  (b)  s2  =  2sx 

(c)  s2  =  3sj  (d)  s2  =  4s ! 

33.  A  car  moving  at  a  speed  v  is  stopped  in  a  certain 
distance  when  the  brakes  produce  a  deceleration 
a.  If  the  speed  of  the  car  was  nv,  what  must  be 
the  deceleration  of  the  car  to  stop  it  in  the  same 
distance  and  in  the  same  time? 

(a)  \Fna  (b)  na 

(c)  n2a  (d)  r? a 

34.  Two  balls  are  dropped  from  the  same  point  after  an 
interval  of  1  second.  What  will  be  their  separation 
3  seconds  after  the  release  of  the  second  ball?  Take 
g  =  10  ms~2. 

(a)  25  m  (b)  30  m 

(c)  35  m  (d)  40  m 

35.  A  bullet  is  tired  vertically  upwards  with  an  initial 
velocity  of  50  ms-1.  It  covers  a  distance  hx  during 
the  first  second  and  a  distance  h2  during  the  last  3 
seconds  of  its  upward  motion.  If  g  =  10  ms  2,  hx 
and  h2  will  be  related  as 

(a)  /?!  =  3 h2  (b)  /?!  =  2h2 

(c)  hx  =  h2  (d)  hx  = 

36.  A  ball  is  thrown  vertically  downward  with  a  veloc¬ 
ity  u  from  the  top  of  a  tower.  It  strikes  the  ground 
with  a  velocity  3 u.  The  time  taken  by  the  ball  to 
reach  the  ground  is  given  by 

2  u 

(b)  - 

& 


u 

(a)  - 
g 

3  u 

(c)  — 

g 


w  - 

g 
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Which  of  the  graphs  shown  in  Fig.  2.16  represents 
the  velocity-time  (v—i)  graph  of  the  motion  of  the 
body  from  t  =  0stot  =  4s? 


Fig.  2.16 


45.  In  Q.44  above,  what  is  the  velocity  of  the  body  at 
time  t  =  2.5  s? 

(a)  2.5  ms~’  (b)  3.5  ms~' 

(c)  4.5  ms-1  (d)  5.5  ms-1 

46.  In  Q.44,  how  much  distance  does  the  body  cover 
from  t  =  0  to  t  =  4  s? 

(a)  6  m  (b)  9  m 

(c)  12  m  (d)  15  m 

47.  In  Q.44,  which  of  the  graphs  shown  in  Fig.  2.17 
represents  the  displacement-time  (x  -  t)  graph  of 
the  motion  of  the  body  from  t=0stot  =  4s? 


f(s) - ►  t(  s) 


(C)  (d) 

Fig.  2.17 

48.  A  body,  moving  in  a  straight  line,  covers  half  the 
distance  with  a  speed  V,  the  remaining  part  of  the 
distance  was  covered  with  a  speed  V  for  half  the 
time  and  with  a  speed  V"  for  the  other  half  of  the 
time.  What  is  the  average  speed  of  the  body? 


(a) 

2V(V'  +  V") 

(b) 

V(V'  +  V") 

(: 2V  +  V'  +  V ") 

(2V  +  V'  +  V") 

(c) 

2V'V" 

(d) 

V'V" 

(V  +  V'  +  V") 

(V  +  V'  +  V") 

49.  A  particle  moving  in  a  straight  line  covers  half  the 
distance  with  a  speed  of  3  m/s.  The  other  half  of 
the  distance  is  covered  in  two  equal  time  inter¬ 
vals  with  speeds  of  4.5  m/s  and  7.5  m/s  respec¬ 
tively.  The  average  speed  of  the  particle  during  this 
motion  is 
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(a)  4.0  m/s  (b)  5.0  m/s 

(c)  5.5  m/s  (d)  4.8  m/s 

<  IIT,  1992 

50.  Figure  2.18  shows  the  velocity-time  (z?  -  t)  graphs 
for  one  dimensional  motion.  But  only  some  of  these 
can  be  realized  in  practice.  These  are 

(a)  (i),  (ii)  and  (iv)  only 

(b)  (i),  (ii)  and  (iii)  only 

(c)  (ii)  and  (iv)  only 

(d)  all 


Fig.  2.18 

51.  A  stone  dropped  from  a  building  of  height  h  reaches 
the  ground  after  t  seconds.  From  the  same  build¬ 
ing  if  two  stones  are  thrown  (one  upwards  and 
the  other  downwards)  with  the  same  velocity  u 
and  they  reach  the  ground  after  tl  and  t2  seconds 
respectively,  then  the  time  interval  t  is 


rr 

ii 

2? 

(b)  /=  ' 2 

2 

(c)  t  = 

(d)  t=  M-t\ 

Displacement  (x)  of  a 
as  x  =  at  +  bt2  -  ct3 

particle  is  related  to  time  (f) 

where  a,  b  and  c  are  constants  of  motion.  The 
velocity  of  the  particle  when  its  acceleration  is  zero 

is  given  by 

,2 

(a)  a  + 

c 

7  2 

(b)  a  +  — 

2c 

(C)  a  +  b— 

3c 

...  b2 

(d)  ci  +  — 

4c 

<  IIT,  1988 

53.  A  ball  is  dropped  vertically  from  a  height  h  above 
the  ground.  It  hits  the  ground  and  bounces  up 
vertically  to  a  height  hi 2.  Neglecting  subsequent 


motion  and  air  resistance,  its  velocity  v  varies  with 
the  height  h  as  (see  Fig.  2.19) 


Fig.  2.19 


54.  A  car,  starting  from  rest,  accelerates  at  a  constant 

—2 

rate  of  5  ms  for  some  time.  It  then  retards  at  a 

_2 

constant  rate  of  10  ms  "  and  finally  comes  to  rest. 
If  the  total  taken  is  6  s,  what  is  the  maximum  speed 
attained  by  the  car? 

(a)  5  ms-1  (b)  10  ms~' 

(c)  20  ms-1  (d)  40  ms~' 

55.  In  Q.54,  what  is  the  total  distance  travelled  by  the 
car  is  6  s? 

(a)  60  m  (b)  80  m 

(c)  100  m  (d)  120  m 

56.  The  distance  x  covered  by  a  body  moving  in  a 
straight  line  in  time  t  is  given  by  the  relation 

2x2  +  3x  =  t 

If  v  is  the  velocity  of  the  body  at  a  certain  instant 
of  time,  its  acceleration  will  be 
(a)  -  v3  (b)  -  2v3 

(c)  -  3v 3  (d)  -  Av3 

57.  The  distance  x  covered  by  a  body  moving  in  a 
straight  line  in  time  t  is  given  by 

x2  =  t~  +  2t  +  3 

The  acceleration  of  the  body  will  vary  as 

1  1 

(a)  -  (b)  — 

*  x2 


(c) 


(d) 


1 


x 


4 


58.  A  body  is  thrown  vertically  up  with  a  velocity  u.  It 
passes  three  points  A,  B  and  C  in  its  upward  journey 
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MVl  M 

with  velocities  —  ,  —  and  —  respectively.  The  ratio 


AB 

BC 

is 

2  3 

4 

(a) 

20 

7 

(b)  2 

(c) 

10 

7 

(d)  1 

59.  A  body  is  thrown  vertically  up  with  a  velocity  u.  It 
passes  a  point  at  a  height  /?  above  the  ground  at  time 
?,  while  going  up  and  at  time  t2  while  falling  down. 
Then  the  relation  between  u,  tx  and  ?2  is 


2  u 

(a)  ?!  +  ?2  =  — 


g 


M 


(b)  ?2  -  ?!  =  — 


2  u 
g 


(C)  ?i  +  ?2  =  - 


(d)  ?2  ~  ?!  =  - 


u 

g  g 

60.  In  Q.  59  above,  the  relation  between  ?b  ?2  and  /?  is 


,  .  2/7 

(a)  txt2=  — 

g 

...  ,2  2/7 

(c)  (?i  +  ?2) - 


..  \  h 

(b)  ?i?2  =  - 

g 


(d)  (?!  +  ?2)2  = 


h 


g  g 

61.  A  body  dropped  from  a  height  H  above  the  ground 
strikes  an  inclined  plane  at  a  height  h  above  the 
ground.  As  a  result  of  the  impact,  the  velocity  of 
the  body  becomes  horizontal.  The  body  will  take 
the  maximum  time  to  reach  the  ground  if 

(b)  h  =  H 


(a)  h=  j 


(c)  h  =  — 
2 


2V2 

(d)/?  =Ti 


62.  A  body  of  density  p  enters  a  tank  of  water  of  density 
p'  after  falling  through  a  height  /?.  The  maximum 
depth  to  which  it  sinks  in  water  is 


(a) 

hp' 

(b) 

hp 

(p-p0 

(p-p0 

(c) 

hp 

7 

(d) 

hp' 

P 

63.  A  body,  falling  freely  under  gravity,  covers  half  the 
total  distance  in  the  last  second  of  its  fall.  If  it  falls 
for  n  seconds,  then  the  value  of  n  is 

(a)  2  (b)  3 

(c)  2  -  ,/2  (d)  2  +  V2 

64.  In  1.0  s,  a  particle  goes  from  point  A  to  point  B, 
moving  in  a  semicircle  of  radius  1 .0  m  as  shown  in 


Fig.  2.20.  The  magnitude  of  the 
average  velocity  of  the  particle  is 

(a)  3.14  ms~’ 

(b)  2.0  ms~' 

(c)  1.0  ms~’ 

(d)  zero 

<  IIT,  1999 

65.  A  body  of  mass  mu  projected  verti¬ 
cally  upwards  with  an  initial  veloc¬ 
ity  u  reaches  a  maximum  height  h. 

Another  body  of  mass  m2  is  projected  along  an  in¬ 
clined  plane  making  an  angle  of  30°  with  the  hori¬ 
zontal  and  with  speed  it.  The  maximum  distance 
travelled  along  the  incline  is 

(a)  2/7  (b)  h 


Fig.  2.20 


h 

(0  1 


(d)  A 


66.  The  displacement  x  of  a  particle  moving  in  one 
dimension  is  related  to  time  ?  by  the  equation 

t=  4x+  3 

where  x  is  in  metres  and  ?  in  seconds.  The  displace¬ 
ment  of  the  particle  when  its  velocity  is  zero  is 
(a)  zero  (b)  4  m  (c)  1  m  (d)  0.5  m 

67.  A  particle  initially  (i.e,  at  ?  =  0)  moving  with  a 
velocity  u  is  subjected  to  a  retarding  force,  as  a 
result  of  which  it  decelerates  at  a  rate 

a  =  -kyfv 

where  v  is  the  instantaneous  velocity  and  k  is  a 
positive  constant.  The  time  T  taken  by  the  particle 
to  come  to  rest  is  given  by 

2\lu 

(a)  T  =  —  (b)  T  = 


(c)  T  = 


2  u 


3/2 


(d)  T= 


2  u 
k 

2  it2 

k 


68.  A  particle  starts  from  rest.  Its  acceleration  at  time 
?  =  0  is  5  ms~2  which  varies  with  time  as  shown 
in  Fig.  2.21.  The  maximum  speed  of  the  particle 
will  be 

(b)  1 5  ms~’ 


(a)  7.5  ms 
(c)  30  ms~' 


(d)  2.5  ms 


|  IIT,  2004 
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69.  Figure  2.22  shows  the  variation  of  velocity  (v)  of 
a  body  with  position  (x)  from  the  origin  O.  Which  of 
the  graphs  shown  in  Fig.  2.23  correctly  represents  the 
variation  of  the  acceleration  (a)  with  position  (*)? 


Fig.  2.23 

<  IIT,  2005 

70.  The  velocity  (v)  of  a  body  moving  along  the  postive 
x-direction  varies  with  displacement  (x)  from  the 
origin  as  v  =  k  4x  ,  where  k  is  a  constant.  Which  of 
the  graphas  shown  in  Fig.  2.24  correctly  represents 
the  displacement-time  ( x  —  t )  graph  of  the  motion? 


71.  Figure  2.25  shows  the  acceleration  -  time  (a  —  t) 
graph  of  a  body  moving  in  a  straight  line.  Which 
graph  in  Fig.  2.26  shows  the  velocity  -  time  (v  -  t) 
of  the  motion  of  the  body?  Assume  that  x  =  0  and 
v  =  0  at  t  =  0. 


<  IIT,  2006 


Fig.  2.26 

72.  In  Q.  71,  the  displacement  of  the  body  in  the  inter¬ 
val  t  =  2s  to  t  =  4s  is 

(a)  2  m  (b)  -  2  m 

(c)  4  m  (d)  -  4  m 

73.  A  particle  of  mass  m  moving  with  initial  velocity  u 
enters  a  medium  at  time  t  =  0.  The  medium  offers 
a  resistive  force  F  =  kv  wher  A:  is  a  constant  of  the 
medium  and  v  is  the  instantaneous  velocity.  The 
velocity  of  the  particle  varies  with  time  t  as 


(a) 

kt 

(b) 

kt 

v  =  u  +  — 

v  =  u - 

m 

m 

(c) 

—kt/m 

v  =  ue 

(d) 

kt/m 

v  =  ue 

74.  In  Q.73,  the  position  x  of  the  particle  varies  with 
time  t  as  (assume  that  x  =  0  at  t  =  0) 


Fig.  2.24 
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(c) 

43.  (a) 

44.  (d) 

45. 

(C) 

49.  (d) 

50.  (c) 

51. 

(C) 

55.  (a) 

56.  (d) 

57. 

(C) 

61.  (c) 

62.  (a) 

63. 

(d) 

67.  (a) 

68.  (b) 

69. 

(d) 

73.  (c) 

74.  (c) 

75. 

(a) 

SOLUTIONS 

1.  Let  h  be  the  height  of  the  tower  and  ?  be  the  time 
taken  by  the  ball  to  hit  the  ground.  Then 

h=\gr  (l) 

2 

and  h'=^g(t-  l)2 

-v  T  ,,  ,  9  h  16/7 

25  25 

16/7  i 

(2) 

From  Eqs.  (1)  and  (2),  we  get  /  =  5  s.  Therefore 

h  =  -  x  10  x  (5)2  =  125  m 
2 

2.  Let  /?  =  AB  be  the  height  of  the  tower  and  P  be  the 
highest  point  reached  (Fig.  2. 27). The  time  taken 
by  the  ball  to  go  from  B  to  P  =  4/2  =  2  s  and  the 
time  taken  to  go  from  A  to  P  =  8/2  =  4  s.  There¬ 
fore,  time  taken  by  the  ball  to  go  from  A  to  B  is 
?  =  4  -  2  =  2  s. 

If  1 1  is  the  velocity  of  projection,  then 

0  =  u  -  10  X  4  =>  u  =  40  ms 


l 


4. 

(b) 

5.  (d) 

6. 

(c) 

10. 

(b) 

11.  (c) 

12. 

(a) 

16. 

(c) 

17.  (b) 

18. 

(c) 

22. 

(b) 

23.  (c) 

24. 

(d) 

28. 

(d) 

29.  (b) 

30. 

(d) 

34. 

(c) 

35.  (c) 

36. 

(b) 

40. 

(b) 

41.  (b) 

42. 

(a) 

46. 

(c) 

47.  (b) 

48. 

(a) 

52. 

(c) 

53.  (a) 

54. 

(c) 

58. 

(a) 

59.  (a) 

60. 

(a) 

64. 

(b) 

65.  (a) 

66. 

(a) 

70. 

(c) 

71.  (c) 

72. 

(d) 

3. 


1  9 

/?  =  ut  +  -  gr 

1  7 

=  40  x  2  +  -  (-10)  (2)2 
=  60  m 

i  P 


Fig.  2.27 


Let  s  be  the  distance  between  A  and  B.  Then,  for  the 
first  car 


=  20/  +  -  x  1  x  t2  =  20?  +  -?2 
2  2 


For  the  second  car, 

s=  10?  +  ^  x  (2)  x  ?2  =  10?  +  ?2  (2) 

Equating  (1)  and  (2),  we  get  ?  =  20  s.  Using  this 
value  of  ?  in  either  ( 1)  or  (2)  gives  5  =  600  m. 


Motion  in  One  Dimension  2.17 


dv  dv  dx  dv 

4.  a  =  —  = - =  —-v 

dt  dx  dt  dx 

V  dv  =  a  dx  =  ic  -Jx  dx 

2  u 

J  v  dv  =  Ic  |  Vx  dx 

\  4/3 

j  ,  which  is  choice  (b). 
dv 

- =  v 

dt 

d 


x  = 


x4/3 

3  u 

Jk  J 

dv  dv  dx 

5.  a  =  —  = - =  v  — 

dx  dt  dx 


dt 

dv 

dx 


dx 


[ip  -  qxY2] 


=  \ip  ~  ^2) 1/2  x  (-  2 qx) 


-  qx 


[y  V  =  (p  -  qx2)m ] 


Hence  a  =  -  qx,  which  is  choice  (d). 

6.  The  acceleration  is 

dv  dv  dx  dv 
dx 


Given 


dt  dx  dt 
v  =  k  -Jx  .  Therefore 


=  v  ■ 


a  = 


kl 

2 


So  the  correct  choice  is  (c). 

7.  Given  v2  =  3x  +  4.  Comparing  with  v2  =  u 2  +  lax, 
we  have  u  =  4  which  gives  u  =  2  ms  . 

8.  Let  /|  be  the  time  during  which  the  car  accelerates. 
The  velocity  at  the  end  of  ?,  is 

v  —  u  +  atx  =  0  +  3?x  =  3 tx 

The  time  during  which  the  car  decelerates  is 
t2  =  (t  —  ?]  )  where  t  is  the  total  time  taken  for  the  car 
to  come  to  rest.  During  time  t2,  the  initial  velocity  is 
v  =  3  tx  and  the  final  velocity  is  zero.  Hence 
0=3  tx-  lt2 

=  3 tx  -  2(t  -  tj) 

=  5?j  -  It 

2  2  , 

=>  /,=  -/=-  x  15  =  6  s. 

5  5 

The  car  attains  the  maximum  velocity  at  the  end  of 

?!  after  which  it  decelerates.  Hence 

Umax  =  3?j  =  3  x  6  =  18  ms_1,  which  is  choice  (c). 


h  1 

9.  We  have  —  =  — 
2  2 


g  ( In  -  1 )  so  that  n 


Hence  h  is  given  by 


1  ,  1  1  f  h  , 

h=  ~  gn~=  ~g  t  -  +  1 


=  T  & 


r  h2  2 h  , 
— +  — +  1 


(h2  „ 

- 1-2  h  +  g 

U 

-2 


Simplifying  and  putting  g  =  10  ms  C  we  get 
h2-  60//+  100  =  0 
The  positive  root  of  this  quadratic  gives  h  -  58  m. 
Hence  the  correct  choice  is  (a). 

20 

10.  The  time  taken  by  ball  A  to  reach  ball  B  =  —  =  4  s. 

During  the  time  interval  0  to  6  s,  ball  A  covers  a 
distance  of  20  m  upto  ball  B  (which  takes  4  s)  and 
in  the  next  2  s,  it  covers  a  distance  of  4  ms~'  x  2  s 
=  8  m  in  the  opposite  direction. 

.'.  Net  displacement  =  20  m  -  8  m  =  12m 


.'.  Average  velocity  = 
choice  (b). 


12m 

6s 


=  2  ms  which  is 


11.  Suppose  we  choose  the  direction  from  south  to 
north  as  the  positive  direction.  Then  the  velocity 
of  the  train  moving  southwards  =  -  30  ms1 .  Veloc¬ 
ity  of  the  monkey  running  northwards  =  +  5  ms-1 . 
Therefore,  the  velocity  of  the  monkey  as  observed 
by  a  person  in  the  ground  =  -  30  +  5  =  -  25  ms-1. 
The  negative  sign  indicates  that  the  direction  of  this 
velocity  is  southwards.  Hence  the  correct  choice 
is  (c). 

12.  Speed  of  the  police  van  =  36  km  IT1  =  10  ms1. 
Since  the  gun  is  in  motion  with  the  van  and  the 
bullet  is  fired  in  the  direction  in  which  the  van  is 
moving,  the  net  speed  of  the  bullet  =  speed  of  the 
gun  (i.e.  van)  +  the  muzzle  speed  of  the  bullet  = 
10  +  140  =  150  ms1.  Now,  the  speed  of  the  thief’s 
car  =108  km  IT1  =  30  ms-1.  The  bullet  is  chasing 
the  thief’s  car  with  a  speed  of  150  ms~'  and  the 
thief’s  car  is  speeding  away  at  30  ms1.  Hence 
the  bullet  will  hit  the  car  with  a  speed  which  is 
the  relative  speed  of  the  bullet  with  respect  to  the 
car  =  150  -  30  =  120  ms-1.  Thus  the  correct  choice 
is  (a). 

13.  Let  us  suppose  that  cars  A  and  B  are  moving  in  the 
positive  x-direction.Then  car  C  is  moving  in  the 
negative  x-direction.  Therefore,  vA  =  +  36  kmh  1 
=  +  10  ms-1,  vB  =  +  54  km  IT1  =  +  15  ms-1  and  vc 
=  -  54  km  IT1  =  -  15ms_1.  The  relative  velocity  B 
with  respect  to  A  is  vBA  =  vB  -  vA  =1 5  -  10  =  5  ms-1 . 
The  relative  velocity  of  C  with  respect  to  A  is  vCA 
=  uc-zv1  =  -15-10  =  -25  ms~' .  At  time  t  =  0,  the 
distance  between  A  and  B  =  distance  between  A  and 
C  =  1  km  =  1 000  m.  The  car  C  will  cover  a  distance 
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AC  =  1000  m  and  just  reach  car  A  at  a  time  t  given 
by 

AC  1000  m 

t  =  - - 7  =  - ~r  =  40  S 

\vCA\  25  ms 

Car  B  will  overtake  car  A  just  before  car  C  does 
and  avoid  an  accident,  if  it  acquires  a  minimum 
acceleration  a  such  that  it  covers  a  distance  5  =  AB 
=  1000  m  in  time  t  =  40  s,  travelling  at  a  relative 
speed  u  =  vBA  =  5  ms-1.  Putting  these  values  in  rela¬ 
tion 

1  2 

s  =  ut  +  —  at 
2 

1  2 

We  get  1000  =  5x  40+  -  xax  (40)2 

which  gives  a  =  1  ms~2  which  in  choice  (a). 

14.  The  relative  speed  of  train  A  with  respect  to  train  B 
=  30  +  10  =  40  ms1.  The  minimum  distance  now 
is  given  by 

0  -  (40)2  =  2x4x5 

which  gives  s  =  200  m  which  is  choice  (b). 

15.  Since  the  bullet  returns  to  its  point  of  projection, 
its  net  displacement  is  zero. The  bullet  takes  5  s  to 
reach  the  maximum  height.  Therefore,  initial  speed 
(u)  of  the  bullet  is  ( v  final  velocity  =  0) 

«  =  gt=10x5  =  50  ms~'  directed  upwards.  The 
maximum  height  (/?)  attained  by  the  bullet  is  h 

1  7  1  7 

=  —  gt  =  —  x  10  x  (5)"  =  125  m.  Since  the  total 

2  2 

time  taken  by  the  bullet  to  return  to  the  point  of 
firing  is  10  s,  it  takes  5  s  to  attain  the  maximum 
height.  In  the  next  2  seconds,  the  bullet  falls  a  dis- 

1  7  1  , 

tance  of  sq  =  —  gt  =  —  x  10  x  (2)"  =  20  m.  Also 

2  2 

the  maximum  height  attained  =  125  m.  The  location 
of  the  bullet  after  7  s  will  be  the  same  as  that  after 
t  seconds,  where  t  is  the  time  taken  by  the  bullet  to 
rise  to  a  height  h  =  125  -  20  =  105  m.  This  value 
of  t  is  given  by 

1  7  1  7 

h  =  ut - gt  or  105  =  50/ - x  10  xr 

2  s  2 

or  t2-  lOt  +  21=0  or  (/-3)(/-7)  =  0 

which  gives  t  =  3  s  or  7  s.  Thus  the  correct  choice 
is  (c). 

16.  Since  the  initial  velocity  is  zero,  the  distance  trav¬ 
elled  in  the  first  time  interval  t  is 

1  ,  1  , 

s,  =  0  +  —  at  =  —  at 
1  2  2 

The  velocity  of  the  body  at  the  end  of  this  time  in¬ 
terval  is  v  =  0  +  at  =  at.  This  is  the  initial  velocity 


for  the  next  time  interval  t  during  which  the  body 
travels  a  distance. 


*2 


=  ut  +  ~  at' 1  =  at2  +  —  at' 2  =  —  at2  ( v  u  =  at) 
2  2  2 

s2  =  3  5t.  Thus  the  correct  choice  is  (c). 


17.  Here  vx  =  0  +  at  =  at  and  v2  =  vx  +  at  =  at  +  at  = 
2  at.  Therefore,  v2  =  2v1.  Hence  the  correct  choice 
is  (b). 

18.  Let  h  be  the  height  of  the  tower.  Then  h  = 

\  g(4)2  =  8g. 

2 

h 

The  time  t  taken  to  fall  through  —  =  Ag  is  given  by 
/7  1  1  2 
—  =  —  gt  or  Ag  =  —  gt2  or  t2  =  8  or  t  =  2^2  s. 

Thus  the  correct  choice  is  (c). 

19.  It  follows  from  Fig.  2. 1 2  that  from  0  to  5  s,  displace¬ 
ment  v  increases  linearly  with  time  t.  Therefore, 
velocity  v  is  a  positive  constant  between  t  =  0  and 
t  =  5  s.  Between  t=5s  and  t  =  15  s,  displacement 
remains  constant.  Therefore,  velocity  (v)  is  zero 
between  t  =  5  s  and  /  =  15  s.  Between  t  =  15  s  and 
t  =  20  s,  displacement  (x)  decreases  linearly  with 
time  ( t ).  Therefore,  velocity  (r>)  is  constant  but 
negative  between  t  =  15  s  and  t  =  20  s.  Hence,  the 
correct  choice  is  graph  (d)  in  Fig.  2.13. 

20.  Since  the  initial  velocity  of  the  stone  is  zero,  the 
total  time  taken  by  the  stone  to  hit  the  ground  is 
given  by 

1  ,  [2 h  \2  x  125 

“i*’  or'=i7=’l“ir'!‘ 

During  the  first  second,  the  stone  falls  a  distance  hx 
given  by 

h\  =  \  g(l)2=  f  =5m 

During  the  first  four  seconds,  the  stone  falls  a  dis¬ 
tance  h  given  by 


h  =  ~  g(4)2  =  8g  =  80  m 

.■.  Distance  h2  through  which  the  stone  falls  in  the 
last  (i.e.  fifth)  second 

=  125-80  =  45  m. 

Now  hxlh2  =  5/45  =  1/9.  Hence  the  correct  choice 
is  (a). 

21.  The  maximum  height  h  attained  by  the  bullet  is 
given  by 

it2 

v2  -  u2  =  -  2gh  or  h  =  —  (  v  v  =  0) 
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50  X  50 

or  h  =  -  =  125  m.  The  total  time  tak- 

2x10 

en  by  the  stone  to  attain  this  height  is  given 
u  50 

by  ?  =  —  =  —  =  5s.  During  the  first  second 

g  10 

( t  =  1  s),  the  stone  covers  a  distance  hx  given  by 

h,  =  ut -  —  gt2  =  50  x  1  —  —  x  10  x  (l)2  =  45  m 
1  2  2 
During  the  first  four  seconds  ( t  =  4s),  the  stone  cov¬ 
ers  a  height  h  given  by 

h  =  50  x  4  -  -  x  10  x  (4)2  =  120  m 
2 

Distance  travelled  by  the  stone  during  the  last 
(i.e.  fifth)  second  of  its  upward  motion  is  h2  =  125 
-  120  =  5  m.  Hence  hxlh2  =  45/5  =  9.  Hence  the 
correct  choice  is  (a). 

22.  The  distance  covered  in  the  nth  second  is  given  by 

,  1 

s„  =  u  +  a  In - 

2 

,  „  n  7 

sA  =  u  +  a  4 - =  u  +  —ct 


or  40  =  u  +  —  x  10  or  u  =  40  -  35  =  5  ms 
2 

s6=5  +  10xf6-  —  1  which  gives 


s6  =  60  m.  v  7 

Thus  the  correct  choice  is  (b). 

23.  Now,  sn  =  u  +  a  i^n  —  2 j  .  Therefore, 

1  \  2 
30  =  5  +  u|3-  —  I  which  gives  a  =  10  ms  . 

sA  =  5+  101  4--  I  =  40  m 


and  s,  =  5  +  1 0  I  5  —  I  =  50m 


s  =  54  +  s5  =  40  +  50  =  90  m.  Thus  the  correct 
choice  is  (c). 

la  1 1  a 

24.  Given  40  =  u+  —  and  60  =  «  H - 

2  2 

These  equations  give  u  =  5  ms~’  and  a  =  10  ms~2. 
Thus  the  correct  choice  is  (d). 

25.  Since  the  initial  velocity  of  the  car  is  zero,  its  veloc¬ 
ity  at  the  end  of  the  first  time  interval  tx  is  v  =  0  + 
axtx  =  axtx.  This  is  the  initial  velocity  for  the  next 
time  interval  t2.  Since  the  final  velocity  is  zero,  we 
have,  from  v  =  u  +  at, 

0  =  ax  tx  -  a2  t2  ( v  u  =  ax  ?[) 


Now,  the  distance  covered  in  the  first  time  interval 
tx  is  given  by 

2axsx  =  v2  -  ic  =  a\t[  (  v  v  =  a  xtx  and  u  =  0) 
or  sx=^axtx  (i) 

The  distance  covered  in  the  next  time  interval  t2  is 
given  by 

-  2 a2  s2  =  0  —  a\  t\  (  v  v  =  0  and  u  =  axtx  now) 


or 


1  U\  2 

5,  = - L  ti  =  - 

2  2  a,1  2 


i  2  42 

1  a2  t2 


(•••  a\h  =  aih) 


or  s2  =  -  a,/,  (ii) 

2  _  2  .2 

s ,  a,  t\  a,  ax  t , 

From  (i)  and  (ii)  we  get  —  =  -  - - 


a i  t 


2  ‘ 2 


„  2  .2 
a2  t2 


(•••  axtx  =  a2t2) 


Thus  we  have  —  =  —  =  —  which  is  choice  (d). 


26.  Average  speed  = 


total  distance  +  .S' 


total  time 


h  +t2 


1  2  1  2 

As  shown  above,  sx  +  s2  =  —  axtx  +  —  a2t2 

=  ^  a\h  +  h)  ('•'  a\t\  =  <*2*2) 


Average  speed  = 


2  a\  (?i  +  h ) 

(h  +h) 


1  _  1 

“  2  ath  ~  2  a2{2 

Hence  the  correct  choice  is  (a). 

27.  The  maximum  speed  v  attained  by  the  car  =  speed 
it  attains  at  the  end  of  time  interval  tx  during  which 
it  is  accelerated.  As  shown  above,  this  speed  is 
v  =  axtx  =  a2t2. 

1  2  v2 

Now  =  —  ax  t  j  =  -  ( v  v  =  axtx) 

2  2ax 


1  2  v 

and  s2=  -  a2t2=  — 
2  za2 

.,2  / 


('••  v  =  a2t2) 


s=sx+s2  = 


1  1 


or  v  = 


2s. 


ax  a2 


- 1 - 

k«l  a2  1 

— il  /  2 


ax+a2  J 
Hence  the  correct  choice  is  (a). 
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28.  The  distance  s{  covered  by  the  car  during  the  time 
it  is  accelerated  is  given  by  2as{  =  v2,  which  gives 
Sj  =  v  12  a.  The  distance  s2  covered  during  the  time 
the  car  is  decelerated  is,  similarly  given  by  s2  = 
ir/2/J.  Therefore,  the  total  distance  covered  is 
y2f  1  1 

S  =  Sj  +  S',  = 


V 

~2 


+ 

v«  P 


(i) 


If  tl  is  the  time  of  acceleration  and  t2  that  of  decel¬ 
eration,  then  v=  at x  =  pi2  or  t]  =  v/a  and  t2  =  v/fi. 
Therefore,  the  total  time  taken  is 


t  =  t\  +  t2  =  v 


fi  o 


(ii) 


- 1 - 

v«  Pj 

From  (i)  and  (ii),  the  average  speed  of  the  car  is 
given  by 

total  distance  s  v 


total  time 


Hence  the  correct  choice  is  (d). 

29.  Squaring  both  sides,  we  have 

x  =  12 1  +  At2  +  9 

Since  displacement  x  changes  with  time  t,  the  body 
cannot  be  at  rest.  The  velocity  of  the  body  is  given 
by 

dx 

v  =  —  =12  +  8 1 
dt 

Since  the  velocity  v  changes  with  time  t,  the  body 
is  not  in  uniform  motion;  it  is  accelerated  because 
v  increases  with  t.  Hence  the  correct  choice  is  (b). 

30.  We  have  seen  that  v  =  12  +  8fi  Comparing  it  with  v 
=  u  +  at  we  find  that  u  =  12  ms1.  Hence  the  correct 
choice  is  (d). 

31.  Now  v  =  12  +  8 1.  Comparing  it  with  v  =  u  +  at,  we 
find  that  a  =  8  ms-2.  Alternatively,  acceleration  a  is 
given  by 

dv  d  „  , 

‘8 

or  a  =  8  ms  2.  Hence  the  correct  choice  is  (d). 

32.  Since  the  initial  velocity  is  zero,  the  velocity  at 

the  end  of  the  first  time  interval  t  is  v  =  at.  The 

distance  covered  during  this  time  interval  is  Sj  = 

1  2  . 

—  at  .  Velocity  v  =  at  is  the  initial  velocity  for  the 

next  time  interval  t.  Therefore,  the  distance  trav¬ 
elled  in  the  next  time  interval  t  is 


a*  =  (nv)2/2s  =  n2v2/ 2s.  Thus  a*  =  n2a.  Hence  the 
correct  choice  is  (c). 


34.  The  first  ball  falls  for  tx  =  4  s.  During  this  time  it 

1  ,  l  , 

falls  a  distance  hl=  —  gt\=—  x  10  X  (4)“  =  80  m. 

2  2 

The  second  ball  falls  for  t2  =  3  s.  During  this  time 

.  ..  1  ",  1  , 

it  falls  a  distance  h2  =  —  gt  2  =  —  x  10  X  (3)  = 


45  m.  Their  separation  h1  -  h2  =  80  -  45  =  35  m. 
Hence  the  correct  choice  is  (c). 

35.  The  total  time  taken  by  the  bullet  to  reach  the  high¬ 
est  point  (where  its  velocity  becomes  zero)  is  given 
by  0  =  u  -  gt  or  t  =  u/g  =  50/1 0  =  5  s.  The  distance  it 
covers  in  the  first  1  second  of  its  upward  motion  is 

hl  =  ut - gt2  =  50  x  1  -  -  x  10  x  (l)2  =  50  -  5 

=  45  m.  2  2 


Now,  the  velocity  of  the  bullet  at  the  end  of  first 
2  seconds  is  v  =  u  -  gt  =  50  -  10  x  2  =  30  ms-1. 
This  is  the  initial  velocity  for  the  last  3  seconds  of 
upward  motion.  The  distance  covered  in  the  last  3 
1  2 

seconds  is  h2  =  30  x  3  -  —  x  1 0  x  (3)"  =  90  -  45  = 

45  m.  Thus  hx  =  h2,  which  is  choice  (c). 

36.  From  v  =  u  +  gt,  we  have  3 u  =  u  +  gt  or  2 u  =  gt  or 
t  =  2 u/g.  Hence  the  correct  choice  is  (b). 

37.  From  2gh  =  v2-  u2,  we  have  2gh  =  (3m)2  -  u2  =  8m2 
or  h  =  Air/g.  Hence  the  correct  choice  is  (d). 

38.  The  total  distance  covered  in  order  to  cross  the  plat¬ 
form  is  s  =  length  of  train  +  length  of  platform  = 
150  +  300  =  450  m.  For  this  distance  the  initial 
speed  is  u  =  40  ms-1  and  the  final  speed  is  v  =  50 
ms~' .  Now,  from  v2  -  u 2  =  2 as,  we  have  (50)2  - 
(40)"  =  2 a  x  450  which  gives  a  =  1 .0  ms~2  which  is 
choice  (c). 

_2 

39.  We  have  seen  above  that  a  =  1.0  ms  .  Now,  using 
the  relation,  v  =  u  +  at,  we  have  50  =  40+1  xt  or  t 
=  10  s.  Thus  the  correct  choice  is  (c). 

dV(t) 

40.  Given  — - —  =6.0-3  V(t)  (i) 

dt 


Since  at  t  =  0,  V(0)  =  0  (given),  the  acceleration  at 
t  =  0  is 


a(0) 


dV(t ) 


dt 


t= o 


=  6.0 


0  =  6.0  ms  2 


2  1  2  3  2 

Sj  =  ar  +  —  at  =  —  at 
2  2  2 

Thus  s2  =  3  Sj.  Hence  the  correct  choice  is  (c). 

33.  The  distance  over  which  the  car  can  be  stopped  is 

given  by  2  as  =  v2  or  a  =  v2/2s.  If  v  becomes  nv,  the 

* 

value  a  of  a  to  stop  the  car  in  the  same  distance  is 


Thus  the  correct  choice  is  (b). 

41.  Differentiating  V(t)  with  respect  to  t  given  in  each 
choice,  we  find  that  choice  (b)  gives  the  given  ex¬ 
pression  for  dV(t)/dt. 


dV  ( t ) 
dt 
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=  6-6(1-  A3')  =  6 -  3V(t) 

•••  V(t)  =  2(l-e-it)  (ii) 

42.  The  acceleration  will  be  half  the  initial  value,  i.e. 
it  will  be  equal  to  6.0/2  =  3.0  ms-1  at  time  t  *  given 
by  [use  Eq.  (i)] 

3.0  =  6.0 -3  V(t*)  or  V(t*)=  1 
or  2(1  -  e ~3'*)  =  1  or  e~y*  =  0.5 
or  -3 1*  In  e~l  =  In  (0.5)  or  -  3 1*  =  —  0.693 

or  t  =  0.231  s 

Putting  this  value  of  t  in  Eq.  (ii)  we  have 

V  at  t  =  0.231  s  =  2(l  -c^3x0'231) 


=  2(1  -  e  °'693)  =  2(1  -  0.5)  =  1.0  ms1 


Which  is  choice  (a). 

43.  Up  to  the  first  6  seconds,  the  positions  of  the  two 
stones  are  given  by 


and 


1  ,2 

Xi  =  u,t~  —  gt 
2 

*2  =  »2 1~  ~ 


( g  is  negative) 


Subtracting  we  get  the  separation  between  the  two 
stones: 


Ax  =x2  —  x1  =  (ll 2  -  U\)t 

Since  (x2  —  Xj)  varies  linearly  with  t,  the  graph  is  a 
straight  line  upto  /  =  6  s. 

At  t  =  6  s,  the  first  stone  hits  the  ground  and  stops 
there.  Elence  at  6  s,  Xj  =  0;  so  we  have  for  time 
between  6  s  and  10  s. 


Ax  =  x2  —  Xj 


gt 


2 


Thus  (x2  -  x,)  versus  t  graph  is  not  linear;  it  is  a 
curve. 

Now  at  t  =  10  s,  Ay  =  0,  therefore 


0=  10m,  -  i  xgx(10)2 

or  m2  =  5g  =  50  ms-1 

Hence  Ax  =  50?  -  5r.  Graph  (a)  represents  this  time 

variation. 


44.  Since  the  body  is  at  rest  at  t  =  0,  u  =  0.  Now  from 
t  =  0  to  t  =  2  s,  acceleration  a  =  +  3  ms~2.  Therefore, 
during  this  time  interval  (i.e.  from  t  =  0  to  t  =  2  s), 
the  velocity  of  the  body  is  v  =  0  +  at  or  v  =  3t.  Thus 
at  t  =  1  s,  v  =  3  ms-1  and  at  t  =  2  s,  v  =  6  ms~* .  Hence 
from  t  =  0  to  t  =  2  s,  the  velocity-time  graph  is 
linear  with  a  positive  slope  =  +  3.  Portion  AB  of 
graph  (d)  represents  this. 

For  the  next  time  interval  from  t  =  2sto/  =  4s,  the 

—2 

acceleration  a  =  -3ms  .For  this  time  interval,  the 
initial  velocity  u  =  velocity  at  the  end  of  the  first 


time  interval  =  6  ms  \  Therefore,  velocity  in  the 
time  interval  from  t  =  2sto?  =  4sis  given  by 

v  =  u  +  at  =  6  -  3? 


Therefore,  velocity  at  t  =  3  s  (i.e.  1  s  after  t  =  2  s) 
=  6-  3x1  =  3  ms-1  and  velocity  at  t  =  4  s  (i.e. 
2  s  after  t  =  2  s)  =  6-  3x2  =  0.  The  slope  of  the 
velocity  time  graph  from  t=2stot  =  4sis  nega¬ 
tive  =  -  3 . 

The  graph  is  again  linear  but  its  slope  is  negative 
=  -  3.  This  is  represented  by  the  portion  BC  in 
Fig.  2.9(d).  Hence  the  correct  choice  is  (d). 

45.  As  shown  above,  the  velocity  of  the  body  in  time 
interval  f=2sto?  =  4sis  given  by  v  =  6  -  3t. 

At  t  =  2.5  s  (i.e.  0.5  s  after  2.0  s),  v  =  6  -  3  x  0.5 
=  4.5  ms1.  Hence  the  correct  choice  is  (c). 

46.  The  distance  covered  =  area  under  the  velocity  time 
graph  from  t  =  0tof  =  4s  =  area  of  triangle  ABC  in 
Fig.  2.16(d) 


=  2  x  area  of  triangle  ABD 

=  2  x  —  BD  xAD  =  BD  x  AD  =  6  ms-1  x  2  s  =  12  m 
2 

Hence  the  correct  choice  is  (c). 

47.  Since  the  motion  of  the  body  is  accelerated,  the  ( x-t ) 
graph  of  the  motion  cannot  be  linear;  it  is  curved. 
Hence  graph  (a)  in  Fig.  2.17  is  wrong.  Between 
t  =  0  s  and  t  =  2  s,  the  motion  is  accelerated,  i.e.  the 
velocity  is  increasing  with  time.  Therefore,  from 
f  =  0sto?  =  2s,  the  slope  of  the  graph  must  increase 
with  t.  Portion  AB  in  Fig.  2.17  (d)  is  incorrect 
because  the  slope  is  decreasing  with  time.  Hence 
graph  (d)  is  also  incorrect.  From  t  =  2stof  =  4s, 
the  motion  of  the  body  is  decelerated.  Therefore, 
the  slope  of  the  graph  must  decrease  with  time. 
In  portion  BC  of  graph  (c),  the  slope  is  increasing 
with  time.  Thus  graph  (c)  is  also  wrong.  The  correct 
choice  is  graph  (b). 

48.  Let  the  total  distance  be  2  s  and  let  tx  and  t2  be 
the  times  taken  to  traverse  the  first  half  and  the 
second  half  of  the  distance  respectively.  Then 
tl  =  s/V.  For  the  second  half  of  the  distance,  the 

t2 

distance  Sj  covered  in  time  ~r  with  speed  V  is  sq 

/,  2  t2 

=  V  —  and  the  distance  s,  covered  in  time  —  with 


speed  V'  is  s 2  =  V"  — ,  so  that 


s  =  5,  +  s2  =  V'  —  +  V"  — 


=  (V'+  V") 


1 2 
2  ’ 


which  gives 
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2s 

t2~  (V'  +  V") 

s  2s 

Total  time  taken  =  t+t2  =  - — l - - - 

2  V  V'  +  V" 

s(2V  +  V'  +  V") 
V(V'+V") 

TT  ,  total  distance 

Hence,  average  speed=  - 

total  time 

_  2 sxV(V'  +  V")  _  2V(V'  +  V ") 

~  s(2V  +  V'  +  V")  ~  (2V  +  V'  +  V") 

Thus,  the  correct  choice  is  (a). 

49.  Let  the  total  distance  be  S.  The  time  taken  to  travel 
e 

the  first  half,  i.e.  —  is 
2 

S/2  S 


Let  t2  be  the  time  taken  to  cover  a  distance  S{  with 
speed  4.5  m/s  and  /3  that  to  cover  distance  S2  with 
speed  7.5  m/s. 

Then  S,  =  4.5  t2  and  S2  =  7.5  t3 
5 

Now  Sx+  S2  =  —  and  t2  =  t3  (given). 

5 

Therefore  —  =  Sl  +  S2  =  (4.5  +  7.5 )t2  or 
_  S_ 
t2  ~  24  ' 

S  S  5  S 

Total  time  taken  t  =  t,  +U  =  — l - =  — 

1  2  6  24  24 

total  distance  S 

Average  Speed  ‘  total  time  "  IsTS 

24 

=  —  =4.8  m/s 

Hence  the  correct  choice  is  (d). 

50.  Motion  corresponding  to  graph  (z)  cannot  be  re¬ 
alised  because  if  we  draw  a  line  parallel  to  the 
rz-axis,  the  body  will  have  two  different  veloci¬ 
ties  at  a  given  value  of  t,  which  is  not  possible. 
Graph  (Hi)  is  also  not  possible  because  at  some 
values  of  t,  the  graph  is  parallel  to  the  iz-axis  which 
correspond  to  infinite  acceleration.  Motions  cor¬ 
responding  to  graphs  (z'z)  and  (z'v)  are  possible  in 
nature.  Hence  the  correct  choice  is  (c). 

51.  For  the  stone  dropped  with  zero  initial  velocity,  we 
have 

h=\  St 2  (0 

For  the  stone  thrown  upwards  with  velocity  u,  we 
have 


1  2 

h=-utl+~gtl  (n) 

For  the  stone  thrown  downwards  with  velocity  u, 
we  have 

1  9 

h  =  ut2  +  ~  gt  (m) 

Notice  that  the  displacement  of  the  stone  in  the 
three  case  is  the  same,  equal  to  h.  Using  (i)  in  (ii) 
and  (iii)  we  have 

1  9  1  2  1  2  1  7 

-  gt~=  -  utl  +  -gt  1  =>  utl  =  -gtx  -  -  gt 

and  ^  gt2=  ut2  +  ^ gt2  =>  ut2=  ^  gt2  -  ^ gt\ 
Dividing  the  two  equations,  we  have 


which  gives  t  =  •  Hence  the  correct  choice  is 

(c). 

dx  9 

52.  Velocity  is  v  =  —  =  a  +  2 bt  -  3ct  (i) 

dt 

d2  x 

Acceleration  is  a  =  — =2b  —  6 ct 
dt 2 

Acceleration  is  zero  at  time  t  given  by  0  =  2 b-  6 ct 
b 

or  t  =  —  .  Putting  this  value  of  t  in  Eq.  (i). 

3c 

b  b2  b2 

We  have  v  =  a  +  2b - 3c  x  — -  -  a  - 1 - 

3c  9c2  3c 

Thus,  the  correct  choice  is  (c). 

53.  The  velocity  at  a  height  h  is  given  by  v2  =  u 2  +  2 gh. 
For  downward  motion,  u  =  0  and  the  value  of  g 
is  negative  and  h  becomes  more  and  more  nega¬ 
tive.  Hence  v2  increases  with  h.  Since  the  velocity 
vector  is  directed  downwards,  v  becomes  more  and 
more  negative.  Since  v  h,  the  graph  of  v  versus 
h  is  parabolic.  Hence  graphs  (c)  and  (d)  are  wrong. 
For  upward  motion,  v2  =  u2  +  2 gh.  Here  g  is 
directed  downwards  and  h  is  positive.  Consequent¬ 
ly,  v2  decreases  with  /?.  Since  the  direction  of  the 
velocity  vector  is  positive,  v  becomes  less  and  less 
positive.  Here  also  the  variation  of  v  with  h  is  para¬ 
bolic.  Since  v  becomes  less  and  less  positive,  graph 
(b)  is  not  correct.  Hence  the  correct  choice  is  (a). 

54.  Let  t [  be  the  time  during  which  the  car  has  an  accel¬ 
eration  ax=  5  ms4  and  t2  be  the  time  during  which 

—2 

the  car  has  a  deceleration  a2  =  -  10  ms  .  Since  the 
car  starts  from  rest,  the  maximum  speed  attained 
by  the  car  v  =  0  +  axtx  =  altl.  For  time  interval,  t2 
this  v  is  the  initial  speed  and  the  final  speed  is  zero. 
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Therefore,  0  =  v  -  a2t2  or  v  =  a2t2.  Thus  al  tl  = 
a2  t2  or  tx/t2  =  a2/ax  =  10/5  =  2  or  tx=  2 12.  Using 
tx  +  t2  =  6,  we  get  tx  =  4  s  and  t2  =  2  s. 

55.  The  distance  moved  in  tx  =  4s  is 

1  2 

sx  —  0  x  +  ax  rx 


The  distance  moved  in  t2  =  2s  is 


1 


S~)  vt2  ^  ci2  1 2 


56.  Differentiating  2x2  +  3 x  =  t  with  respect  to  t  we 
have 


dx 


dx  3  dx 

4x  —  + -  =1 

dt  dt 


(i) 


Now  —  =  v.  Therefore,  4xv  +  3v  =  1  or  4x  +  3  =  Hv. 
dt 

Differentiating  Eq.  (i)  with  respect  to  time  t,  we 
have 

/  J,.\2  j2„  j2__ 


(ii) 


4  — 
V  dt , 

+  4x  — —  +  3  — y  =  0 
I  dt 2  dt 2 

or 

4v2  +  4 xa  +  3a  =  0 

or 

4v 

a  = - 

4x  +  3 


d~x 

where  a  =  — y  is  the  acceleration.  But  4x  +  3  =  l/v. 
dt2 

Using  this  in  Eq.  (ii)  we  get  a  =  -  4v3. 

57.  Given,  x2  =  t2  +  2t  +  3.  Differentiating,  we  have 

dx  dx 

lx  —  =  2t  +  2  or  x  —  =  t  +  1  (i) 

dt  dt 

Differentiating  again,  we  have 


dx\"  d~x 

—  \  +  X  - y  =  1 . 

dt 2 


dt J  '  ^ 2 


or 


2  f  tdx  \  3  2 

x  |  —  |  +  x  a  =  x 
dt 


d~x 


(ii) 


Where  a  =  — j-  is  the  acceleration.  Using  (i)  in  (ii) 
we  have  ^ 


or 


(t  +  1  )2  +  x3  a  =  x2 
l2  +  2 1+\+  x3a  =  v2 


(iii) 


But  it  is  given  that  x2  =  t2  +  2t  +  3.  Using  this  in 
Eq.  (iii)  we  get  a  =  2 lx3. 

/  \2  /  \2  2  2  c  2 

(  U  )  U  )  U  U  5  U 

*. -?*<*- (3j  -y  ® 

-  28(«o  -  ("Y  -  X  -  -  "d  —  Zftl  (a, 

UJ  uj  16  9  144 

Divide  (i)  by  (ii). 


59.  We  know  that 


h  =  ut-  ~  gt2 


2  2  u  2/7 

or  r - 1  +  —  =0 

g  g 

The  roots  of  this  quadratic  equation  are  tx  and  t2. 

2  u 

The  sum  of  the  roots  is  t,  +  t2  =  —  . 

g 

2/7 

60.  Product  of  roots  is  tx  t2  =  — 

g 

61.  The  time  tx  taken  by  the  body  to  strike  the  inclined 
plane  is  given  by 


h 


2 (H  -  h) 
g 


The  time  t2  taken  by  the  body  to  reach  the  ground 
after  striking  the  plane  is 
[2 h 
h  ~  *1 


Total  time 


g 

t=  h  +  t2  = 


2{H-h)  2/7 

g  +  V  g 


dt 


Time  t  will  be  maximum  if  —  =  0,  i.e.  if 

dh 


d_ 

dh 


2  (H-h)  12  h 


g 


or 


--(H -hyV2  +-h~112 
2  2 


=  0 

=  0 


1 


1  H 

or  i  ,  =  —j=  or  H  -  h  =  h  or  h  =  —  . 
sIH-h  dh  2 

62.  Initial  velocity  on  entering  water  is  u  =  yj2gh  ■ 

„„„  .  ...  .  g(p-p') 

Enective  retardation  in  water  is  geff  =  ~  . 

For  maximum  depth,  final  velocity  v  =  0. 

Find  the  maximum  depth  x  from  the  relation 

v  —  u  =  2  geffX 

63.  If  h  is  the  total  distance  travelled  in  n  seconds, 
then 

1  2 

h  =  ~  gn 

In  the  last  second,  i.e.  (n  -  l)th  second,  the 
h  1  2 

distance  fallen  is  /?'  =  —  =  —  gn". 

1  7  1  2 

Hence  —  g(n  —  1)"  =  h'  =  —  gn~ 

or  772  —  4n  +  2  =  0 

The  positive  root  of  this  equation  gives  the  required 

value  of  n. 
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64.  Average  velocity  = 


not  displacement  AB 


time  t 

65.  For  the  body  of  mass  mx,  we  have 

u  ~ 

h  =  — 

2  g 

For  the  body  of  mass  m2,  if  S  is  the  maximum 
distance  travelled  along  the  incline  then 
v2  -  u2  =  2  aS 

Now,  when  S  is  maximum,  v  =  0.  Also  a  =  -  g 
sin  6  =  -  g  sin  30°  =  -y . 

66.  Given  t  =  Vx  +  3.  Squaring,  we  have 

x  =  t2  -  6t  +  9  (i) 

dxd 

velocity  v=  —  =  ~r  (r  -  6t  +  9)  =  2  t  -  6  (ii) 
dt  at 

Find  t  from  Eq.  (ii)  when  v  =  0.  Use  this  value  of  t 
is  Eq.  (i). 

67.  Given  a  =  —  k  Vy  or 


v  1/2  dv  =  -  k  dt 


dv  i — 

—  =-kdv  .  Thus 
dt 


Integrating,  we  get  2v112  =  -  kt  +  c.  Using  the 
given  initial  condition  (v  =  u  at  t  =  0),  we  get 

c  =  2 yfii  .  Thus,  we  have 

2  (z?1/2  -M1/2)  =-to 

Now,  use  t=T  and  v  =  0. 

,  ,  5  _2 

68.  The  slope  of  the  line  is  m  =  -  —  ms  per  second 

6 

and  its  intercept  is  c  =  5  ms~2.  Using  y  =  mx  +  c, 
the  acceleration  a  (in  ms~2)  as  a  function  of  time  t 
is  given  by 

5 

a  = - t  +  5 

6 


or 


or 


or 


dv  5 

~~r - t  +  5 

dt  6 


v  = 


Jo(-f  +  5}" 


5  ~> 

v  = - t  +  5t  +  k 

12 


(1) 


where  k  is  the  constant  of  integration.  Since  the 
particle  starts  from  rest,  v  =  0  at  t  =  0.  Using  this  in 
(1 )  we  get  k  =  0.  Hence 


5  2  , 

v  = - t  +  5 1 

12 


(2) 


It  follows  from  the  graph  that  the  deceleration 
becomes  zero  at  t  =  6  s.  Hence,  the  speed  of  the 
particle  will  be  maximum  at  t  =  6  s.  Putting  /  =  6s 
in  Eq.  (2),  we  have 

Vax  =  -  ^  X  (6>“  +  5  X  6 

=  -15  + 30  =15  ms-1 
Hence  the  correct  choice  is  (b). 

v 

69.  The  slope  of  the  given  v  versus  x  graph  is  m  =  — - 

+o 

and  intercept  is  c  =  +  v0.  Hence  v  varies  with  x  as 


v  =  — 


x  +  v. 


0 


(1) 


where  v0  and  x0  are  constants  of  motion.  Differen¬ 
tiating  with  respect  to  time  t,  we  have 


dv 

dt 


(rn  \ 


\xo  J 

f-n.  \ 


dx 

dt 


or 


a  = 


\XQj 

Using  Eq.  (1)  in  Eq.  (2),  we  get 


(2) 


(  V  \ 

- -X  +  Vq 

Uo) 

V  x0  J 

f  v  h2 
vo 


or 


x  — 


v-*oy 


Thus  the  graph  of  a  versus  x  is  a  straight  line 


having  a  positive  slope  = 


/G,  A 


Vxo  J 


and  negative 


intercept  =  —  .  Hence  the  correct  choice  is  (d). 

x0 

70.  Given  v  =  k  \fx  =5  v2  =  k2x.  Differentiating,  we 
have 


dv  dx  , 

2v  —  =  kr  —  =  lev 
dt  dt 


dv  k 
dt  2 

jdv  =  ~z~\dt 


v  v  =  ■ 


dx 

dt 


k2t 


v  = 
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dx 

dt 


k~t 


jdx  =  —jtdt 


k\2 
x  =  V 


Thus  x  r.  Hence  the  correct  choice  is  (c) 

-3  3  _2 

71.  Slope  of  a  -  t  graph  is  m  =  —  =  —  ms  “  per  s. 

_2 

Intercept  c  =  -3  ms  .  Therefore,  the  equation  of  the 
line  is 


a  =  —t  -  3 
2 

*•4.-3 

dt  2 


=>  dv  =  f  -  3jc/i 
Integrating 

)dv  =  jflr-3V 


3r  „  3 1,  AS 

=>  V  =  —-3t  =  —(t-4) 

4  4 

Thus  v  =  0  at  t  =  4s  and  v  —  t  graph  is  a  parabola.  So 
the  correct  choice  is  (c). 

„  dx  3 12 

72.  —  = - 3 1 

dt  4 


=>  dx  = 

Integrating 


f3t2 


-3 1 


dt 


3 

J  dx  =  —^t2dt-3^tdt 


3 

x  —  — 

4 


-3 


=  — [43  -  23]  -  — [42  -  22]  =  -  4m 
4  2 


So  the  correct  choice  is  (d). 

„  .  ,  F  kv 

73.  Acceleration  a  = - = - 


m 

dv  _  k 

dt  m 

dv  k  , 

—  = - dt 

V  m 


m 


Integrating 


K=  -- 

m 


In 


kt 

m 

-kt/m 


74. 


=>  v  =  ue 

So  the  correct  choice  is  (c). 

-  fe/m 


—  =  t/e 
dt 

j  -  kt/m  r, 

ax  =  ue  dt 


Integrating 


=  «J 


x  =  u 


-kt/m  i, 

e  dt 


-kt/m 


—  k/m 


WIU  _  kt/m  \ 

x=  —  (1-e  ) 

k 

Hence  the  correct  choice  is  (c). 
u 

75.  Putting  17  =  —  in  Eq.  (1)  we  get 


-  =  ue-ktlm 
2 


or 


1  -  kt/m 

—  =  e 

2 

ln(2)  =  —  = 

m 


kt/m 


2  =  e 


t  =  —  ln(2), 
k 


which  is  choice  (a). 


(i) 


2.26  Comprehensive  Physics — JEE  Advanced 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  At  time  t  =  0,  a  bullet  is  fired  vertically  upwards 
with  a  speed  of  98  ms-1.  At  time  t  =  5  s  (i.e. 
5  seconds  later)  a  second  bullet  is  fired  vertically 
upwards  with  the  same  speed.  If  the  air  resistance 
is  neglected,  which  of  the  following  statements  will 
be  true? 

(a)  The  two  bullets  will  be  at  the  same  height 
above  the  ground  at  t  =  12.5  s. 

(b)  The  two  bullets  will  reach  back  their  starting 
points  at  the  same  time. 

(c)  The  two  bullets  will  have  the  same  speed  at 
t  =  20  s. 

(d)  The  two  bullets  will  attain  the  same  maxi¬ 
mum  height. 

2.  The  ratios  of  the  distances  covered  by  a  freely 

falling  particle,  starting  from  rest,  in  the  first, 
second,  third, . ,  nth  seconds  of  its  motion 

(a)  form  an  arithmetic  progression 

(b)  form  the  series  corresponding  to  the  squares 
of  the  first  n  natural  numbers 

(c)  do  not  form  any  well  defined  series 

(d)  form  a  series  corresponding  to  the  differ¬ 
ences  of  the  squares  of  the  successive  natural 
numbers 


3. 


The  displacement  x  of  a  particle  varies  with  time 

a  /i  -bt  \ 

according  to  the  relation  x  =  —  1  -  e  I .  Then 

b '  ' 


(a)  At  t  =  Mb,  the  displacement  of  the  particle 
is  nearly  (2/3 )(a/b) 

(b)  The  velocity  and  acceleration  of  the  particle 
at  t  =  0  are  a  and  -  ab  respectively 

(c)  The  particle  cannot  reach  a  point  at  a  distance 
x'from  its  starting  position  if  x'  >  a/b 

(d)  The  particle  will  come  back  to  its  starting 
point  as  t  — >  °° 

4.  A  bullet  is  fired  vertically  upwards.  After  10 
seconds  it  returns  to  the  point  of  firing.  Which 
of  the  following  statements  are  correct?  Take 
g  =  10  ms~2. 

(a)  The  net  displacement  of  the  bullet  in  10  s  is 
zero 

(b)  The  total  distance  travelled  by  the  bullet  in 
10  s  is  250  m 

(c)  The  rate  of  change  of  velocity  with  time  is 
constant  throughout  the  motion  of  the  bullet 


(d)  The  bullet  is  fired  at  an  initial  velocity  of 
50  ms-1  directed  vertically  upwards. 

5.  Two  bodies  of  masses  ml  and  m2  are  dropped  from 
heights  h  j  and  h2  respectively.  They  reach  the 
ground  after  time  tl  and  t2  and  strike  the  ground 
with  speeds  v±  and  v2  respectively.  Choose  the 
correct  relation  from  the  following: 


6.  Which  of  the  velocity-time  ( v-t )  graphs  shown  in 
Fig.  2.28  can  possibly  represent  one-dimensional 
motion  of  a  particle? 


(a)  (b) 


Fig.  2.28 

7.  Two  balls  of  different  masses  are  dropped  from  the 
same  point  at  the  same  time.  If  the  air  resistance 
is  neglected  and  the  value  of  g  remains  constant, 
which  of  the  following  statements  are  true? 

(a)  The  heavier  ball  reaches  the  ground  before 
the  lighter  one  does. 

(b)  Both  balls  reach  the  ground  at  the  same 
time 

(c)  The  heavier  ball  hits  the  ground  with  a  higher 
speed 

(d)  Both  balls  reach  the  ground  with  the  same 
speed 
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8.  A  body  is  dropped  from  the  top  of  a  tower  of  height 
h.  Its  covers  a  distance  hi 3  in  the  last  second  of  its 
motion.  If  g  =  10  ms”2,  how  long  does  it  take  to 
reach  the  ground? 

(a)  (2  +  VJ  )s  (b)  (2  -  V3  )s 

(c)  (3  +  V6  )s  (d)  (3  -  V6  )s 

9.  A  particle  initially  (i.e.  at  t  =  0)  located  at  x  =  0 
moves  along  the  positive  x-direction  under  the 
action  of  a  force.  The  velocity  of  the  particle  varies 
with  x  as 

v  =  k\fx 

where  k  is  a  constant.  Then 


(a)  the  displacement  x  varies  with  time  t  as  x  = 


;  2.2 

k  t 


4  ' 

(b)  the  velocity  v  varies  with  time  t  as  v  = 

k2 

(c)  the  acceleration  of  the  particle  is  —  . 


k2t 

~2' 


(d)  the  distance  s  travelled  by  the  particle  in  time 

„  .  k2T 2 
T  is  s  =  - . 

4  _ 

<  IIT,  1993 


10.  The  motion  of  a  body  is  given  by 


dv 

Tt  =  6~3v 

where  v  is  the  velocity  (in  ms-1)  at  time  t  (in  sec¬ 
onds).  The  body  is  at  rest  at  t  =  0.  Then 

(a)  the  velocity  of  the  body  when  its  acceleration 
is  zero  is  2  ms”1. 

—2 

(b)  the  initial  acceleration  of  the  body  is  6  ms  . 

(c)  the  velocity  of  body  when  the  acceleration  is 
half  the  initial  value  is  1  ms”1. 


(d)  the  body  has  a  uniform  acceleration. 

<  IIT,  2003 

11.  A  stone  falls  freely  from  rest  and  the  total  distance 
covered  by  it  in  the  last  second  of  its  motion  is 

equal  to  the  total  distance  covered  by  it  in  the  first 

—2 

three  seconds  of  its  motion.  If  g  =  1 0  ms  ", 

(a)  the  stone  remains  in  air  for  5  s. 

(b)  the  stone  fell  from  a  height  of  125  m. 

(c)  the  stone  hits  the  ground  with  a  speed  of 
50  ms”1. 

(d)  the  acceleration  of  the  stone  during  the  last 
3  seconds  of  its  motion  is  three  times  that 
during  the  first  second. 

12.  From  the  top  of  a  tower  40  m  tall,  a  stone  is  pro¬ 
jected  vertically  upwards  with  a  speed  of  10  ms”1 
such  that  it  falls  in  the  sea  below.  If  g  =  10  ms”2, 


(a)  the  stone  passes  the  point  from  where  it  was 
projected  after  2  s. 

(b)  the  speed  with  which  it  passes  the  point  of 
projection  is  10  ms”1. 

(c)  the  stone  falls  in  the  sea  4  s  after  it  was 
projected. 

(d)  the  stone  hits  the  water  with  a  speed  of 
30  ms”1. 

13.  A  balloon  is  rising  vertically  upwards  at  a  velocity 
of  10  ms”1.  When  it  is  at  a  height  of  45  m  from  the 
ground,  a  parachutist  bails  out  from  it.  After  3  s  he 
opens  his  parachute  and  decelerates  at  a  constant 
rate  of  5  ms”2.  Take  g  =  10  ms”2. 

(a)  He  was  15  m  above  the  ground  when  he 
opened  his  parachute. 

(d)  The  velocity  of  the  parachutist  3  s  after  he 
bails  out  is  5  ms”1  vertically  upwards. 

(c)  He  hits  the  ground  with  a  speed  of  10 
ms”1. 

(d)  He  hits  the  ground  5  s  after  his  exit  from  the 
balloon. 

14.  A  particle  moving  in  a  straight  line  is  subjected  to 
a  constant  reterdation  a  which  varies  with  instanta¬ 
neous  velocity  v  as 

a  =  —  kv 


where  k  is  a  positive  constant.  If  the  initial  velocity 
of  the  particle  is  u  at  time  t  =  0,  then 

(a)  the  velocity  at  time  t  is  given  by  v  =  u  —  at. 

(b)  the  velocity  decreases  exponentially  with 
time. 

u  1 

(c)  the  velocity  will  decrease  to  —  in  time  — . 

(d)  the  total  distance  covered  by  the  particle 
before  coming  to  rest  is  ulk. 


15.  A  body  moves  from  point  A  to  point  B  with  a 
velocity  V\  and  returns  to  point  A  with  a  velocity 
v2  .  Then,  over  the  entire  journey 


(a)  the  average  speed  is 


1. 

2 


(Pi+v2) 


(b)  the  average  speed  is  - — 

O  i+v2) 

(c)  the  average  velocity  is  zero. 


(d)  the  average  velocity  is 


2@i 


16.  A  body  projected  vertial  upwards  from  the  top 
of  a  tower  of  height  h  with  a  speed  u  reaches  the 
ground  after  time  If  the  body  is  projeced  verti¬ 
cally  downwards  from  the  top  of  the  tower  with 
the  same  speed,  it  reaches  the  ground  after  time  t2. 
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Then 

(a)  h  =  ^g{tx  +t\)  (b)  /?  =  t\t2 

1  1 

(c)  u  =  ~g{tx  -  t2 )  (d)  u  =  ~g{tx  +  t2) 

17.  A  particle  moving  in  a  straight  line  is  subjected  to 
a  constant  ratardation  a  which  varies  with  instanta¬ 
neous  velocity  v  as 
a  =  -  kv 


where  k  is  a  positive  constant.  If  the  initial  velocity 
of  the  particle  is  u  at  time  t=  0,  then 

(a)  the  velocity  at  time  t  is  given  by  v  =  u  —  at. 

(b)  the  velocity  decreases  exponentially  with 
time. 

(c)  the  velocity  will  decrease  to  —  in  time  — . 

2  k 

(d)  the  total  distance  covered  by  the  particle 
before  coming  to  rest  is  ulk. 

I;  IIT,  2006 


ANSWERS  AND  SOLUTIONS 


1.  The  two  bullets  will  attain  the  same  height  at  time 

1  9 

t  =  n  seconds  if  98  n-—  x  9.8  x  n  =  98  (n  -  5)  - 

1  2  , 

—  x  9.8  ( n  -  5)"  which  gives  n  =  12.5  s.  The  time 

to  reach  the  highest  point  is  given  by  0  =  98  -  9.8  t 
or  t  =  10  s.  Thus  the  time  of  flight  of  the  first  bullet 
is  2  x  10  =  20  s  while  that  of  the  second  bullet  is 
20  +  5  =  25  s.  Hence,  the  second  bullet  will  reach 
the  starting  point  5  seconds  later  than  the  first  bul¬ 
let.  At  t  =  20  s,  the  speed  of  the  first  bullet  is  98 
ms”1  while  that  of  the  second  bullet  is  98  -  9.8  X  5 
=  49  ms”1.  The  maximum  height  attained  by  each 
bullet  is  490  m.  Hence,  height  attained  by  each  bul¬ 
let  is  490  m.  Therefore  the  correct  choices  are  (a) 
and  (d). 

2.  The  distance  covered  in  the  nth  second  (with  u  =  0) 
is  given  by 

s„  =  2%  [”2  -  ("  -  !)2]  =  2  8^2n  ~  ^ 

1  3  5 

5i  =  2  S’  s2  =  j  g’  =  2  8’  etc'  Hence  choices 
(a)  and  (d)  are  correct. 


3.  Velocity  of  the  particle  is  given  by 
dx  _  d  fa  /  /,, \1 

v~  dt~7,W~e 

Acceleration  of  the  particle  is  given  by 


=  ae 


bt 


a  = 


dv  d  /  ~bt\ 
=  — [ae 
sit  V 


'  j  =  -abe 
of  the 


dt  dt 

At  t  =  1  lb,  the  displacement  of  the  particle  is 

-i  r 

i  — - 1  e 

3. 


e  —  — 


Hence  choice  (a)  is  correct.  At  t  =  0,  the  values  v 
and  a  respectively  are  v  =  ae  0  =  a  and  a  =  -  abe~° 
=  -  ab.  Hence  choice  (b)  is  also  correct.  The  dis¬ 


placement  x  is  maximum  when  t  ,  i.e.  xmax  = 
a  /  _„  \  a 

—  1-e  )  =  — .  Hence  choice  (c)  is  also  correct. 

b v  ’  b 

Thus  the  correct  choices  are  (a),  (b)  and  (c). 

4.  Since  the  bullet  returns  to  its  point  of  projec¬ 
tion,  its  net  displacement  is  zero,  which  is  choice 
(a).  The  bullet  takes  5  s  to  reach  the  maximum 
height.  Therefore,  initial  speed  (u)  of  the  bullet  is 
(  y  final  velocity  =  0) 

u  =  gt  =  10  x  5  =  50  ms”1  directed  upwards  which 
is  choice  (d).  The  maximum  height  (h)  attained  by 

1  2  1  2 

the  bullet  is  h  =  —  gt "  =  —  x  10  X  (5)"  =  125  m. 

Therefore,  the  total  distance  travelled  by  the  bullet 
in  10  s  =  125  +  125  =  250  m,  which  is  choice  (b). 
For  heights  h  «  radius  of  the  earth,  the  magnitude 
of  g  is  constant,  i.e.  the  rate  of  change  of  velocity  is 
constant,  which  is  choice  (c).  Thus,  all  four  choices 
are  correct. 

5.  Since  the  initial  velocity  is  zero,  we  have 

1  2  1  2 

hl=0xtl  +  2&?i=  2  gt i 

1  2  1  2 

and  h2  =  0xt2+ ~  gt2=  ~  gt2 

rr-il  f* 

Therefore 

,  which  is  choice  (a). 

Also,  we  have  vx  =  0  +  gtx  =  gtx  and  v2  =  gt2. 

Dx  _tx  _  j~/^~ 

Therefore  ~~~~  Jt-  which  is  choice  (c). 

^2  ^2  V  ^2 

Hence  the  correct  choices  are  (a)  and  (c). 

6.  Draw  a  line  perpendicular  to  /  axis.  You  will  find 
that  in  graphs  (a)  and  (b)  shown  in  Fig.  2.28,  the 
particle  can  have  two  different  velocities  at  the 
same  time,  which  is  impossible.  Hence  the  correct 
choices  are  graphs  (c)  and  (d)  in  Fig.  2.28. 
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7.  Since  the  time  taken  to  reach  the  ground  and  the 
speed  with  which  a  ball  reaches  the  ground  are  in¬ 
dependent  of  mass,  choices  (b)  and  (c)  are  correct. 

8.  The  total  time  t  taken  by  the  body  to  reach  the 

1  2  1  1  9 

ground  is  given  by  hy  =  —  gt"  =  —  X  10  X  t  =  5 1  . 

The  body  moves  for  (t-  1)  second  before  the  begin¬ 
ning  of  the  last  second.  The  velocity  of  the  body  at 
an  instant  ( t  -  1)  second  is  v  =  g(t  -  1)  =  10  (t  -  1). 
This  is  the  initial  velocity  for  the  motion  in  the  last 
one  second.  The  distance  covered  in  this  one  sec¬ 
ond  is 

1  9 

h2  =  10  (/-  1)  x  1  +  —  x  10  x  (l)2  =  10(f-  1)  +  5 
=  10/ -5.  2 

hy 

It  is  given  that  h2  =  —  .  Therefore 

5 12 

10/  5  =  — 

3 

or  t2  -  6t  +  3  =  0 

The  two  roots  of  this  quadratic  equation  are 

t  =  ^3  +  ^6  j  s.  Hence  the  correct  choices  are  (c) 

and  (d). 

9.  All  four  choices  are  correct. 

=  k4~x  or  h  =  kr  1/2  , 


Given  v 


dt 


■  kx  or 


x~m  dx  =  k  dt.  Integrating,  we  have  2x1/2  =  kt  +  c 
where  c  is  a  constant  of  integration.  Given  that 
x  =  0  at  t  =  0.  This  gives  c  =  0. 

Use  v  =  —  andx  = 
dt 


k2t 2 


k2t 

.  Hence  v  =  — - 
4  2 


dv  d  ( k~t  |  k2 

Acceleration  a  =  — -  =  —  -  =  —  =  constant 

dt  dt\  2  J  2 

dx  k2t  k2 

We  have  — —  =  -  or  dx  =  —  tdt. 

dt  2  2 

Integrating,  we  have 

,  2  T 


^dx  =  —jtdt 


k2T 2 


which  gives  s  = 


dv 

10.  Given  a  =  —  =  6  -3v 
dt 


(1) 


(a)  Velocity  v0  when  acceleration  a  =  0  is  obt¬ 
ained  from  Eq.(l)  by  putting  a  =  0,  we  get 
6  -  3v0  =  0  or  v0  =  2  ms-1. 


(b)  At  t  =  0,  the  body  is  at  rest,  i.e.  v  =  0  at 
t  =  0.  Putting  v  =  0  in  Eq.(l),  initial  accelera- 


-2 


tion  ( a0 )  =  6  ms 

a0  _2 

(c)  Putting  a  =  —  =  3  ms  in  Eq.  (1),  we  have 


3  =  63u 


v  =  1  ms  1 


Hence  choices  (a),  (b)  and  (c)  are  correct.  Choice 
(d)  is  wrong  because  acceleration  a  change  with 
time  because  v  changes  with  time. 

11.  Let  /?j  be  the  distance  covered  during  the  first 
3  seconds.  Then 


-  ^g(3)2 


>h  '  j? 


Let  t  be  the  time  of  flight.  Then  the  velocity  at 
(t  -  1 )  is  g(t  -  1 )  and  the  distance  covered  in  the 
last  one  second  is 

1 


h2  =  -  g0  ~  1)  X  1 


xgx  (1)- 


=>  hif  g(t  ~  !)  +  Ym.gt  ~  ^ 

9  g 

Given  hx=  h2,  i.e.  —  g  =  gt-  —  =>  t  =  5  s. 

The  height  H  from  which  the  stone  falls  is 
-H  =  -\gt2  =  -^  x  10  x  (5)2 

=  -125  m  =>  H—  125  m 

The  speed  with  which  the  stone  hits  the  ground  is 
-  v  =  -g/  =  -10  x  5  =  -50  ms-1  =>  v  =  50  ms-1 
Hence  choices  (a),  (b)  and  (c)  are  correct.  Choice 
(d)  is  wrong  because  for  bodies  not  too  far  away 

from  the  earth,  the  acceleration  due  to  gravity  is 

—2 

contant  =  9.8  ms  ". 

12.  Let  us  assign  a  positive  sign  to  quantities  directed 
in  the  upward  directon  and  a  negative  sign  to  those 
directed  downwards.  Now,  the  net  displacement  of 
the  stone  =  final  position  -  initial  position  =  -  40  m 
directed  downwards.  Thus  s  =  -  40  m.  The  initial 
velocity  is  directed  upwards.  Therefore,  u  =  +10 
ms1.  The  acceleration  due  to  gravity  is  directed 
downwards.  Hence  g  =  -  10  ms  .  Using  these 

1  2 

values  in  the  relation  s  =  ut  +  —  gt  ,  we  get 
-40  =  lOt  +  ~  ( — 1 0)/2  =  10/  -  5/2 

or  t2  -  2t  -  8  =  0  or  {t  +  2 ){t  -  4)  =  0 

which  gives  t  =  -  2  s  or  4  s.  Since  the  negative  sign 
of  t  is  not  possible,  the  correct  answer  is  4  s. 


2.30  Comprehensive  Physics — JEE  Advanced 


It  is  clear  that  the  net  displacement  of  the  stone  in 
coming  back  to  the  pointfrom  where  it  was  pro¬ 
jected  is  zero,  i.e.  s  =  0.  Thus  we  have 

0  =  10?+  ^  (-lO)f2 

which  gives  t  =  0  or  2  s.  Since  t  =  0  is  not  possible 
the  correct  answer  is  2  s. 

The  final  velocity  of  the  stone  is  given  by 
—  v  =  u  +  gt 

=  10  +  (-10)  x  4  =  -  30  ms-1 
=>  v  =  30  ms~' 

Hence  all  four  choices  are  correct. 

13.  When  the  parachutist  bails  out,  he  shares  the  velo¬ 
city  of  the  balloon  and  has  an  upward  velocity  of 
10  ms-1,  i.e.  u  =  +10  ms1.  Also  g  =  —1 0  ms~2  (act¬ 
ing  downwards).  The  displacement  in  t  =  3  s  is 
given  by 

1  2 

S  =  ut+-  gt 

1  9 

=  10x3+  -  x (-10)  x (3)2  =  -15  m 

Since  the  displacement  is  negative,  it  is  directed 
downwards.  So  the  height  from  the  ground  when 
he  opened  his  parachute  =  45  -  15  =  30  m. 

In  time  3  s,  the  balloon  has  risen  through  30  m  (as 
the  velocity  of  the  balloon  is  10  ms-1  upwards). 
Hence  the  parachutist  is  now  30  +  15  =  45  m  away 
from  the  balloon.  The  velocity  of  the  parachutist 
3  s  after  he  bails  out  is 
v  =  u  +  gt 

=  10  +  (-10)x3=-20ms~1 

(directed  downwards) 
At  t  =  3  s,  his  initial  velocity  is  a  =  -20  ms1  and 
to  hit  the  ground,  his  displacement  s  =  -30  m  (see 
solution  of  Q.18).  Now  a  =  +5  ms~2  (directed 
upwards).  The  time  taken  to  hit  the  ground  is  given 
by 

1  2  1  2 

s  =  ut+  —  gr  or  -30  =  -20  t  +  —  r 

or  r-8i+  12  =  0  or  (t  -  6 ){t  -  2)  =  0 
which  gives  t  =  6  s  or  2  s.  If  t  =  6  s,  then  the  velo¬ 
city  with  which  he  hits  the  ground  is  v  =  u  +  at  = 
-20 +  5x6  =  10  ms-1.  This  is  positive,  i.e.  v  is 
directed  upwards,  which  is  not  possible.  Thus  the 
correct  answer  is  t  =  2  s,  in  which  case,  the  velocity 
with  which  he  hits  the  ground  is 

v  =  -20  +  5x2=-10  ms-1 
which  is  negative  as  it  should  be. 


The  total  time  the  parachutist  takes  (after  his  exit 
from  the  balloon)  to  hit  the  ground  is  =  3  s  +  2  s 
=  5  s. 

Hence  the  correct  choices  are  (c)  and  (d). 
dv 

14.  — —  =  -  kv 
dt 


Thus  choice  (a)  is  wrong  and  choice  (b)  is  correct.  It 

u 

follows  from  Eq.  (1)  that  v  =  —  in  time  t  given  by 


2  =  /'  =>  loge(2)  =  kt 

0.693 

k 


=  ue 


-  kt 


=  e 


-  kt 


t  = 


loge(2) 


Hence  choice  (c)  is  wrong. 
From  Eq.(l)  we  have 
dx  ,, 


dt 


=  u  e 


J  dx  =  J  ue  kt  ^ 


x  —  Xn  = - e 


-  kt 


x  =  xn - e 


—  kt 


Now  x  =  0  at  t  =  0  which  gives  x0  = 


— .  Hence 
k 


U  Kf 

x=-(l-e-u)  (2) 

It  follows  from  Eq.  (1)  that  v  =  0  at  t  =  Hence 
distance  travelled  by  the  particle  before  coming  to 
rest  is  obtained  from  Eq.  (2)  by  putting  t  =  °o,  which 
gives  x  =  u/k.  Hence  the  correct  choices  are  (b)  and 
(d). 

15.  Let  5  =  distance  between  points  A  and  B.  It  t]  is  the 
time  taken  to  go  from  A  to  B  and  t2  the  time  taken 
to  return  from  B  to  A,  then 


h  +  h 
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T otal  distance  travelled 
••  Average  speed  -  Totel  ametaken 

5  +  5  _  2  uIv2 

_  JL  +  JL  ~  (Vl+Vl) 

V  v2 

Since  the  net  displacement  is  zero  as  the  body  re¬ 
turns  to  the  strating  point,  the  average  velocity  =  0. 
Hence  the  correct  choices  are  (b)  and  (c). 

16.  The  net  displacement  in  both  cases  is  —h  (vertically) 
downwards.  For  the  body  projected  upwards,  initial 
velocity  is  +u  and  for  the  body  projected  down¬ 
wards,  the  initial  velocity  is  -u.  Hence,  we  have 
(since  a  =  -  g  in  both  cases) 

-h  =  ut1-^gti  (1) 


Thus  choice  (a)  is  wrong  and  choice  (b)  is  correct.  It 

u 

follows  from  Eq.  (1)  that  v  =  —  in  time  t  given  by 


=  ue 


=  e 


t  = 


l°ge(2) 


2  =  ek>  -- 
0.693 


loge(2)  =  kt 


Hence  choice  (c)  is  wrong. 
From  Eq.(l)  we  have 
dx 


=  u  e 


—  kt 


dt 

X 

|  dx  =  J 


=  |  ue  kt  dt 


and 


—  h  =  ut-,  — 


(2) 


x  -x0 


Ue-kt 

k 


17. 


1 

Equations  (1)  and  (2)  give  u  =  ~  g  (t\  -  t2)  and 

1  2 

h  =  —  g  ttt2.  Thus  the  correct  choices  are  (b)  and  (c). 


x  =x0- 


u  _j(t 
—  e 
k 


Now  x  =  0  at  t  =  0  which  gives  x0 


— .  Hence 
k 


v  =  u  e  kt  (1) 


•V  -^(1  -C'  kt)  (2) 

It  follows  from  Eq.  (1)  that  v  =  0  at  t  =  °o.  Hence 
distance  travelled  by  the  particle  before  coming 
to  rest  is  obtained  from  Eq.  (2)  by  putting  t  = 
which  gives  x  =  itlk.  Hence  the  correct  choices  are 
(b)  and  (d). 


% 

Multiple  Choice  Question  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

It  must  be  clearly  understood  that  distance  is  not  the  same 
as  displacement.  Distance  is  a  scalar  quantity  and  is  given 
by  the  total  length  of  the  path  travelled  by  the  body  in  a 
certain  interval  of  time.  Displacement  is  a  vector  quantity 
and  is  given  by  the  shortest  distance  (in  a  specified 
direction)  between  the  initial  and  the  final  positions  of 
the  body.  The  direction  of  the  displacement  vector  is  from 
the  initial  position  (starting  point)  to  the  final  position 


(end  point)  of  the  motion.  Speed  is  a  scalar  quantity.  The 
average  speed  is  defined  as 

total  distance  travelled 

v  =  - 

total  time  taken 

Velocity  is  a  vector  quantity.  The  average  velocity  is 
defind  as 

net  displacement 
time  taken 
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The  direction  of  the  velocity  vector  is  the  same  as  that  of 
the  displacement  vector.  Acceleration  is  defined  as  the  rate 
of  change  of  velocity  and  it  is  a  vector  quantity. 

1.  A  cyclist  starts  from 
centre  O  of  a  circular 
track  of  radius  r  =  1  km, 
reaches  edge  P  of  the 
track  and  then  cycles 
along  the  circumfer¬ 
ence  and  stops  at  point 
Q  as  shown  in  Fig.  2.29. 
the  displacement  of  the 
cyclist  is 

TC  i  \ 

(b)  r 


(a)  ^1  +  - 

SOLUTION 


(c)  r  I  1  +  — 
3 


KV 

(d»  T 


2.  In  Q.l  above  the  magnitude  of  the  velocity  in 
km  IT1  of  the  cyclist  is 

(a)  12.3  (b)  12.0 

(c)  3.0  (d)  6.0 

3.  In  Q.l  the  distance  travelled  by  the  cyclist  is 
approximately 

(a)  2  km  (b)  2.01  km 

(c)  2.05  km  (d)  1  km 

4.  In  Q.  1 ,  the  average  speed  (in  km  IT1)  of  the  cyclist 
is 

(a)  12.3  (b)  6.15 

(c)  6.0  (d)  12.0 


1.  Net  displacement  is  OQ  =  shortest  distance  be¬ 
tween  the  starting  point  O  and  end  point  Q  =  1  km 
=  r.  Therefore,  the  correct  choice  (b). 


2.  Average  velocity = 


displacement  1km 


time 


Ih 

6 


=  6  km 


Hence  the  correct  choice  is  (d). 

3.  Distance  travelled  =  OP  +  PQ  (along  the  arc) 


2nr  (  trh  (  3.14' 

=  rH — —  =  r|l  +  3"J=  1  ^m  —  I  +2.05  km 

Hence  the  correct  choice  is  (c). 

distance  2.05  km 


4.  Average  speed  = 


time 


ih 

6 


=  12.3  km  h 

Thus  the  correct  choice  is  (a). 


Question  5  to  7  are  based  on  the  following  passage. 
Passage  II 

Ball  A  is  rolled  along  the  positive  x-direction  with  a 
speed  of  5  ms-1  towards  a  bigger  ball  B  20  m  away.  After 
collision  with  ball  B,  ball  A  retraces  the  path  and  reaches 
its  starting  point  with  a  speed  of  4  ms-1 . 

5.  The  average  velocity  of  ball  A  during  the  time 
interval  from  0  to  4  s  is 

(a)  5  ms-1  along  positive  x-direction. 

(b)  5  ms~'  along  negative  x-direction. 

40  . 

(c)  —  ms  along  negative  x-direction. 

14  , 

(d)  —  ms  along  positive  x-direction. 

SOLUTIONS 


6.  The  average  velocity  of  ball  A  during  the  time 
interval  0  to  9  s  is 

(a)  4.5  mf1  along  positive  x-direction. 

(b)  4.5  ms-1  along  negative  x-direction. 


7. 


(c) 


along  negative  x-direction. 


(d)  zero 

The  average  velocity  of  ball  A  during  the  time  in¬ 
terval  0  to  6  s  is 

(a)  2  ms-1  along  positive  x-direction. 

(b)  2  ms-1  along  negative  x-direction. 


(c) 

(d) 


14 

3 

14 

3 


ms  1  along  positive  x-direction. 
ms-1  along  negative  x-direction. 


5.  Time  taken  by  ball  A  to  reach  ball  B  is 
20 

‘  T  ’ 4  s 

During  the  time  interval  0  to  4s,  the  net  displace¬ 
ment  of  ball  A  =  20  m  along  positive  x-direction. 


Therefore,  the  velocity  of  ball  A  during  0  to  4s  = 
5  ms-1  along  positive  x-  direction,  which  is  choice 
(a). 

6.  Time  taken  by  ball  A  to  retrace  its  path  and  reach 
the  starting  point  after  collision  with  ball  B  is 
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20 


Therefore,  the  net  displacement  in  time  interval  0  to 
9  s  =  0  Hence  velocity  =  0,  which  is  choice  (d). 

7.  During  the  time  interval  0  to  6  s,  ball  A  covers  a 
distance  of  20  m  along  positive  x-direction  up  to 
ball  B  (which  takes  4  s)  and  in  the  next  2  s,  it  covers 


a  distance  of  4  ms-1  x  2  s  =  8  m  along  the  negative 
x-direction.  Therefore, 

Net  displacement  of  A  from  0  to  6  s  =  20  -  8  =  1 2  m 
along  positive  x-direction.  Hence,  average  velocity 
of  A  during  0  and  6  s  is 

12 

^  =  2  ms  1  along  positive  x-direction 
Thus  the  correct  choice  is  (a). 


Questions  8  and  9  are  based  on  the  following  passage 
Passage  III 

A  particle  initially  (i.e.  at  time  t  =  0)  moving  with  a 
velocity  u  is  subjected  to  a  retarding  force,  as  a  result  of 
which  it  decelerates  at  a  rate 

a  =  -k'Jv 

where  v  is  the  instantaneous  velocity  and  k  is  a  positive 
constant. 

8.  The  particle  comes  to  rest  in  a  time 


(a) 


2  a/m 


a/m 

(b>  T 


(c)  2  A: a/m 

(d)  A: a/m 

The  distance  covered  by  the  particle  before  coming 
to  rest  is 

«3/2 

2  «3/2 

* 

(b»  * 

3ir/2 

2,Pr- 

<c)  Ik 

^  3k 

SOLUTION 

8.  Given 


a=-kvm  or  -7-  =  -kvm 


dv 

dt 


Thus  v  2  dv  =  -k  dt 
Integrating,  we  have 

Jc rl/2dv  k^dt 

or  2vin  =~kt  +  c 


(i) 


where  c  is  the  constant  of  integration.  Given  that  at 
t  =  0,  v  =  u.  Using  this  in  (i)  we  get  2m1/2  =  c.  Using 
this  value  of  c  in  (i), 


we  have  2{vV2 -un)  =  —  kt 


GO 


Let  r  be  the  time  taken  by  the  particle  to  come  to 
rest.  Then,  v  =  0  at  t  =  T.  Using  this  in  (ii),  we  get 


o/u  1/2  \  2m 

2(0  -  m  )  =  —  At  or  t  =  — : 


1/2 


(iii) 


Hence  the  correct  choice  is  (a). 

9.  To  find  the  distance  s  covered  in  this  time,  we  use 
Eq.  (i)  to  get 


vXjl  =  um 


kt 

”2 


Squaring,  we  have 


v  =  u  -  ktu 1/2  + 


;  2.2 

k  t 


But 


Therefore, 


v  = 


ds 

dt 


k2t2 


ds  t  1/2 
—  =11  —kt  u  + 
dt  4 


Integrating  from  t  =  0  to  t  =  r,  we  have 


s  = 


ut  —  - 


ku 


1/2.2 


2 .3 


G  k  t 
+ 


12 


0 


1  7  2  1,22 

or  s=ui - ku  T  + — k~  t  (iv) 

2  12  v  2 

Substituting  the  value  of  t  from  (iii)  in  (iv),  we  get 


2m 


3/2 


4u 


■m 


.3/2 


s  = 


2k 


+ 


2m 


3/2 


12  k 


or  5  = 


3k 
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Matching 


1.  Figure  2.30  shows  the  displacement-time  (x  - 1)  graph  of  the  motion  of  a  body. 


Fig.  2.30 


Column  I 

(a) 

AB 

(P) 

(b) 

BC 

(q) 

(c) 

CD 

(r) 

(d) 

DE 

(s) 

Column  II 

The  body  is  a  rest 

The  body  is  not  accelerating 

The  velocity  is  decreasing  with  time 

The  velocity  is  increasing  with  time. 


ANSWER 

(C)  -A  (p) 
(d)  ->  (r) 


1.  (a)  — >  (q) 

(b)  -A  (s) 


Explanation:  The  slope  of  x  —  t  graph  gives  the  velocity  of  the  body.  In  AB,  the  slope  is  constant.  In  BC,  the  slope  is 
increasing  with  time.  In  CD,  the  slope  is  zero  and  in  DE  the  slope  is  decreasing  with  time. 

2.  The  displacement  x  of  a  particle  moving  along  the  x-direction  varies  with  time  t  according  to  the  relation. 

2 

x  =  a  +  bt  —  ct 


where  a,  b  and  c  are  constants  of  motion. 


Column  I 

(a)  Displacement  when  velocity  =  0  (p)  ( b  - 

(b)  Acceleration  when  velocity  =  0  (q)  -2c 

(c)  Initial  displacement  (r)  a 

(d)  Average  velocity  during  the  4th  second  (s)  a  + 

SOLUTION 

Displacement  x  =  a  +  bt  -  ct2 
.-.  x  at  (t  =  0)  =  a 

„T  ,  .  dx 

Velocity  v  =  —  =  b  -  let 

dt 


Column  II 

7c) 

b 2_ 

4c 


v  =  0  at  t 


b_ 

2c 
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.  ,  .  dv 

Acceleration  =  —  = 
dt 

-2c  (which  is  constant) 

f  b  N 
Value  of  x  at  \  t  =  — 
l  2C  y 

1  ,  b  (  b 

>  2c  {2c 

Hence  the  solution  is 

(a)  ->  (s) 

(c)  ->  (r) 

(b)  ->  (q) 

(d)  ->  (p) 

# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is  fol¬ 
lowed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  options  out  of  which  only  ONE  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  NOT  the  correct  explanation  for  State¬ 
ment-1. 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

A  body  moving  in  a  straight  line  may  have  non-zero 
acceleration  at  an  instant  when  its  speed  is  zero. 

Statement-2 

If  a  body  is  thrown  vertically  upwards,  its  speed  at 
the  instant  when  it  reaches  the  highest  point  is  zero 
but  its  acceleration  is  9.8  ms  2. 

2.  Statement-1 

A  body  moving  in  a  straight  line  with  a  constant 
speed  must  have  a  zero  acceleration. 


SOLUTIONS 

1.  The  correct  choice  is  (b). 

2.  The  correct  choice  is  (c).  The  velocity  of  a  body 
moving  along  a  curve  continuously  changes 
because  its  direction  of  motion  is  changing.  Hence 
a  body  moving  along  a  curve  with  a  constant  speed 
has  acceleration  called  centripetal  acceleration. 

3.  The  correct  choice  is  (a).  The  effective  acceleration 
due  to  gravity  in  a  medium  is  given  by 


Statement-2 

A  body  moving  along  a  curve  with  a  constant  speed 
may  have  a  zero  acceleration. 

3.  Statement-1 

A  wooden  ball  and  a  steel  ball  of  the  same  mass, 
released  from  the  same  height  in  air,  do  not  reach 
the  ground  at  the  same  time. 

Statement-2 

The  apparent  weight  of  a  body  in  a  medium  depends 
on  the  density  of  the  body  relative  to  that  of  the 
medium. 

4.  Statement-1 

If  the  displacement-time  graph  of  the  motion  of  a 
body  is  a  straight  line  parallel  to  the  time  axis,  then 
it  follows  that  the  body  is  at  rest. 

Statement-2 

Velocity  is  equal  to  the  rate  of  change  of  displace¬ 
ment. 

5.  Statement-1 

If  the  velocity-time  graph  of  the  motion  of  a  body  is 
a  curve,  then  the  body  is  either  uniformly  acceler¬ 
ated  or  uniformly  retarded. 

Statement-2 

The  slope  of  the  velocity-time  graph  gives  the 
acceleration. 


where  p  =  density  of  the  medium  and  o  =  density 
of  the  body. 

4.  The  correct  choice  is  (a).  If  the  displacement-time 
graph  is  parallel  to  the  time  axis,  then,  rate  of 
change  of  displacement  is  zero. 

5.  The  correct  choice  is  (d).  If  the  velocity-time  graph 
is  a  curve,  the  slope  of  the  graph  is  not  constant. 
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Integer  Answer  Type 


1.  The  displacement  x  of  a  particle  moving  in  one 
dimension,  under  the  action  of  a  constant  force,  is 
related  to  time  t  by  the  equation 

t  =  \Ix  +  3 

where  x  is  in  metres  and  t  in  seconds.  Find  the  dis¬ 
placement  (in  metre)  of  the  particle  when  its  veloc¬ 
ity  is  zero. 

<  IIT,  1979 

SOLUTIONS 


2.  The  motion  of  a  body  is  given  by 


dv(t) 

dt 


=  6  -  3  v(t) 


where  v(t )  is  the  velocity  (in  ms-1)  of  the  body  at 
time  t  in  second.  If  the  body  was  at  rest  at  t  =  0,  find 
its  velocity  (in  ms-1)  when  the  acceleration  is  half 
the  initial  value. 

<  IIT,  1995 


1.  Given  4x  =  t  -  3.  Squaring,  we  have 

x  =  t2  -  6t  +  9  (i) 

The  instantaneous  velocity  of  the  particle  is 

dx  d  ,  7  ... 

v  =  —  =  —  (r  -  6t  +  9)  =  2t  -  6 
dt  dt 

Now,  v  will  be  zero  at  time  t  given  by  2t  -  6  =  0  or 
t  =  3  seconds.  The  displacement  at  t  =  3  s  is 
obtained  from  relation  (i)  by  putting  t  =  3  s  which 
gives  x  (at  t  =  3  s)  =  (3)2  -  6x3+9  =  0.  Hence  the 
net  displacement  of  the  particle  is  zero  when  its 
velocity  is  zero,  i.e.  the  particle  returns  to  its 
starting  position,  where  its  velocity  is  zero. 


The  acceleration  of  the  body  at  time  t  is 

a(t)  =  =  6  -  3  v(t)  (1) 

dt 

Putting  t  =  0  in  Eq.  (1),  the  initial  acceleration  is 
a( 0)  =  6  -  3o(0) 

Since  the  body  was  at  rest  at  t  —  0,  u(0)  =  0. 
Hence 

u(0)  =6  ms~2 

When  a(t)  =  ^  =  3  ms~2,  we  have  from 

Eq.  (1) 


3  =  6  -  3v 


v  =  1  ms 


REVIEW  OF  BASIC  CONCEPTS 

3.1  j  EQUAL  VECTORS _ 

Two  vectors  A  and  B  of  the  same  physical  quantity  are 
equal,  if  and  only  if  they  have  the  same  magnitude  and 
the  same  direction.  We  can  test  the  equality  by  shifting  B 
parallel  to  itself  until  its  tail  coincides  with  the  tail  of  A. 
If  the  tips  of  the  two  vectors  also  coincide,  the  vectors  are 
equal.  (Remember,  the  vector  shifted  parallel  to  itself  is 
equal  to  the  original  vector  since  the  magnitude  and  the 
direction  of  the  vector  do  not  change  when  it  is  shifted 
parallel  to  itself). 

3.2  |  UNIT  VECTOR _ 

A  vector  having  a  unit  modulus  is  called  unit  vector.  If  A 

A 

is  a  vector,  then  unit  vector  A  along  the  direction  of  A 
is  defined  as 

a  A  A 

A  =  —  =  - 

I A  |  A 

Conventionally,  unit  vectors  along  x,  y  and  z  directions 

A  A  A 

are  denoted  by  i,  j  and  k  respectively. 

3.3  !  NULL  VECTOR 

_ I _ 

If  two  vectors  A  and  B  are  equal,  their  difference  (A  -  B) 
is  defined  as  the  zero  or  null  vector  and  is  represented 
by  the  symbol  0.  It  has  zero  magnitude  and  no  specific 
direction.  A  vector  which  is  not  null  is  called  a  proper 
vector.  Thus,  if 

A  =  B 

then  A  -  B  =  0 

3.4  |  ADDITION  OF  VECTORS _ 

The  procedure  of  finding  the  resultant  or  sum  of  two 
vectors  is  known  as  the  parallelogram  law  of  vector 
addition  and  may  be  stated  as  follows. 


If  the  two  vectors  are  represented  in  magnitude  and 
direction  by  the  two  adjacent  sides  of  a  parallelogram 
drawn  from  a  point,  then  their  resultant  is  represented 
in  magnitude  and  direction  by  the  diagonal  of  the 
parallelogram  passing  through  that  point. 


S  P 


Fig.  3.1 

Figure  3.1  show  two  vectors  A  and  B  of  magnitudes 
A  and  B  inclined  at  an  angle  a.  The  magnitude  R  of  the 
resultant  vector  R  is  given  by 

R  =  \]a2  +  B 2  +2AB  cos  a 

The  angle  (3  which  the  resultant  vector  R  subtends  with 
vector  A  is  given  by 


A  +  B  cos  a 

.  n  B  sin  a 

or  sm  3  =  - 

R 

In  vector  notation  the  resultant  vector  is  written  as  R  = 
A  +  B. 

Special  Cases 

(i)  When  the  two  vectors  are  in  the  same  direction,  i.e. 

a  =  0°,  then  R  =  tJa2  +  B2  +  2  AB  cos0°  =  A  +  B. 
Therefore,  the  magnitude  of  the  resultant  is  equal  to 
the  sum  of  the  magnitudes  of  the  two  vectors.  Also 
tan  [3  =  0  or  (3  =  0,  i.e.  the  direction  of  the  resultant 
is  the  same  as  that  of  either  vector. 
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(ii)  When  the  two  vectors  are  in  opposite  directions, 

i.e.,  a  =  1 80°,  then  R  =  \Ja2+B2+  2  AB  cos  1 80° 
=  ,4-5.  Also  P  =  0 

(iii)  When  the  two  vectors  are  at  right  angles  to  each 
other,  i.e.  a=  90°,  then 

R  =  V  A2  +B2  +2AB  cos90°  =  a Ja 2  +  B2  .  Also 


If  the  two  vectors  are  represented  in  magnitude  and 
direction  by  the  two  sides  of  a  triangle  taken  in  the  same 
order,  then  their  resultant  is  represented  in  magnitude 
and  direction  by  the  third  side  of  the  triangle  taken  in  the 
opposite  order. 

3.6  |  SUBTRACTION  OF  VECTORS _ 


tan  B  =  — . 

A 

Note:  5max  =  A  +B  and  Rmin  =  A-B 


EXAMPLE  3.1 


I  The  following  pairs  of  forces  act  on  a  particle  at  an 
angle  0  which  can  have  any  value 

(a)  2  N  and  3  N  (b)  3  N  and  3  N 

(c)  2  N  and  6  N  and  (d)  3  N  and  8  N 

The  resultant  of  which  pair  cannot  have  a  magnitude 
of  4  N? 


Suppose  we  wish  to  subtract  a  vector  B  from  a  vector  A. 
Since 

A  -  B  =  A  +  (-  B) 

the  subtraction  of  vector  B  from  vector  A  is  equivalent 
to  the  addition  of  vector  -  B  to  vector  A.  Hence  the 
procedure  to  find  (A  -  B)  is  as  follows: 


SOLUTION 


I  For  pair  (a)  :  5min  =H-5=3-2=lN  and 
5max  =  H+5  =  3+2  =  5N 
For  pair  (b)  :  5min  =  0,  5max  =  6  N 
For  pair  (c)  :  5min  =  4  N,  5max  =  8  N 
For  pair  (d)  :  5min  =  5  N,  5max  =  1 1  N 
Hence  the  correct  answer  is  (d). 


EXAMPLE  3.2 


■  The  magnitude  of  the  resultant  of  two  vectors  of  the 
same  magnitude  is  equal  to  the  magnitude  of  either 
vector.  Find  the  angle  between  the  two  vectors. 


(a)  (b)  (c) 

Fig.  3.2 

Choose  a  convenient  scale  and  draw  the  vectors  A  and 
B  as  shown  in  Fig.  3.2  (a).  If  B  is  to  be  subtracted  from  A, 
draw  the  vector  negative  of  B,  i.e.  draw  the  vector  -  B  [see 
Fig.  3.2  (b)].  Now  shift  the  vector  -  B  parallel  to  itself  so 
that  the  tail  of-  B  is  at  the  head  of  A.  Vector  C  is  the  sum 
of  vectors  A  and  -  B,  i.e.  [see  Fig.  3.2  (c)] 

C=A  +  (-B)  =  A-  B 


3.7 


RESOLUTION  OF  A  VECTOR  INTO 
RECTANGULAR  COMPONENTS 


SOLUTION 


Given  A  =  B  and  R  =  A  or  B. 

R  =  V  A2  +B2  +2  AB  cos  0 
=>  A  =  s\a2  +A2  +2  A2  cos0 

=  si  2 A2  (1  +  cos0) 

=>  A2  =  2A2(l  +  cos  0)  =>  cos  0  = 

^  0  =  120° 

3.5  j  TRIANGLE  LAW  OF  VECTOR  ADDITION 

The  parallelogram  law  of  vector  addition  yields  the  triangle 
law  of  vector  addition.  In  Fig.  3. 1 ,  vector  QP  =  vector  OS 
=  B.  In  triangle  OQP,  vector  OP  =  R.  Hence,  the  triangle 
law  of  vector  addition  may  be  stated  as  follows: 


Consider  a  vector  A  in  the  x—y  plane  making  an  angle  0 
with  the  x-axis.  The  x  and  y  components  of  A  are  A,,  and 
Av.  The  magnitudes  of  Ax  and  Ay  are  (Fig.  3.3) 


Ax=  A  cos  0,  along  x-direction 
and  Ay  =  A  sin  0,  along  y-direction 

A  A 

Thus  Aa.  =  Ax  i  =  (A  cos  0)  i 


Vectors  3.3 


and  A,  =  Ay  j  =  (A  sin  0)  j 

From  parallelogram  law 


A  =  Ax  +  A y  =  (A  cos  9)  i  +  (A  sin  0)  j 

The  magnitude  of  A  in  terms  of  the  magnitudes  of  its 
rectangular  components  is 

l 


A  =  J  Al  +  Ay 


Also 


tan  6  =  — 


EXAMPLE  3.3 


Resolve  A  into  x  and  y  components.  The  magnitude 
of  A  is  4  units. 


Fig.  3.4 


(b) 


SOLUTION 


In  Fig.  3.5(a): 

Av  =  -  A  cos  60°  =  —  4  x  —  =  -  2  units 
*  2 

H 

Ay  =  +  A  sin  60°  =  +  4  x  =  +  2^3  units 
In  Fig.  3.5(b): 

R 

Ax  =  +  A  cos  30°  =  +  4  x  — —  =  2V3  units 
x  2 

A.,  =  -  A  sin  30°  =  -  4x  —  =  —  2  units 

2 


NOTE 


The  magnitude  of  a  component  along  +  x  direction  or  + 
y  direction  is  taken  to  be  positive  while  the  magnitude  of 
a  component  along  -  x  direction  or -y  direction  is  taken 
to  be  negative. 


ADDITION  OF  VECTORS  USING 
COMPONENTS 


Two  or  more  vectors  are  added  by  using  components  as 
follows: 

(a)  Resolve  each  vector  into  its  rectangular  compo¬ 
nents. 

(b)  Add  the  magnitudes  of  all  the  x-components  taking 
into  account  their  signs. 

Rx  =  sum  of  x-components  of  all  the  vectors 

(c)  Similarly  Rv  =  sum  of  y-components  of  all  the 
vectors 

(d)  Magnitude  of  resultant  is 

(e)  The  angle  6  which  the  resultant  subtends  with  the 
x-axis  is  given  by 

tan  0  =  —— 

Rx 


EXAMPLE  3.4 


Find  the  resultant  of  two  vectors  A  =  4  units  and  B  = 
3  units  shown  in  Fig.  3.6  by  using 

(a)  parallelogram  law  and 

(b)  components  method. 

y 


SOLUTION 


(a)  Angle  between  the  two  vectors  is  (Fig.  3.7) 
0  =  90° 

R  =  \j  A2  +  B2  +  2AB  cos  9 

=  V  42  +  32  +  2  x4  x3cos90° 

=  5  units 
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R 


B 


sin(18O°-0)  sin  a 

5sin0  3  x  sin  90°  3 

5  _  5 


sin  a  = 


R 


a  =  sin 


a  -  37° 


(b)  The  x  and  y  components  of  A  and  B  are  [see  Fig. 
3.8] 

y 

4 


pi 

Ar  =  A  cos  30°  =  4  x  — — 

2 

=  2^3  units  along  +  x  direction 


A  =  A  sin  30°  =  4  X  — 

2 

=  2  units  along  +  y  direction 

and  B  =  B  cos  60°  =  -  3  x  — 

*  2 

=  -  3/2  units  along  -  x  direction 

and  Bv  =  B  sin  60° 

y 

R 

=  3  x  units  along  +  y  direction 

Rx  =  Ax  +  Bx 

=  ( 2-Jh  -  3/2 j  along  +  x  direction 


Ry  ~  4  +  By 


=  f  2  +  —  xf3  I  along  +  y  direction 


R2  =  R2X+R2y=(2j3- - 
=  25 


2  + 


3^3 


R  =  5  units 


The  angle  subtended  by  the  resultant  with  the 
x-axis  is  given  by 


Ry 

tan  a  =  —  = 

Rx 


4.6 

1.96 


2.347 


giving  a  -  67°  above  the  x-axis.  Therefore,  the  an¬ 
gle  which  the  resultant  subtends  with  A  is  67°  -  30° 
=  37°. 


NOTE 


The  components  method  is  more  useful  if  more  than  two 
vectors  have  to  be  added. 


3.9  ;  SCALAR  OR  DOT  PRODUCT _ 

The  scalar  (or  dot)  product  of  two  vectors  A  and  B  is 
defined  as  the  product  of  the  magnitudes  of  A  and  B  and 
the  cosine  of  the  angle  between  them,  i.e. 

A  •  B  =  AB  cos  0 

The  scalar  product  is  represented  by  putting  a  dot 
between  the  two  vectors.  The  scalar  product  of  two  vectors 
is  a  scalar  quantity. 

Properties  of  the  Scalar  Product 

(i)  The  scalar  product  is  commutative,  i.e.  A  B  =  B  A 

(ii)  A  •  A  =  A2  or  A  =  ^ A- A  .  This  is  true  because  in 
this  case  6=  0°. 

(iii)  If  two  vectors  A  and  B  are  perpendicular  to  each 
other,  then  0  =  90°  and  A  B  =  AB  cos  90°  =  0. 
Note  that  A  ■  B  can  be  zero  when  neither  A  nor  B 
is  zero. 

A  A  A 

(iv)  For  unit  vectors  i,  j  and  k  along  the  three  rect¬ 
angular  axes  x,  y  and  z,  we  have 

A  A  A  A  A  A 

i  i=j  j=k  k=l 

A  A  A  A  A  A 

and  i  j=j  k  =  k  i=0 

(v)  A  ■  B  =  (Ax  i  +  Ay  j  +  A,  k )  •  (Bx  i  +  By  j 

+  BZ  k) 

=  Ax  Bx  +  Ay  By  +  Az  B: 
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Some  Examples  of  Scalar  Product 

(i)  Work  done  is  W  =  F  •  s  where  F  is  the  force  vector 
and  s  is  the  displacement  vector. 

(ii)  Power  consumed  is  P  =  F  •  v  where  F  is  the  force 
vector  and  v  is  the  velocity  vector. 

(iii)  Electric  current  is  /  =  J  -  A  where  J  is  the  current 
density  vector  and  A  is  the  area  vector. 

(iv)  Magnetic  flux  is  &  =  B  A  where  B  is  the  magnetic 
induction  vector  and  A  is  the  area  vector. 

3.10  ;  VECTOR  OR  CROSS  PRODUCT _ 

If  the  smaller  angle  between  two  vectors  A  and  B  is  0, 
then  the  vector  or  cross  product  of  vectors  A  and  B  is 
defined  as 

A  x  B  =  ( AB  sin  0 )  n 

where  A  and  B  are  the  magnitudes  of  vectors  A  and  B  and 

A 

n  is  a  unit  vector  perpendicular  to  the  plane  containing  A 
and  B.  The  vector  product  of  two  vectors  A  and  B  is  equal 
to  a  vector  C,  i.e. 

A  x  B  =  C 

The  magnitude  of  vector  C  is  given  by 
C  =  AB  sin  9 

The  direction  of  C  is  perpendicular  to  the  plane  formed 
by  A  and  B  and  is  given  by  the  right  hand  screw  rule. 

Properties  of  a  Vector  Product 

(i)  Vector  product  is  anticommutative,  i.e. 

(A  x  B)  =  -  (B  x  A) 

(ii)  A  x  A  =  0,  i.e.  the  vector  product  of  a  vector 
by  itself  is  zero.  This  is  because,  in  this  case, 
0=0,  and  hence  sin  0=0. 

Therefore  A  x  A  =  AA  sin  0  =  0 
Hence,  the  condition  for  two  vectors  to  be  parallel 
(0=0°)  or  antiparallel  ( 0  =  180°)  is  that  their  vector 
product  should  be  zero. 

If  A  x  B  =  0,  it  means  either  (i)  A  is  zero  or,  (ii)  B  =  0 
or  (iii)  the  angle  0  between  them  is  0°  or  180°. 

(iii)  The  distributive  law  holds  for  both  scalar  and  vec¬ 
tor  products,  i.e. 

A-(B  +  C)=A-B+A-C 
Ax(B  +  C)=AxB  +  AxC 

(iv)  (AA)  x  B  =  A  x  (AB)  =  A(A  x  B);  A  a  real  number. 

(v)  |A  x  Bj2  =  |A|2  |B|2  -  (A  ■  B)2. 

A  A  A 

(vi)  i  ,  j  and  k  are  the  three  mutually  perpendicular 
unit  vectors  at  the  origin  O  and  along  OX,  OY  and 
OZ  respectively;  the  right-hand  rule  gives: 


A 

A 

A 

A 

A 

i 

X 

j 

=  - 

j 

X 

i 

= 

k, 

A 

A 

A 

A 

A 

j 

X 

k 

=  - 

k 

X 

j 

i 

A 

A 

A 

A 

A 

k 

X 

i 

=  - 

i 

X 

k 

j  , 

A 

A 

A 

A 

A 

A 

i 

X 

i 

=  j 

X 

j 

= 

k 

x  k 

(vii)  (A  x  B) 


i  j 

A X  Ay 


A 


k 

4 

4 


=  i  (AVB:  A:BV)  +  j  (AZBX  AXBX) 
+  k  (AxBy-AyBx) 

Some  Examples  of  Vector  Product 


(i)  Torque  =  r  x  F,  where  r  is  the  position  vector  and 
F  is  the  force  vector. 

(ii)  Linear  velocity  =  (0  x  r  where  (O  is  the  angular  fre¬ 
quency  vector  and  r  is  the  position  vector. 

(iii)  Angular  momentum  =  r  x  p  where  r  is  the  position 
vector  and  p  is  the  linear  momentum  vector. 


EXAMPLE  3.5 


Find  the  angle  between  vectors  A  =  i  +  j  and 


SOLUTION 


A  B  =  AB  cos  0 

Magnitude  of  A  is  A  =  l2  +  l2  =  J. 2 
Magnitude  of  B  is  B  =  yj  l2  +  (-1)2  = 


(i  +  j)  •  (i  -  j)  =  V"2  x  ^2  cos0 

A  A  A  A  A  A  A  A 

=>  i  ■  i  -  j  •  j  =  2  cos0  (v  i  •  j  =  j  •  i  =  0) 

=>  1  -  1  =  2  cos  0  gives  cos  0  =  0  or  0  =  90° 


EXAMPLE  3.6 


Two  vectors  A  and  B  are  inclined  at  an  angle  0.  Using 
definition  of  scalar  product,  show  that  the  magnitude 
of  the  resultant  of  vectors  A  and  B  is  given  by 

R  =  j  A2  +B2  +2ABcos9 
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SOLUTION 


R  =  A  +  B.  Therefore, 

R  R  =  (A  +  B)  .  (A  +  B) 

=AA+AB+BA+BB 

R2  =  A2  +  2  A  ■  B  +  B2 
=  A2  +  B2  +  2  AB  cos  6 


R  =  -Ja2 


+  B2  +  2 AB  cos  d 


SOLUTION 


(A  x  B)  =  (2  i  —  3  j)  x  (5  i  +  4  j) 

AA  AA  AA  AA 

=  10ixi+8ixj-15jxi-12jxj 

A  A  A  A  A  A  A 

(v  ixi  =  jxj  =  0  and  j  x  i  =  -  k) 


=  0  +  8k  +  15k-0 


A 


EXAMPLE  3.7 


A  A 


A  A 


Given  A  =  2  i  -  3  j  and  B  =  5  i  +  4  j  .  Find  the  mag¬ 
nitude  and  direction  of  (A  x  B). 


=  23  k 

Thus  the  magnitude  of  (A  x  B)  is  23  units  and  its 
direction  is  along  +  z  axis. 


# 


1.  The  unit  vector  parallel  to  the  resultant  of  vectors 

AAA  AAA 

A  =  i+2j-3k  and  B  =  2i-j+k  is 

1  AAA  1  A  A  A 

(a)  — (3i-j+2k)  (b)  -  (2 i  +  j  - 2 k) 

1  A  A  A  1  A  A  A 

(c)  —j=  (3  i  +  2  j  -  2k)  (d)  —j=  (3  i  +  j  - 2 k) 

A  A  A 

2.  The  value  of  n  so  that  vectors  A=4i+nj-k  and 

AAA 

B  =  2i+3j+2k  are  perpendicular  to  each  other 
is 

(a)  -  1  (b)  -  2 

(c)  -  3  4 

A  A 

3.  The  angle  between  vectors  A  =  i  —  5  j  and 
B  =  2  i  —  1 0  j  is 

(a)  0°  (b)  90° 

(c)  120°  (d)  150° 

4.  The  angle  between  vectors  A  and  B  is  60°.  The  ratio 


A  B 

-  is 

|  AxB| 

(a)  72 

(b) 

V2 

(c)  7J 

(d) 

V3 

The  magnitude  of  the  resultant  of  two  equal  vectors 
is  equal  to  the  magnitude  of  either  vector.  The  angle 
between  the  two  vectors  is 
(a)  60°  (b)  90° 

(c)  120°  (d)  150° 

6.  Given  P  =  A  +  B  and  Q  =  A  -  B.  If  the  magnitudes 
of  P  and  Q  are  equal,  the  angle  between  vectors 
A  and  B  is 

(a)  zero  (b)  45° 

(c)  90°  (d)  180° 

A  A  A 

7.  A  vector  C  when  added  to  vectors  A=3i-5j+k 

AAA 

and  B=2i+3j-4k  gives  a  unit  vector  along  the 
y-axis  as  their  resultant.  Then  C  is 

AAA  AAA 

(a)  -5i+3j+3k  (b)  5i  — 3j  — 3k 

AAA  AAA 

(c)  -5i+2j+3k  (d)  5i  — 2j  — 3k 

8.  If  the  sum  A  +  B  of  two  vectors  A  and  B  equals  the 
difference  A  —  B  between  them,  then 

(a)  A  is  a  null  vector 

(b)  B  is  a  null  vector 

(c)  both  A  and  B  are  null  vectors 

(d)  neither  A  nor  B  is  a  null  vector 
Given  A  •  B  =  0  and  A  x  C  =  0.  What  is  the  angle 
between  B  and  C? 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 

5. 
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(a)  45°  (b)  90° 

(c)  135°  (d)  180° 

10.  The  resultant  of  two  vectors  A  and  B  subtends  an 
angle  of  45°  with  either  of  them.  The  magnitude  of 
the  resultant  is 

(a)  zero  (b)  72  A 

(c)  A  (d)  2  A 

11.  AandB  are  two  vectors  in  a  plane  at  an  angle  of  60° 
with  each  other.  C  is  another  vector  perpendicular 
to  the  plane  containing  vectors  A  and  B.  Which  of 
the  following  relations  is  possible? 

(a)  A  +  B  =  C  (b)  A  +  C  =  B 

(c)  A  x  B  =  C  (d)  A  x  C  =  B 

12.  Vector  C  is  the  sum  of  two  vectors  A  and  B  and 
vector  D  is  the  cross  product  of  vectors  A  and  B. 
What  is  the  angle  between  vectors  C  and  D? 

(a)  zero  (b)  60° 

(c)  90°  (d)  180° 

13.  The  resultant  of  two  vectors  of  magnitudes  3  units 
and  4  units  is  1  unit.  What  is  the  value  of  their  dot 
product? 

(a)  -  12  units  (b)  -  7  units 

(c)  -  1  unit  (d)  zero 

14.  The  resultant  of  two  vectors  of  magnitudes  3  units 
and  4  units  is  1  unit.  What  is  the  magnitude  of  their 
cross  product? 

(a)  12  units  (b)  7  units 

(c)  1  unit  (d)  zero 

15.  Three  vectors  A,  B  and  C  are  related  as  A  +  C  =  B. 

If  vector  C  is  perpendicular  to  vector  A  and  the 
magnitude  of  C  is  equal  to  the  magnitude  of  A, 
what  will  be  the  angle  between  vectors  A  and  B? 
(a)  45°  (b)  90° 

(c)  135°  (d)  180° 

16.  The  magnitude  of  the  resultant  of  (A  +  B)  and 
(A  -  B)  is 

(a)  2 A  (b)  2 B 

(c)  si  A2  +  B2  (d)  si  A2  - B 2 


17.  In  Q.16,  what  is  the  angle  between  the  resultant 
vector  and  vector  A? 


(a)  zero 


-l  (B 
(c)  cos  — 

u 


(b)  cos  1 
(d)  cos-1 


f  A-B^ 


A  +  B 


18.  If  i  and  j  are  unit  vectors  along  x-axis  and  y-axis 

A  A 

respectively,  the  magnitude  of  vector  i  +  j  will  be 
(a)  1  (b)  72 


(c)  73 


(d)  2 


19.  In  Q.  18,  the  angle  subtended  by  vector  i  +  j  with 
the  x-axis  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  75° 

A  ^  A 

20.  If  i ,  J  and  k  are  unit  vectors  along  x,  y  and 
z-axes  respectively,  the  angle  9  between  the  vector 

A  ^  A  A 

i  +  j  +  k  and  vector  i  is  given  by 


(a)  9  =  cos  1  ^-j= 


(c)  9  =  cos 


v  2  J 


(b)  9  =  sin  1  ^-j= 

73' 


(d)  9  =  sin  1 


21.  Given  that  0.2  i  +  0.6  j  +  ak  is  a  unit  vector. 
What  is  the  value  of  a? 

(a)  TOJ  (b)  70A 

(c)  706  (d)  7CV8 

A  ^  A  A 

22.  Given  A  =  i  +  j  and  B  =  i  +k  .  What  is  the  value 
of  the  scalar  product  of  A  and  B? 

(a)  1  (b)  72 

(c)  73  (d)  2 

23.  The  cross  product  of  vectors  A  and  B  in  Q.  22  is 

A  A  A  A  A  A 

(a)  i+j+k  (b)  i-j+k 

A  ^  A  A  ^  A 

(c)  i  +  j-k  (d)  i-j-k 

A  ^  A  ^ 

24.  Given  A  =  2  i  +  3  J  and  B  =  i  +  J  .  The  component 
of  vector  A  along  vector  B  is 

3  fA  A 

1  +  J 


i  +  J 


25.  In  Q.24,  above,  what  is  the  component  of  vector  A 
perpendicular  to  vector  B  and  in  the  same  plane  as  B? 

1 


(a) 

1  ! 

721 

A  aA 

,i+iJ 

(b) 

3 

72 

(c) 

5  1 

( A  A> 

(d) 

7 

72  1 

H 

72 

(b) 

72 

5  (A. 

(d) 

7 

72 

26.  The  magnitudes  of  vectors  A,  B  and  C  are  respec¬ 
tively  12,  5  and  13  units  and  A  +  B  =  C.  The  angle 
between  A  and  B  is 
(a)  zero  (b)  n 


(o  1 


W  f 


27.  The  sum  of  two  forces  acting  at  a  point  is  16  N.  If 
the  resultant  force  is  8  N  and  its  direction  is  perpen- 
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dicular  to  the  smaller  force,  then  the  forces  are 

(a)  6  N  and  ION  (b)  8  N  and  8  N 

(c)  4  N  and  12  N  (d)  2  N  and  14  N 

28.  Vector  A  of  magnitude  4  units  is  directed  along  the 
positive  x-axis.  Another  vector  B  of  magnitude  3 
units  lies  in  the  x-y  plane  and  is  directed  along  30° 
with  the  positive  x-axis  is  as  shown  in  Fig.  3.9. 
The  A  B  is 


(a)  6  units 
(c)  6V3  units 


(b)  6>/2  units 
(d)  12  units 


29.  In  Q.  28,  the  magnitude  of  A  X  B  is 

(a)  6  units  (b)  6'Jl  units 

(c)  6V3  units  (d)  12  units 

AAA 

30.  The  angle  9  between  vectors  A  =  i+2j+3k  and 

AAA 

B  =  i-2j+3k  is  given  by 


(a)  cos  9  =  — 
1 

(c)  cos  0  =  — 
7 


(b)  cos  9  =  — 
7 


(d)  zero 


31.  Two  vectors  C  =  A  +  B  and  D  =  A  -  B  are  perpen¬ 
dicular  to  each  other.  Then 

(a)  A  is  parallel  to  B 

(b)  A  is  perpendicular  to  B 

(c)  B  is  a  null  vector 

(d)  A  and  B  have  equal  magnitudes. 

AAA 

32.  A  body  moves  from  a  position  rr—  (2  i  -  3  j  -  4k) 

AAA 

metre  to  a  position  r2  =  (3  i  —  4  j  +  5k)  metre  under 


A  A  A 


the  influence  of  a  constant  force  F  =  (4i  +  j+  6k) 
newton.  The  work  done  by  the  force  is 
(a)  60  J  (b)  59  J 

(c)  58  J  (d)  57  J 

33 .  A  vector  A  is  along  the  positive  z-axis  and  its  vector 
product  with  another  vector  B  is  zero,  then  vector  B 
could  be 


(a)  i  +  j 


(b)  4  i 


(c)  j  +  k  (d)  -7k 

34.  A  body,  initially  at  rest,  is  acted  upon  by  four  forces 


A  A 


A  A 


Fj=  i+k,F2=2j  +  3k,F3=3i  andF4=  3 j  —  4 i . 
In  which  plane  will  the  body  move? 

(a)  x-y  plane  (b)  x  -  z  plane 

(c)  y  -  z  plane  (b)  none  of  these 

35.  A  is  a  vector  which  when  added  to  the  resultant  of 


AAA 


AAA 


vectors  (2  i  -  3  j  +  4k)  and  (i  +  5  j  +  2k)  yields  a 
unit  vector  along  the  j-axis.  Then  vector  A  is 


A  A  A 


A  A  A 


(a)  — 3i  —  j  —  6k  (b)  3i  +  j-6k 

AAA  AAA 

(c)  3i-j  +  6k  (d)  3i  +  j  +  6k 


36.  The  angle  between  two  vectors  A  and  B  is  9.  Vector 
R  is  the  resultant  of  the  two  vectors.  If  R  makes  an 


angle  ^  with  A,  then 


,b)  „ 


(a)  A  =  2B 

(c )  A  =  B  (d)  AB  =  1 

A 

37.  What  is  the  torque  of  a  force  F  =  (2  i  -  3  j  +  4k) 


AAA 


AAA 


newton  acting  at  a  point  r  =  (3i+2j+3k)  metre 
about  the  origin? 


A  A  A 


(a)  6i  -  6  j  +  12k  (b)  17  i  -  6  j  -  13k 

(c)  -  6  i  +  6  j  -  12k  (d)  -17  i  +  6  j  +  13k 


ANSWERS 


1.  (d) 

2.  (b) 

3.  (a) 

4.  (c) 

5.  (c) 

6.  (c) 

7.  (a) 

8.  (b) 

9.  (b) 

10.  (b) 

11.  (c) 

12.  (c) 

13.  (a) 

14.  (d) 

15.  (a) 

16.  (a) 

17.  (a) 

18.  (b) 

19.  (b) 

20.  (a) 

21.  (c) 

22.  (a) 

23.  (d) 

24.  (c) 

25.  (a) 

26.  (c) 

27.  (a) 

28.  (c) 

29.  (a) 

30.  (a) 

31.  (d) 

32.  (d) 

33.  (d) 

34.  (c) 

35.  (a) 

36.  (c) 

37.  (b) 
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SOLUTIONS 


1.  The  resultant  of  A  and  B  is 

AAA  AAA 

R  =  A  +  B  =  (i  +  2  j  -3k)+  (2i-j+k) 


A  A  A 

=  (3  i  +  j  -  2k) 

Magnitude  of  R  is  R  =  ^32  +  l2  +  (-2)2  =  Vl4 


R 


R 

R 


1 


(3  i  +  j  -  2k) 


So  the  correct  choice  is  (d). 

2.  A  and  B  will  be  perpendicular  to  each  other  if  A  •  B 
=  0,  i.e. 


AAA  AAA 

(4  i  +  n  j  -  k)  •  (2  i  +  3  j  +  2  k)  =  0 
=>  8  +  3n  —  2  =  0  =>  n—  —2 


3.  B  =  2(i-5j)  =  2A.  Hence  the  magnitude  of  B  is 
twice  that  of  A  and  the  direction  of  B  is  the  same 
as  that  of  A.  So  the  correct  choice  is  (a). 

A  B  AB  cos  9 

4.  -  = -  =  cot  9. 

|  A  x  B  |  AB  sin  9 

=  cot  60°  ( v  9  =  60°) 

1 

V3 

5.  R2  =  A2  +  B2  +  2 AB  cos  9.  It  is  given  that  R=A=B. 
Thus,  we  have 

A2  =  A2  +  A2  +  2 A2  cos  9 

=>  cos  0  =— —  =>  9  =  120° 

2 

6.  If  9  is  the  angle  between  A  and  B,  the  magnitudes 
of  P  and  Q  are  given  by 

P=^A2  +B2  +  2  AB  cose 

and  Q  =  \jA2+B2-  2  AB  cos  0 

Given  P  =  Q.  If  follows  that  cos  9  =  0  or  9  =  90°. 


7.  j  =  C  +  A  +  B  =  C  +  (3i -  5  j  +k)  +  (2i  +3  j  -4k) 


=  C  +5i  -2  j  -3k 

AAA 

=>  C  =  -  5  i  +  3  j  +3k 

8.  Given  A  +  B  =  A  -  B  which  gives  B  =  -  B.  This 
is  possible  only  if  B  is  a  null  vector.  Hence  the 
correct  choice  is  (b). 

9.  Since  A  •  B  =  0,  it  follows  that  A  is  perpendicular 
to  B.  Also  A  x  C  =  0.  Therefore  A  is  parallel  to  C. 
Hence  B  is  perpendicular  to  C.  Therefore,  the  cor¬ 
rect  choice  is  (b). 


1 0.  As  shown  in  Fig.  3 . 1 0,  the  angle  9  between  vectors 
A  and  B  is  90°.  Also  A  =  B.  Therefore,  the  magni¬ 
tude  of  the  resultant  is  given  by 
R2=A2+B2  +  2AB  cos  9 

=  A2  +  A2  +  2 A2  cos  90°  =  2 A2 
or  R  =  \f2  A. 


Fig.  3.10 

Hence  the  correct  choice  is  (b). 

11.  Since  C  is  perpendicular  to  both  A  and  B,  the  sum 
of  any  two  cannot  yield  the  third  vector.  Hence 
choices  (a)  and  (b)  are  not  possible.  Choice  (d)  is 
also  not  possible  because  B  is  not  perpendicular  to 

A.  Choice  (c)  is  possible. 

12.  Vector  C  lies  in  the  plane  containing  vectors  A  and 

B,  and  vector  D  is  perpendicular  to  both  A  and  B. 
Hence  D  must  be  perpendicular  to  C.  Hence  the 
correct  choice  is  (c). 

13.  Let  9  be  the  angle  between  the  two  vectors.  The 
resultant  is  given  by 

R2=A2  +  B2+  2AB  cos  9 
Putting  the  values  of  R,  A  and  B  we  get 

(l)2  =  (3)2  +  (4)2  +  2  x  3  x  4  x  cos  9 
or  cos  9=  -  1  or  9=  180° 

Now  A  B  =  AB  cos  9=  3  x  4  x  cos  1 80° 

=  -12 

Hence  the  correct  choice  is  (a). 

14.  The  magnitude  of  A  x  B  =  AB  sin  9  =  3  x  4  x 
sin  180°  =  0.  Hence  the  correct  choice  is  (d). 

15.  Since  A+  C  =  B,  vector  B  is  the  resultant  of  vectors 
A  and  C.  Using  the  triangle  law  of  vector  addition 
(see  Fig.  3.11),  we  have  9  =  45°  (v  A  =  Q 


Fig.  3.11 

Thus  the  correct  choice  is  (a). 
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16.  The  resultant  R  of  vectors  (A  +  B)  and  (A  -  B)  is 
R  =  (A  +  B)  +  (A  -  B)  =  2A 

The  magnitude  of  the  resultant  =  2/1.  Hence  the 
correct  choice  is  (a) 

17.  Since  R  =  2A,R  is  parallel  to  A.  Hence  the  correct 
choice  is  (a). 


A  A  A 

18.  Let  i  and  j  represent  the  magnitudes  of  vectors  i 

A  A  A 

and  j  respectively.  Since  i  and  j  are  unit  vectors, 

A  A 

i  =  1  and  j  =  1 .  Therefore,  the  magnitude  of  vector 


Thus  the  correct  choice  is  (b). 

A  A 

19.  The  angle  subtended  by  vector  i  +  j  with  the 
x-axis  is  given  by 

A 

i  1 

tan  0  =  -  =  -  =1 
A.  1 
J 

or  0  =  45°  which  is  choice  (b). 


20.  cos  0  =- 


A  A  A  \  A 


i  +  j  +  k  .i 


'  a2  a2  a2^ 
i  +  j "  +  k 

V  J 

.1  +  0  +  0  1 

73  “73 


1/2 


X  l 


A  A  A  A  A  A 

i  i  +  j  i +k  i 


(1  + 1  + 1)1/2  x  1 


A  A  A  A  A  A 

(  v  j  i  =  k  i  =0  and  i  i  =  1 ) 

Hence  the  correct  choice  is  (a). 

21.  Here  (0.2)2  +  (0.6)2  +  a2  =  1  or  a2  =  1  -  0.04  -  0.36, 

=  0.6  or  a  =  V0T>  .  So  the  correct  choice  is  (c). 


22.  A  B  = 


i  +  k 


AA  AA  AA  AA 

=ii+ik+ji+jk 


=  1  +  0  +  0  +  0=  1 
Thus  the  correct  choice  is  (a). 

f A  aA  f A  A 

23.  AxB=  i  +  j  x  i+k 


= ixi+ixk+jxi+jxk 

AAA 

=  0  -  j  -  k  +  i  which  is  choice  (d). 

A 

24.  The  component  of  vector  A  along  vector  B  =  (A  B)  B 

A  B 

where  B  =  —  where  B  is  the  magnitude  of  vector 
B.  Now 


(A-  B)  =  2i  +3  j  -i  +  j 


AA  AA  AA  AA 

=  2  i  i  +2i  j  +3  j  i  +  3  j  j 

=2+0+0+3=5 


Also 


B 


B  i  +  j 

B  A  A 

*  +7 


A  A 

i  +  j 


V2 


1  (2  * 

i  +  J 


5  (A  Ah  . 

Thus  the  answer  is  —j=  I  i  +  j  I  which  is  choice  (c). 


/aaV/aaV  r  A  A 

25.  Since  i  +  j  •  i  —  j  =0,  vector  i  -  j 


is  per¬ 


pendicular  to  vector  |^i  +  j  J  .  Let  j^i  —  j  |  =  C.  Now 


A  A  \  /  A  A 


(A  •  C)  =  ^2i  +  3jJ|i-j 
The  required  component  is 


(»c)L 

c 


A  \  {  A  A 


2i  +  3  j  ■  i  -  j 


i  ~  J 

A  A 

i~j 


72lI“,J  =  7J|,“I 


■■■  i-j=y/l+ 1  =  72  and  (2  i  +  3  j)  •  (i  -  j) 
=  -l 

Thus  the  correct  choice  is  (a). 

26.  Since  A  +  B  =  C,  vector  C  is  the  resultant  of  vec¬ 
tors  A  and  B.  If  the  angle  between  A  and  B  is  0,  the 
magnitude  of  the  resultant  is  given  by 

C2  =  A2  +  B2  +  2AB  cos  G 

or  (13)2  =  (12)2  +  (5)2  +  2  x  12  x  5  x  cos  6 

which  gives  cos  6=  0  or  6=  nil.  Hence  the  correct 
choice  is  (c). 

27.  As  shown  in  the  figure,  F  is  the  resultant  of  Fj  and 
F2  and  Fj  is  the  smaller  force.  Now 

F\  =  F\  +  F2  =  F\  +  (8)2  (i) 

and  Fx  +  F2  =  16  or  F2  =  16  —  Fx  (ii) 


Vectors  3.11 


Fig.  3.12 

Using  (ii)  in  (i)  we  have  (16  -  F j)2  =  F\  +  64, 
which  gives  Fx  =  6  N. 

Therefore  F2=  16  —  6  =  ION.  Hence  the  correct 
choice  is  (a). 

A  A 

28.  Let  i  and  j  be  the  unit  vectors  along  positive  x  and 
/-axes  respectively.  Then 

A  =  4  i  and  B  =  3  cos  30°  i  +  3  sin  30°  j 

3x/3 :  3  0 

=  - 1  +-j 

2  2 


A  B  =  4  i 


f  3V3  0  3^| 
1  — i  +  —  j 
2  2 


=  6V3 

\  A  A  A 

(•••  i  i  =  1;  i  j  =0) 


29.  A  x  B  =  4  i  x 


f  3V3  3  0' 


=  0  +  6  k 


AAA 


(v  i  x  i  =  0;  i  x  j  =k ) 

A 

=  6  k 

Hence  the  correct  choice  is  (a). 

30.  Angle  9  between  vectors  A  and  B  is  given  by 

A  B 

cos  9  = - 

AB 

A  A  AAA  A 

A  B  =  ( i  +  2  j  +  3  k )  ■  ( i  -2j  +  3k) 

=  (l)2  +  2  x  -  2  +  (3)2 
= 1 -4+9=6 
A  =  {(l)2  +  (2)2  +  (3)2] 1/2 

=  (1  +  4  +  9)1/2=^ 

B  =[(1)2  +(-2)2  +  (3)2  ]1/2  =  Vl4 
6  6  3 


cos  9  = 


Vl4  x  Vl4  14  7 


31.  Since  C  and  D  are  at  right  angles  to  each  other, 
C  •  D  =  0  or  (A  +  B)  •  (A  -  B)  =  0 

orH2  A  B  +  B  •  A-R2  =  0 

or A=B  ( v  A  B  =  B  A) 

32.  Displacement  r  =  r2  - 

AAA  AAA 

=  (3i-4j  +  5k)  —  (2i  — 3j  — 4k) 

(a  a  a\ 

=  i  -  j  +  9  k  metre 


Work  done  W  =  F  •  r 

A  A  A  A  A  A 

=  (4i  +  j  +  6k)  •  (i  —  j  +  9k)  newton  metre 
=  (4  -  1  +  54)  =  57  newton  metre  or  57  J. 

33.  The  vector  product  of  two  non-zero  vectors  is  zero 
if  they  are  in  the  same  direction.  Hence,  vector  B 
must  be  parallel  to  vector  A,  i.e.  along  ±  z-axis. 

34.  Resultant  force  =  Ft  +  F,  +  F3  +  F4 

A  A  A  A  A  A  A 

=  (i+k)  +  (2j  +  3  k  )  +  3  i  +  (3  j  — 4  i  ) 

A  A 

=  5j  +  4  k 

35.  Given  A  +  (2  i  -3j  +  4k)  +  (i  +  5j  +2k)=lj 

36.  The  angle  a  which  the  resultant  R  makes  with  A  is 
given  by 

tan  a  =  ■ 


Bs\n9 


A  +  B  cos  9 


given  a  =  ^ .  Hence 


tanffl=  tome 

A  +  Bcos9 


U 

9 


sm 


or 


9 

cos  |  — 

'2 


2f?sin(  —  |  cos  [  — 

{2J  { 2 

A  +  B  cos  9 


which  gives  A=  B. 

37.  Torque  =  r  X  F  = 


1  J 

3 

2 


k 

2  3 

-3  4 


=  i  [8  -  (-  9)]  -  j  (12  -  6)  +  k  (-9-4) 

A  A  A 

=  17  i  -6  j  -  13k 
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# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Two  vectors  of  the  same  physical  quantity  are  un¬ 
equal  if 

(a)  they  have  the  same  magnitude  and  the  same 
direction 

(b)  they  have  different  magnitudes  but  the  same 
direction 

(c)  they  have  the  same  magnitude  but  different 
directions 

(d)  they  have  different  magnitudes  and  different 
directions. 

2.  Given  A  =  B.  This  means  that  vectors  A  and  B 

(a)  have  equal  magnitudes 

(b)  have  unequal  magnitudes 

(c)  are  in  opposite  directions 

(d)  are  in  the  same  direction. 

3.  Which  of  the  following  is  a  null  vector? 

(a)  Velocity  vector  of  a  body  moving  in  a  circle 
with  a  uniform  speed 

(b)  Velocity  vector  of  a  body  moving  in  a  straight 
line  with  a  uniform  speed 

(c)  Position  vector  of  the  origin  of  a  rectangular 
coordinate  system 

(d)  Displacement  vector  of  a  stationary  object 

4.  The  magnitudes  of  four  pairs  of  displacement 
vectors  are  given.  Which  pairs  of  displacement  vec¬ 
tors  cannot  be  added  to  give  a  resultant  vector  of 
magnitude  4  cm? 

(a)  1  cm,  1  cm  (b)  1  cm,  3  cm 


(c)  1  cm,  5  cm  (d)  1  cm,  7  cm 

5.  The  dot  product  of  two  vectors  A  and  B  is  zero  if 

(a)  A  is  a  null  vector  and  B  a  proper  vector 

(b)  A  is  a  proper  vector  and  B  is  a  null  vector 

(c)  A  and  B  are  both  null  vectors 

(d)  A  and  B  are  proper  vectors  perpendicular  to 
each  other. 

6.  The  cross  product  of  two  vectors  A  and  B  is  zero  if 

(a)  A  is  a  null  vector  and  B  is  a  proper  vector 

(b)  A  is  a  proper  vector  and  B  is  a  null  vector 

(c)  A  and  B  are  both  null  vectors 

(d)  A  and  B  are  proper  vectors  parallel  to  each 
other. 

7.  If  A  x  B  =  C,  which  of  the  following  statements  is/ 
are  correct? 

(a)  C  is  perpendicular  to  A 

(b)  C  is  perpendicular  to  B 

(c)  C  is  perpendicular  to  both  A  and  B 

(d)  C  is  parallel  to  both  A  and  B 

8.  Which  of  the  following  vector  identities  is/are 
false? 

(a)  A  B  =  B  A  (b)  A  B  =  -  B  A 

(c)  A  X  B  =  B  x  A  (d)  AxB=BxA 

9.  A  and  B  are  two  perpendicular  vectors  in  a  plane. 
C  is  another  vector  perpendicular  to  the  plane  con¬ 
taining  vectors  A  and  B.  Which  of  the  following 
relations  is/are  possible? 

(a)  A  +  B  =  C  (b)  A  +  C  =  B 

(c)  A  x  B  =  C  (d)  A  x  C  =  B 


ANSWERS  AND  SOLUTIONS 

1.  The  correct  choices  are  (b),  (c)  and  (d). 

2.  Given  A  =  —  B,  i.e.  A  +  B  =  0.  Two  vectors  add 
up  to  zero  only  if  they  have  equal  magnitudes  and 
opposite  directions.  Hence  the  correct  choices  are 
(a)  and  (c). 

3.  The  correct  choices  are  (c)  and  (d) 

4.  The  magnitude  R  of  the  resultant  of  two  vectors  A 
and  B  depends  upon  the  magnitudes  of  A  and  B  and 
the  angle  6  between  them  and  is  given  by 

R2=A2  +  B2  +  1AB  cos  9 
When  0  =  0,  R  is  maximum  given  by 
R2max=A2+B2  +  2AB 


or 


R„ 


=  A  +  B 


5. 


6. 


7. 


When  d=  180°,  R  is  minimum  given  by 

R2miD=A2+B2-2AB 
or  Rmm=A~B 

Thus,  the  magnitude  of  resultant  will  lie  between 
A-  B  and  A  +  B.  Hence  the  correct  choices  are  (a) 
and  (d). 

A  •  B  =  AB  cos  0=OifH  =  Oori?=Oor0  =  90°. 
Hence  all  the  four  choices  are  correct. 

A  x  B  =  AB  sin  0  =  0  if  A  =  0  or  B  =  0  or  6  =  0°. 
Hence  all  the  four  choices  are  correct. 

The  correct  choices  are  (a),  (b)  and  (c). 
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8.  The  scalar  product  is  commulative,  i.e.  A  B  =  B  A. 
Vector  product  is  anti-commutative,  i.e.  A  x  B 
=  -  B  x  A.  Hence  choices  (b)  and  (c)  are  false. 

9.  Since  C  is  perpendicular  to  both  A  and  B,  the  sum 
of  any  two  cannot  yield  the  third  vector.  Hence 


choices  (a)  and  (b)  are  not  possible.  Since  A  is 
perpendicular  to  B,  the  three  vectors  are  mutu¬ 
ally  perpendicular.  Hence  choices  (c)  and  (d)  are 
possible. 


1.  Match  the  following. 

Column  I 

(a)  A  B  =  B  A. 

(b)  A  x  B  =  B  x  A 

(c)  A  •  B  =  0 

(d)  A  x  B  =  0 

ANSWER 

1.  (a)  — >  (s) 

(c)  -» (q) 


# 

Matching 

Column  II 

(p)  False 

(q)  A  and  B  are  perpendicular  to  each  other 

(r)  A  and  B  are  parallel  to  each  other 

(s)  True 

(b)  ->(p) 

(d)  — >  (r) 


4 

Chapter 


REVIEW  OF  BASIC  CONCEPTS 

4.1  j  PROJECTILE  MOTION _ 

Projectile  is  the  name  given  to  a  body  which,  after  having 
been  given  an  initial  velocity,  is  allowed  to  move  under  the 
influence  of  gravity  alone. 


Fig.  4.1 

(i)  A  body  projected  horizontally  with  a  velocity  u  from 
a  height  h.  [Fig.  4.1]  Horizontal  and  vertical  dis¬ 
tances  covered  in  time  t  are 


X  = 

ut 

(4.1) 

y  = 

1  2 

2g? 

(4.2) 

Differentiating 

Eqs.  (4.1)  and  (4.2)  w.r.t  time  t,  we 

get  the  horizontal  and  vertical  velocities. 

dx 

(4.3) 

—  =  ll 

dt 

yv  = 

II 

Grq 

(4.4) 

Equation  to  trajectory 

Eliminating  t  from  Eqs.  (4.1)  and  (4.2),  we  get 


2 

Since  y  ° <=  x  ,  the  trajectory  of  the  body  is  para¬ 
bolic. 


Time  of  flight  (tf) 

Putting  y  =  h  and  t  =  tj  in  Eq.  (4.2),  we  get 
lf= 

Horizontal  range  ( R ) 

Putting  t  =  tf  and  x  =  R  in  Eq.  (4.1),  we  get 

R  =  u  f  =  u 
Magnitude  of  resultant  velocity  at  time  t  is 

v=(u2+g2  t2T 

The  angle  a  which  the  resultant  velocity  vector 
subtends  with  the  vertical  is  given  by 
u 

tan  a  =  — 
gt 


(ii)  A  body  projected  from  the  ground  with  a  velocity  u 
at  an  angle  9  with  the  horizontal.  (Fig.  4.2) 

The  horizontal  and  vertical  distances  covered  in 
time  t  are 


x  =  (u  cos  9)t  (4.5) 

1  ? 

and  y  =  (u  sin  6)t  -  —gt  (4.6) 

Horizontal  and  vertical  components  of  the  velocity 
at  time  t  are 


vx  =  u  cos  0 

and  uv  =  u  sin  9  -  gt 
Magnitude  of  resultant  velocity  at  time  t  is 


(4.7) 

(4.8) 
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The  angle  a  subtended  by  the  resultant  velocity 
vector  with  the  horizontal  is  given  by 

Vy 

tan  a=  — 


Equation  of  trajectory 

Eliminating  t  from  Eqs.  (4.5)  and  (4.6),  we  get 

2 


y  =  (tan  9)x  - 


gx 

2 u2  cos2  9 


Time  of  flight  (tj) 

Putting  y  =  0  and  t  =  tf in  Eq.  (4.6),  we  get 


2u  sin  9 


Maximum  height  attained  (/»max) 

Put  t  =  tj/2  and  y  =  hmax  in  Eq.  (4.6),  we  get 

,  u1  sin2  9 

h  =  - 

max  ~ 

2  g 

Horizontal  range  ( R ) 

Putting  t  =  6-and  x  =  R  in  Eq.  (4.5)  we  get 

«2  sin  (20) 

R  —  - 

g 


(iii)  A  body  projected  from  a  height  h  with  a  velocity  u 
at  an  angle  6  with  the  horizontal.  (Fig.  4.3) 


Fig.  4.3 

If  T  is  the  total  time  of  flight,  then  we  have 
h=  uyT-l-gT 2  =  (usme)T-^gT2 


...  .  „  u  sin  9 

which  gives  T  =  - 

g 

The  horizontal  range  is  R' 


f  u2  sin2  9  2/7  Y  " 

\  g  gJ 

=  (m  cos  Q)T 


Applications 

(i)  The  horizontal  range  is  the  same  for  angles  9  and 
(90°  -  9). 

(ii)  The  horizontal  range  is  maximum  for  9  =  45°. 

^ma 

(iii)  When  horizontal  range  is  maximum,  hmax  =  — 


,  1  2 

(iv)  At  the  point  of  projection,  KE  =  —  mu~ ,  PE  =  0. 

1  2  2 

Total  energy  E  =  —  mu  . 

(v)  At  the  highest  point,  KE  =  Y  mu 2  cos2  q 


1  2  1  12 

and  PE  =  total  energy  -  KE  =  —  mu  -  —  mu  cos  9 

1  2  .  2/, 

=  —  mu  sm  9. 

2 

(vi)  To  find  R  and  hmax  from  the  equation  of  trajectory 

y  =  ax  -  bx2 

where  a  and  b  are  constants,  refer  to  Fig.  4.4. 


y 


Fig.  4.4 


(a)  At  O  and  B,y  =  0.  Putting  y  =  0  in  the  above 
equation,  we  have  0  =  ax  -  bx 2  =>  x  =  0, 

x  =  alb.  Therefore  R  =  —  . 

b 


(b)  At  A,  y  =  hmax  and  x  = 


R 

2 


a 

2b 


.  Using  these 

2 


.  •  ,2  ,  a 

values  my  =  ax  -  bx ",  we  get  /7max  =  — . 

4b 


(vii)  If  A  and  B  are  two  points  at  the  same  horizontal 
level  on  a  trajectory  at  a  height  h  from  the  ground, 
(see  Fig.  4.5),  then 
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y 


Fig.  4.5 

,  ,  2 u  sin  0 

(a)  tf  =  - =  h+t2 

8 

(b)  h  =  -  gtx  t2 

(c)  Average  velocity  during  time  interval  ( t2  -  ?,  ) 
is  ztav  =  u  cos  0 

(y  during  this  interval,  the  vertical  displace¬ 
ment  is  zero) 

(viii)  Velocity  and  Direction  of  Motion  of  Projectile  at 
any  Height.  Let  P  be  a  point  on  the  trajectory  of  a 
projectile  at  a  height  h  and  let  v  be  the  velocity  of 
the  projectile  at  that  height.  If  a  is  the  angle  which 
the  velocity  vector  makes  with  the  horizontal,  then 
the  horizontal  and  vertical  components  of  the 
velocity  are  given  by  vx  =  ux  =  constant 


or 

v  cos  a  =  u  cos  0 

(i) 

and 

v2y  =  u2y  -  2gh 

or 

(v  sin  a)2  =  (u  sin  0)2  =  -  2gh 

(ii) 

Squaring  Eq.  (i)  and  then  adding  to  Eq.  (ii),  we 
get 

v2  =  v\  +  Vy  =  u2  -  2 gh 

or  v  =  ( u 2-  2gh)m 

This  gives  the  speed  of  the  projectile  at  height  h. 
The  direction  of  the  velocity  vector  (i.e.,  direction 
of  motion)  is  obtained  by  taking  the  square  root  of 
Eq.  (ii)  and  then  dividing  by  Eq.  (i).  We  get 

sin  a  («2  sin2  0  -  2ghf2 

tan  a  =  -  =  - 

cos  a  mcos0 

(ix)  Time  of  Flight  and  Range  of  a  Projectile  on  an 
Inclined  Plane 

Consider  an  inclined  plane  OAB  making  an  angle 
a  with  the  horizontal  (Fig.  4.6).  Let  a  body  be  pro¬ 
jected  with  a  velocity  u  at  an  angle  0  with  the  hori¬ 
zontal.  Let  us  choose  the  x-axis  along  the  plane  OA 
and  y-axis  perpendicular  to  the  plane  OA.  Let  the 
body  hit  the  inclined  plane  at  point  P  so  that  R  = 
OP  is  the  range  on  the  inclined  plane.  The  x  and  y 
components  of  the  velocity  of  the  projectile  are 


vx  =  u  cos  (0  -  a) 


and  vy  =  u  sin  (0  -  a) 

The  x  and  y  components  of  acceleration  due  to 
gravity  are  -  g  sin  a  and  -  g  cos  a  respectively,  as 
shown  in  Fig.  4.6.  Let  7)  be  the  time  of  flight  on  the 
inclined  plane.  Since  the  net  vertical  displacement 
in  time  7)  is  zero  (i.e.,  h  =  0),  we  have 

0  =  vy  Tf  -  ^gcosaT2 


or 

or 

or 


0  =  vy  -  —  g  cos  a  Ty 


0  =  u  sin  (0 -  a)  -  —  g  cos  aTf 

^  _  2«  sin  (0  -  a) 

V- 

g  cos  a 


(iii) 


Fig.  4.6 


During  this  time,  the  horizontal  component  of  ve¬ 
locity  u  cos  0  remains  constant.  Hence,  horizontal 
distance  OQ  is 

OQ  =  (u  cos  0)Tf 

Range  of  the  projectile  on  the  inclined  plane 
is 


00  (u  cos  6)  Tf 
R=  OP  =  — 

cos  a  cos  a 

Using  Eq.  (iii)  in  Eq.  (iv),  we  get 

2  m2  sin  (0  -  a)  cos  0 

^ —  2 
g  cos  a 


(iv) 


EXAMPLE  4.1 


A  body  is  projected  horizontally  with  a  velocity  of 
10  ms1  from  the  top  of  building  20  m  high.  Find 

(a)  horizontal  distance  from  the  bottom  of  the  build¬ 
ing  at  which  the  body  will  strike  the  ground. 

(b)  the  magnitude  and  direction  of  the  velocity  of  the 
body  1  s  after  it  is  projected.  Take  g  =  10  ms~2. 
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SOLUTION 


(a)  Refer  to  Fig.  4. 1  on  page  4. 1 .  Given  h  =  —  20  m, 

— 1  —2 

u  =  10  ms  ,  and  g  =  —  10  ms  .  Time  taken  by 
the  body  to  go  from  A  to  B  is 


Horizontal  distance  OB  =  R  =  ut=  10  x  2  =  20  m 

(b)  Refer  to  Fig.  4.1  again.  Horizontal  velocity  at  t 
=  1  s  is 

vx  =  u=  10  ms  '.  Vertical  velocity  at  ?  =1  s  is  (since 
initial  vertical  component  of  velocity  u  =  0) 

v.,  =  uv  +  at  =  0  -  10  X  1  =>  vv  =  -  10  ms-1 

y  y  y 

Magnitude  of  resultant  velocity  is 

v=  Jv2x+v2y=jl02+(-l0)2 

=  V200  =10V2  ms-1 

The  angle  a  which  the  resultant  velocity  vector 
subtends  with  the  vertical  is  given  by 

v  10  .„ 

tan  a  =  -  —  =1  — >  a  =  45 

v  10 

y 


EXAMPLE  4.2 


I  A  ball  is  thrown  with  a  velocity  of  20  ms-1  at  an  angle 
of  30°  above  the  horizontal  from  the  top  of  a  building 
15  m  high.  Find  (take  g  =  10  ms~2) 

(a)  the  time  after  which  the  ball  hits  the  ground. 

(b)  the  distance  from  the  bottom  of  the  building  at 
which  it  hits  the  ground. 

(c)  the  velocity  with  which  the  ball  hits  the  ground. 

(d)  the  maximum  height  attained  by  the  ball  above 
the  ground. 


Refer  to  Fig.  4.7.  The  horizontal  and  vertical  compo¬ 
nents  of  initial  velocity  are 

(a)  ux  =  20  cos  30°  =  loVI  ms-1 

Uy  =  20  sin  30°  =  10  ms-1  (vertically  upwards) 
Horizontal  acceleration  ax  =  0  and  vertical  accel¬ 
eration  av  —  —  10  ms~2  (vertically  downwards). 
Vertical  displacement  S  =  —  H  =  -  15  m. 

Since  the  vertical  and  horizontal  motions  are 
independent  of  each  other,  we  have,  for  vertical 
motion. 

1  9 

S  =  uj  +  —  at 
y  2  ' 

=>  -15  =  10*  +  ^  x  (-  10 )r 

=>  -15  =  10* -5^ 

=>  t2  -  2t  -  3  =  0 
=>  i  =  -  1  s  or  3  s. 

Since  t  =  -\  s  is  not  possible,  the  ball  with  strike 
ground  at  point  C  after  3  seconds. 

(b)  Horizontal  range  R  =  OC  =  uj  =  10 VI X  3 

=  30V3  m 

(c)  Horizontal  velocity  component  at  C  is 

vx  =  ux  =  10  VI  ms-1 

Vertical  velocity  component  at  C  is 

vy  =  uy  +  ayt  =10-10x3  =  - 20  ms-1 

The  negative  sign  shows  that  the  ball  is  moving 

downwards.  _ 

Resultant  velocity  v  =  +  v2 

=  V(10VI)2  +  (20)2  =  10 VI  ms"1 


SOLUTION 


Fig.  4.7 


tan  a  = 


vx  10VI  VI 

\v  n  20  2 


a  =  tan 


-1 


^VIA 

v  2  J 


with  the  vertical. 


(d)  Maximum  height  attained  above  the  ground  is 


/jmax  ~  h  +  H 


u2  sin^  9 


2  g 


+  H 


=  (20)2  sin2  (30°) 
2x10 

=  5  +  15  =  20  m 


+  15 
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EXAMPLE  4.3 


I  A  stone  thrown  from  the  ground  at  an  angle  of  45° 
above  the  horizontal  strikes  a  vertical  wall  at  a  point 
10  m  above  the  ground.  If  the  wall  is  at  a  distance  of  20 
m  from  the  point  of  projection,  find  (take  g  =  10  ms~2) 
(a)  the  speed  with  which  the  stone  is  projected, 

(b)  the  magnitude  and  direction  of  the  velocity  of 
the  stone  when  it  strikes  the  wall. 


SOLUTION 


Fig.  4.8 

(a)  Let  P  be  the  point  on  the  wall  where  the  stone 
strikes  it.  Taking  the  point  of  projection  O  as  the 
origin,  the  coordinates  of  P  are  (20  m,  10  m) 
[Fig.  4.8] 

x  =  (u  cos  6)t  (1) 

y  =  («  sin  6)t  -  -gt2  (2) 

Putting  x  =  20  m,  y  =  10  m,  g  =  10  ms-2  and 
6=  45°  in  Eqs.  (1)  and  (2),  we  have 


20  =  (u  cos  45°)f  =  —j=  t 
V 2 


t  = 


20V2 


(3) 


1  9 

and  10  =  (u  sin  45°)f  -  —  x  10  X  r 

2 

ut  ■} 

=>  10  =  —j=  —5  r 

V2 


(4) 


=>  V. 2V  =  0  =>  vy  =  0 

Hence  point/*  is  at  the  highest  point  on  the  trajec¬ 
tory  where  the  velocity  is  only  horizontal.  Thus 
the  stone  strikes  the  wall  at  P  with  a  velocity  of 
20 

—j=  =  1 0\/2  ms-1  in  the  horizontal  direction. 
v2 


EXAMPLE  4.4 


A  ball  projected  with  a  velocity  of  10  ms-1  at  an 
angle  of  30°  with  the  horizontal  just  clears  two  verti¬ 
cal  poles,  each  of  height  1.0  m.  Find  the  separation 
between  the  poles.  Take  g  =  10  ms~2. 


SOLUTION 


Refer  to  Fig.  4.9.  Let  us  calculate  the  two  values  of  t 
at  which  the  ball  passes  just  above  P  and  R.  For  each 
pole  h  =  1.0  m 


Fig.  4.9 

y-component  of  velocity  is  u  =  u  sin0  =  10  sin  30° 

—  1  ^ 

=  5  ms  . 

h  =  iiyt  +  ^ gt 2 

=>  1.0  =5 1  +  ^(-10)f2 

=>  5 12  -5t  +  1.0  =  0 

The  two  roots  of  this  quadratic  equations  are  tx  =  0.72  s 
and  t2  =  2.76  s.  Therefore 

OQ  =  uxtl  =  10  cos  30°  x  0.72  =  6.2  m 


Using  (3)  in  (4) 


u  20V2  J  20  V2 

10  =  -^x - 5 

v2 


10  =20  - 


u 

4000 


u 2  =  400 


u  =  20  ms 


20 


(b)  At  point  P,  v  =  20  cos  45°  =  — j=  ms  1 

v2 

20  , 

u„  =  u  sin0  =  20  sin  45°  =  — ms 

y  V2 

9  9  9  400 

vl  =  u2v  -2gx  10  =>  vl  = - 2  x  10  x  10 

y  y  0  y  2 


and  OS  =  uxt2  =  10  cos  30°  x  2.76  =  23.9  m 
QS  —  23.9  —  6.2  =  17.7  m 


EXAMPLE  4.5 


A  projectile  has  the  same  range  R  =  40  m  for  two 
angles  of  projection.  If  7j  and  T2  are  the  times  of 
flight,  find  T1  T2.  Given  g  =  10  ms~2. 


SOLUTION 


For  a  given  speed  u  of  projection,  a  projectile  has  the 
same  range  for  angles  of  projection  6  and  (90°  -  6). 
Therefore 
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and 


h 

t2 

T\T 2 


2 u  sin  0 
g 

2m  sin  (90° -0)  2m  cos  0 


g 

4 u2  sin  9  cos  0 


g 


g 


2 u  sin  (20)  2 R 

g 

2 


g 

2x40 
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=  8  S 


VBA  =  VB  ~  VA  =  VB+  (-  VA) 

Thus  the  magnitude  and  direction  of  vector  vBA  can  be 
found  by  finding  the  resultant  of  vectors  vB  and  — vA 
which  is  vector  OC  as  shown  in  Fig.  4.10. 

Magnitude  of  vector  vBA  is  given  by 
vba  =  (VA  +  ub  +  2vavb  cos  a)' 7  ' 

=  (v\  +  v2B  -  2v Av B  co s0)'  2  (va  =  180°-  0) 

The  angle  /3  which  the  resultant  vector  OC  subtends 
with  vector  OD  is  given  by 


EXAMPLE  4.6 


I  A  ball  is  thrown  from  a  point  with  a  speed  u  at  an 
angle  0  with  the  horizontal.  From  the  same  point  and 
at  the  same  instant,  a  person  starts  running  with  a 
constant  speed  m/2  to  catch  the  ball.  Will  he  be  able  to 
catch  the  ball?  If  yes,  what  should  be  the  value  of  0? 


SOLUTION 


The  person  will  catch  the  ball  if  the  horizontal  rane 
=  the  distance  covered  by  him  in  the  time  of  flight, 
i.e.  if 


R  =  —xtf 
2  f 

u~  sin  (20)  u  2m  sin  0 

-  =  -x - 

S  2  g 


cos  0  =  — 
2 


0=  60° 


4.2  :  RELATIVE  VELOCITY  IN  TWO  DIMENSIONS 

_ I _ 

The  relative  velocity  of  a  body  B  with  respect  to  body  A 
is  defined  as 

VBA  =  Vb-Va 

If  vectors  vA  and  vB  are  inclined  to  each  other  at  an  angle 
0  as  shown  in  Fig.  4. 1 0,  the  relative  veliocity  vBA  is  found 
as  follows. 


C  B 


Fig.  4.10 


OC 
sin  0 

=>  sin 


CD 
sin  P 

CD  sin  0  vBsin9 

OC  VBA 


Special  Case 

(i)  If  vector  vA  and  vB  are  in  the  same  direction,  0=0°, 
then  vBA  =  jv2A+v2B-2vAvB  =vb-  va. 

(ii)  If  vector  vA  and  vB  are  in  opposite  direction,  0  = 
180°,  then  vBA  =  vB  +  vA. 


Applications 

(i)  To  cross  the  river  of  width  d  along  the  shortest  path 
which  is  PQ,  the  boat  must  move  along  PR  making 
an  angle  (90°  +  0)  with  the  direction  of  the  stream 
such  that  the  direction  of  the  resultant  velocity  v  is 
along  PQ.  Angle  0  is  given  by  (see  Fig.  4.11) 


R  vw  Q 


vb 

Also  V  =  sjv2b  -v2a 

The  time  taken  to  cross  the  river  along  the  shortest 
path  is  given  by 

_  d  d 
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(b)  To  cross  the  river  in  the  shortest  time,  the  boat 
should  move  along  PQ.  The  shortest  time  is  given 
by 

d 

t  =  — 

vb 

At  this  time,  the  boat  will  reach  the  point  R  on  the 
opposite  bank  of  the  river  at  a  distance  x  from  the 
point  Q  (Fig.  4.12).  From  the  Figure,  we  have 


but  tan  0  =  —  Therefore, 

vb 


\vhJ 

(ii)  Holding  an  Umbrella  to  Project  from  Rain  Let  vr 
be  the  velocity  of  the  rain  falling  vertically  down¬ 
ward  and  vm  the  velocity  of  a  man  walking  from 
north  to  south  direction  (Fig.  4.13).  In  order  to  pro¬ 
tect  himself  from  rain,  he  must  hold  his  umbrella 
in  the  direction  of  the  resultant  velocity  v,  which  is 
given  by 

v  =  V  v ;  +  v;n 


South - <- 

vm 


North 


Fig.  4.13 


This  is  the  speed  with  which  the  rain  strikes  the 
umbrella.  If  6  is  the  angle  subtended  by  the  resul¬ 
tant  velocity  v  with  the  vertical,  then  from  triangle 
ORM\  we  have 


tan  0  = 


RM' 

~OR 


or 


6  =  tan 


-l 


A,  h 


\vr  ) 


Thus,  the  man  must  hold  the  umbrella  at  an  angle  d 
with  the  vertical  towards  north. 


4.3  j  UNIFORM  CIRCULAR  MOTION _ 

(i)  For  a  body  moving  in  a  horizontal  circle 

The  centripetal  acceleration  of  a  body  of  mass  m 
moving  in  a  circle  of  radius  R  with  a  constant  speed 
v  (or  angular  speed  co)  is 

2 

ac  =  oo  v  =  arR  =  v 
Centripetal  force  is 

,,  mv2 

j.  =  man  =  moo  R  =  - 

c  R 

(ii)  For  a  body  moving  in  a  vertical  circle 

The  minimum  speed  to  complete  the  circle  when 
the  body  is  at  the  top  of  the  circle  is  v  =  y[Rg  .  The 
minimum  speed  to  complete  the  circle  when  the 
body  is  at  the  bottom  of  the  circle  is  v  =  *J5  Rg  . 


NOTE 


The  magnitude  of  velocity  ( v )  and  the  magnitude  of 
acceleration  ( v2/R )  for  a  body  in  uniform  circular  mo¬ 
tion  are  constant  but  the  direction  of  velocity  v  (which 
is  along  the  tangent  and  the  direction  of  acceleration 
ac  (which  is  towards  the  centre  keep  on  changing  with 
time. 


4.4  ;  NON-UNIFORM  CIRCULAR  MOTION 

If  the  speed  of  the  body  revolving  in  a  circle  changes 
with  time,  it  is  said  to  be  in  non- 
uniform  circular  motion.  In  this 
case,  the  acceleration  of  the  body 
is  the  resultant  of  two  components 
(Fig.  4.14). 

(i)  Radial  (or  centripetal)  accel¬ 

eration  directed  towards  the 
centre  O  and  has  a  magni¬ 
tude  a,  =  v2/R,  where  v  is  the  ...  ... 

c  ’  Fig.  4.14 

instantaneous  speed  and  R  is 

the  radius  of  the  circle. 

(ii)  Tangential  component  directed  along  the  tangent 
which  causes  the  change  in  the  magnitude  of  veloc¬ 
ity.  Its  magnitude  is  given  by 

dv 

a,  =  — 
dt 

The  net  acceleration  of  the  body  is 

r~2  i 
a  =  yj ac  +  at 
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and  it  makes  an  angle  0  with  the  tangent  given  by 


tan  6  =  — 


EXAMPLE  4.7 


A  particle  moves  along  a  circle  with  a  velocity 
v  =  kt,  where  k  is  a  constant.  Find  the  net  accelera¬ 
tion  of  the  particle  at  the  instant  when  it  has  covered 
nth  fraction  of  the  circle  after  the  beginning  of 
motion. 


SOLUTION 


Let  v  be  the  speed  of  the  particle  at  the  instant  when 
it  has  covered  nth  fraction  of  the  circle  of  radius  R. 


Centripetal  acceleration  at  that  instant  is 

2 


a = 


v 

R 


(1) 


Tangential  acceleration  at  that  instant  is 
dv  dv  dx  vdv 
1  dt  dt  dx  dx 
=>  vdv  =  at  dx 

Let  x  be  the  distance  covered.  Then  x  =  (2 nR)n. 
Integrating  Eq.  (2)  we  have 


(2) 


| vdv  =  at^dx 


—  =  a,  x  =  a,  (2  7tR)n 


=>  v  =  Jla,  {2nR)n 

Using  (3)  in  (1),  we  get 


(3) 


Now 


2at  (2 nR)n 

a,.  =  -  =  4753,  n 

c  R  ‘ 

dv  d 

a,  =  —  =  — (kt)  =  k 
‘  dtdt 

a,  =  Ankn 


Net  acceleration  a  =  -Jaj 


2  ,  2 
+  Cl,, 


=  sjk2  +  {Ankn)2 
=  k^jl  +  \6n~n" 


EXAMPLE  4.8 


A  particle  moves  along  a  circle  of  radius  R.  Its  speed 
v  varies  with  distance  x  covered  along  the  circle  as 
v  =  kyfx  ,  where  A:  is  a  constant.  If  R  =  1.0  m  and 
x  =  0.5  m,  find  the  angle  between  the  net  acceleration 
vector  and  the  tangential  acceleration  vector. 


SOLUTION 


Tangential  acceleration  is 

dv  dv  dx 

’  dt  dt  dx 

=>  a,  dx :  =  v  dv 

Integrating 


vdv 

dx 


at^dx  =  J vdv 


a,  = 


(k\fx)2 


2x  2x 

Centripetal  acceleration  is 

2  ,  2 
V  k  X 


a,  = 


R  R 


Angle  0  between  net  acceleration  and  tangential 
acceleration  is  given  by 


^  a,.  k2x/R 

tan  0  =  —  =  — : —  =  — 
a,  k2!  2 


x 

2 R 


Putting  x  =  0.5  m  and  R=  1.0  m.  We  get 

0  =  45° 


2x0.5 

tan  0  =  -  =  1 


1.0 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  The  maximum  height  attained  by  a  projectile  is 

73/4  times  its  horizontal  range.  The  angle  of 
projection  of  the  projectile  with  the  horizontal  is 


(a)  30° 
(c)  60° 


(b)  45° 
(d)  tan-1 


73' 

V  2  J 
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2.  A  body  is  projected  with  a  speed  u  at  an  angle  9 
with  the  horizontal.  The  speed  of  the  body  when 
it  is  at  the  highest  point  on  its  trajectory  is  2/5 
times  its  speed  at  half  the  maximum  height.  The 
value  of  9  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  tan^ 

3.  A  body  of  mass  m  is  projected  from  the  ground  with 
linear  momentum  p  such  that  it  has  the  maximum 
horizontal  range.  The  minimum  kinetic  energy  of 
the  body  during  its  flight  is 

2 

(a)  zero  (b)  — 

m 


(c) 


4.  Two  bodies  are  projected  simultaneously  from  the 
same  point  on  the  ground  with  speeds  10  ms1  and 

10/V3  ms-1  at  angles  30°  and  60°  respectively  with 
the  horizontal.  The  separation  between  them  when 
they  hit  the  ground  is  (take  g  =  1 0  ms-2) 

r  10 

(a)  10V3  m  (b)  —j=  m 


5.  A  projectile  is  given  an  initial  velocity  u  =  (2i  +  j) 
ms1.  The  cartesian  equation  of  its  trajectory  is 
(take  g  =  1 0  ms-2) 

(a)  y  =  2x  —  5x2  (b)  2y  =  2x  -  5x2 

(c)  4y  =  2x  -  5x2  (d)  4 y  =  x  -  5x2 


6.  A  body  is  projected  from  the  ground  with  a  speed  u 
at  an  angle  9  with  the  horizontal.  The  magnitude  of 
the  average  velocity  of  the  body  between  the  point 
of  projection  and  the  highest  point  of  its  trajectory 
is 


(a) 


it 

—  (sin  9  +  cos  9) 


(b)  |  (1  +  2  cos2  0)1/2 


(c)  |  (1  +  3  cos2  0)1/2 


(d) 


u 

2 


7.  A  body  P  is  projected  vertically  upwards.  Another 
body  Q  of  the  same  mass  is  projected  at  an  angle 
of  60°  with  the  horizontal.  If  both  attain  the  same 


maximum  height,  the  ratio  of  the  initial  kinetic  en- 


ergy  of  P  to  that  of  Q  is 

,  N  3 

(b) 

V3 

(a)  7 

4 

2 

(C)7J 

(d) 

1 

2 

8.  With  what  minimum  speed  must  a  body  be  pro¬ 
jected  from  the  origin  in  the  x-y  plane  so  that  it  can 
pass  through  a  point  whose  x  and y  coordinates  are 
30  m  and  40  m  respectively?  Take  g  =  10  ms-2. 

(a)  10  ms-1  (b)  20  ms  1 

(c)  30  ms”1  (d)  40  ms”1 

9.  It  is  possible  to  project  a  particle  with  a  given 
velocity  in  two  possible  ways  so  as  to  make  it  pass 
through  a  point  P  at  a  distant  r  from  the  point  of 
projection.  The  product  of  the  times  taken  to  reach 
this  point  in  the  two  possible  ways  is  then  propor¬ 
tional  to 

(a)  Mr  (b)  r 

(c)  r3  (d)  4 

r 

10.  A  projectile  has  a  maximum  range  of  200  m.  What 
is  the  maximum  height  attained  by  it? 

(a)  25  m  (b)  50  m 

(c)  75  m  (d)  100  m 

11.  A  body  thrown  along  a  frictionless  inclined  plane 
of  angle  of  inclination  30°  covers  a  distance  of 
40  m  along  the  plane.  If  the  body  is  projected  with 
the  same  speed  at  angle  of  30°  with  the  ground,  it 
will  have  a  range  of  (take  g  =  1 0  ms”2) 

(a)  20  m  (b)  20  V2  m 

(c)  20  V3  m  (d)  40  m 

12.  Which  of  the  following  remains  constant  during  the 
motion  of  a  projectile  fired  from  a  planet? 

(a)  kinetic  energy 

(b)  momentum 

(c)  vertical  component  of  velocity 

(d)  horizontal  component  of  velocity 

13.  A  body  is  projected  with  kinetic  energy  K  at  an 
angle  of  60°  with  the  horizontal.  Its  kinetic  energy 
at  the  highest  point  of  its  trajectory  will  be 

(a)  2  K  (b)  K 

(c)  KJ2  (d)  KJ 4 

14.  A  body,  projected  with  a  certain  kinetic  energy,  has 
a  horizontal  range  R.  The  kinetic  energy  will  be 
minimum  at  a  position  of  the  projectile  when  its 
horizontal  range  is 

(a)  R  ^  (b)  3R/4 

(c)  R/2  (d)  R/4 
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15.  Four  projectiles  are  projected  with  the  same  speed 
at  angles  20°,  35°,  60°  and  75°  with  the  horizon¬ 
tal.  The  range  will  be  the  longest  for  the  projectile 
whose  angle  of  projection  is 

(a)  20°  (b)  35° 

(c)  60°  (d)  75° 

16.  A  player  throws  a  ball  which  reaches  the  other 
player  in  4  seconds.  If  the  height  of  each  player  is 
1.8  m,  what  is  the  maximum  height  attained  by  the 
ball  above  the  ground? 

(a)  19.4  m  (b)  20.4  m 

(c)  21.4  m  (d)  22.4  m 

17.  The  maximum  height  attained  by  a  projectile  is 
increased  by  1%  by  changing  the  angle  of  projec¬ 
tion,  without  changing  the  speed  of  projection.  The 
percentage  increase  in  the  time  of  flight  will  be 

(a)  20%  (b)  15% 

(c)  10%  (d)  5% 

18.  A  projectile  has  a  range  R  and  time  of  flight  T.  If  the 
range  is  doubled  (by  increasing  the  speed  of  projec¬ 
tion,  without  changing  the  angle  of  projection),  the 
time  of  flight  will  become 

(a)  4  (b)  V2  T 


V2 

T 

(O  l 


(d)  2  T 


19.  A  projectile  has  the  same  range  R  when  the  maxi¬ 
mum  height  attained  by  it  is  either  hx  or  //2.Then  R, 


/?j  and  /?2  will  be  related  as 


(a)  R  =  yjhjh 
(c)  R  =  3  VVb 


(b)  R  =  2yjhxh2 
(d)  R  =  4 


20.  A  ball  is  projected  vertically  upwards  with  a  cer¬ 
tain  initial  speed.  Another  ball  of  the  same  mass  is 
projected  at  an  angle  of  60°  with  the  vertical  with 
the  same  initial  speed.  At  the  highest  point,  the 
ratio  of  their  potential  energies  will  be 

(a)  4  :  1  (b)  3  :  2 

(c)  2  :  3  (d)  2  :  1 

<  IIT,  1989 

21.  A  body  of  mass  mx,  projected  vertically  upwards 
with  an  initial  velocity  u  reaches  a  maximum  height 
/?.  Another  body  of  mass  m2  is  projected  along  an 
inclined  plane  making  an  angle  of  30°  with  the  hor¬ 
izontal  and  with  speed  u.  The  maximum  distance 
travelled  along  the  incline  is 

(a)  2 h  (b)  h 


(c)  - 
2 


22.  Two  balls  A  and  B  are  projected  from  the  same 
location  simultaneously.  Ball  A  is  projected  verti¬ 


cally  upwards  and  ball  B  at  30°  to  the  vertical.  They 
reach  the  ground  simultaneously.  The  velocities  of 
projection  of  A  and  B  are  in  the  ratio 

(a)  V3  :  1  (b)  1  :  V3 

(c)  V3  :  2  (d)  2  :  v/3 

23.  A  body  is  projected  with  a  velocity  w  =  (3  i  +  4  j ) 
ms-1.  The  maximum  height  attained  by  the  body  is 
(take  g  =  1 0  ms~2) 

(a)  0.8  m  (b)  8  m 

(c)  80  m  (d)  800  m 

24.  In  Q.  23  above,  the  time  of  flight  of  the  body  is 

(a)  0.8  s  (b)  1.0  s 

(c)  4.0  s  (d)  8.0  s 

25.  A  body  is  projected  with  a  velocity  u  at  an  angle  9 
with  the  horizontal.  The  velocity  of  the  body  will 
become  perpendicular  to  the  velocity  of  projection 
after  a  time  t  given  by 


(a) 


(c) 


2 u  sin  9 
g 
2u 


(b) 


(d) 


u  sin  6 
g 


g  sin  9  g  sin  9 

26.  A  body  is  projected  at  an  angle  9  with  the  hori¬ 
zontal.  When  it  is  at  the  highest  point,  the  ratio  of 
the  potential  and  kinetic  energies  of  the  body  is 

(a)  tan  9  (b)  tan20 

(c)  cot  9  (d)  cot20 

27.  At  time  t  =  0  a  body  is  projected  horizontally  from 
a  certain  height  with  a  velocity  u.  The  radius  of 
curvature  of  its  trajectory  at  time  t  is 


2  /  .>,3/2 

(a)  "-U  +  2. 

g\  W 


(b) 


g 


1  + 


2  2V1/2 

g  t  ' 


V 


2 

U  J 


2  ( 

(  \  u  ' 

(c)  — 

g 


1- 


2.2  \ 

8  < 


1/2 


V 


2  ( 

(d)  U~ 
g 


1  + 


2.2  \ 

8  t 


3/2 


V 


28.  A  body  is  projected  from  the  bottom  of  an  inclined 
plane  which  has  an  inclination  of  10°  with  the 
horizontal.  At  what  angle  9  from  the  horizontal 
should  the  body  be  projected  so  that  its  range  on 
the  inclined  plane  is  maximum  for  a  given  velocity 
of  projection? 

(a)  45°  (b)  50° 

(c)  55°  (d)  60° 

29.  From  the  top  of  a  tower,  two  balls  are  thrown 
horizontally  with  velocities  ut  and  u2  in  opposite 
directions.  If  their  velocities  are  perpendicular  to 
each  other  just  before  they  strike  the  ground,  the 
height  of  the  tower  is 
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(a) 

(«1  +«2  f 

2  g 

(b) 

(«i  -u2f 
2  g 

(c) 

{u\  +  «2  ) 

(d) 

uxu2 

2g 

2  g 

30.  A  body  is  proj  ected  at  time  t=0  with  a  velocity  u  at  an 
angle  0  with  the  horizontal.  It  hits  the  ground  at  time 
t  =  tf  where  tf  is  the  time  of  flight.  The  average 
velocity  of  the  body  during  the  time  interval  t  =  0 
to  t  =  tf  is 

(a)  u  cos 9  (b)  u  sin0 

(c)  ^(1  +  cos 20)1/2  (d)  ^(1  +  sin 20)1/2 

31.  A  body  is  projected  at  time  t=0  with  a  velocity  u 
at  an  angle  0  with  the  horizontal.  The  horizontal 
and  vertical  components  of  its  velocity  will  become 
equal  at  time  t  ^  0, 

(a)  if  0  <  8  <  -  (b)  if  -  <  8  <  - 

4  4  2 

(c)  if  0  <  8  <  —  (d)  for  no  value  of  8 

6 

32.  A  boy  whirls  a  stone  in  a  horizontal  circle  2  m 
above  the  ground  by  means  of  a  string  1 .25  m  long. 
The  string  breaks  and  the  stone  flies  off  horizon¬ 
tally,  striking  the  ground  10  m  away.  What  is  the 
magnitude  of  the  centripetal  acceleration  during 
circular  motion?  Take  g  =  10  ms”2. 

(a)  100  ms”2  (b)  200  ms-2 

(c)  300  ms4  (d)  400  ms4 

33.  A  body  is  moving  in  a  circle  with  a  uniform  speed 
v.  What  is  the  magnitude  of  the  change  in  velocity 
when  the  radius  vector  describes  an  angle  0? 

(a)  zero  (b)  v(\  +  cos20)1/2 

(c)  2v  cos^j  (d)  2v  sin^  j 

34.  A  particle  is  acted  upon  by  a  force  of  constant 
magnitude  which  is  always  perpendicular  to  the 
velocity  of  the  particle.  The  motion  of  the  particle 
takes  place  in  a  plane.  It  follow  that 

(a)  its  velocity  is  constant 

(b)  its  acceleration  is  constant 

(c)  its  kinetic  energy  is  constant 

(d)  it  moves  in  a  straight  line. 

35.  A  particle  of  mass  M  is  moving  in  a  horizontal 
circle  or  radius  R  with  uniform  speed  V.  When  it 
moves  from  one  point  to  a  diametrically  opposite 
point,  its 

(a)  kinetic  energy  changes  by  MV~/4 

(b)  momentum  does  not  change 

(c)  momentum  changes  by  2  MV 

2 

(d)  kinetic  energy  changes  by  MV 


36.  A  plumb  line  is  hanging  from  the  ceiling  of  a  train. 
If  the  train  moves  along  a  horizontal  track  with  a 
uniform  acceleration  a,  the  plumb  line  gets  inclined 
to  the  vertical  at  a  angle 

g 


(a)  tan  — 
Vg 
.  f 

(c)  sin 


(b)  tan  ^ 


(d)  cos  1 1  — 


\g) 


37. 


A  body  moves  along  a  circular  track  of  radius 
20  cm.  It  starts  from  one  end  of  a  diameter,  moves 
along  the  circular  track  and  reaches  the  other  end 
of  the  diameter  is  5  seconds.  What  is  the  angular 
speed  of  the  body? 


,  X  71 
(a)  2 


rad  s 


(b)  * 
3 


rad  s 


(c)  —  rad  s  1  (d)  —  rad  s  1 

4  5 

38.  A  cyclist  is  moving  with  a  speed  of  6  ms”1.  As  the 

approaches  a  circular  turn  on  the  road  of  radius 
120  m,  he  applies  brakes  and  reduces  his  speed  at  a 
constant  rate  of  0.4  ms”2.  The  magnitude  of  the  net 
acceleration  of  the  cyclist  on  the  circular  turn  is 
(a)  0.5  ms”2  (b)  1.0  ms”2 

(c)  2.0  ms”2  (d)  4.0  ms”2 

39.  A  car  is  travelling  at  a  velocity  of  10  km/h  on  a 
straight  road.  The  driver  of  the  car  throws  a  par¬ 
cel  with  a  velocity  of  10  V2  km/h  when  the  car  is 
passing  by  a  man  standing  on  the  side  of  the  road. 
If  the  parcel  is  to  reach  the  man,  the  direction  of 
throw  makes  the  following  angle  with  the  direction 
of  the  car, 


(a)  135°  (b)  45° 

(c)  tan”1  (72)  (d)  tan”1  (jyj 


40.  Rain  is  falling  vertically  with  a  speed  of  4  ms”1. 
After  some  time,  wind  starts  blowing  with  a  speed 
of  3  ms”1  in  the  north  to  south  direction.  In  order 
to  protect  himself  from  rain,  a  man  standing  on 
the  ground  should  hold  his  umbrella  at  an  angle  0 
given  by 


(a)  0  =  tan”1  j 

(b)  0  =  tan”1  j 

(c)  0  =  cot”1  j 

(d)  0  ~  cot”1 


with  the  vertical  towards  south 

with  the  vertical  towards  north 

with  the  vertical  towards  south 

with  the  vertical  towards  north 
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41.  In  Q.40  above,  with  what  speed  does  the  rain  strike 
the  umbrella? 

(a)  3  ms^1  (b)  4  ms^' 

(c)  5  ms-1  (d)  6  ms-* 

42.  A  swimmer  can  swim  in  still  water  with  a  speed  of 
5  ms-1.  While  crossing  a  river  his  average  speed  is 
3  ms-1.  If  he  crosses  the  river  in  the  shortest 
possible  time,  what  is  the  speed  of  flow  of  water? 

(a)  2  ms-1  (b)  4  ms-1 

(c)  6  ms-1  (d)  8  ms-1 

43.  Water  is  flowing  in  a  river  of  width  36  m  with  a 
speed  of  2  ms1.  A  person  in  a  boat  at  a  point  P  on 
the  bank  of  the  river  wants  to  cross  the  river  by  the 
shortest  path  to  reach  a  point  Q  directly  opposite  on 
the  other  bank.  If  he  can  row  his  boat  with  a  speed 
of  4  ms-1  in  still  water,  he  show  row  his  boat  at  an 
angle  of 

(a)  30°  upstream  with  the  line  PQ 

(b)  30°  downstream  with  the  line  PQ 

(c)  tan_1(0.5)  upstream  with  the  line  PQ 

(d)  tan  1  ( 2)  downstream  with  the  line  PQ. 

44.  In  Q.43  above,  the  time  taken  by  him  to  cross  the 
river  by  the  shortest  path  is 

(a)  73  s  (b)  3  V3  s 

(c)  6  73  s  (d)  18  73  s 

45.  A  body  moving  in  a  circular  path  with  a  constant 
speed  has  a 

(a)  constant  velocity 

(b)  constant  momentum 

(c)  constant  kinetic  energy 

(d)  constant  acceleration 

<  IIT,  1992 


46.  A  stone  tied  to  a  string  of  length  L  is  whirled  in  a 
vertical  circle  with  the  other  end  of  the  string  at  the 
centre.  At  a  certain  instant  of  time,  the  stone  is  at  its 
lowest  position  and  has  a  speed  u.  The  magnitude 
of  the  change  in  its  velocity  as  it  reaches  a  position 
where  the  string  is  horizontal  is 

(a)  V«2  -  (b)  S gL 

(c)  (d)  Mu2-gL) 

<  IIT,  1998 

47.  A  projectile  is  projected  with  a  velocity  u  at  an 
angle  0  with  the  horizontal.  For  a  fixed  0,  which  of 
the  graphs  shown  in  Fig.  4.15  shows  the  variation 
of  range  R  versus  ul 


(c)  (d) 

Fig.  4.15 

<  IIT,  2008 


ANSWERS 


1.  (c) 

2.  (c) 

3.  (d) 

4.  (d) 

5.  (c) 

6.  (c) 

7.  (a) 

8.  (c) 

9.  (b) 

10.  (b) 

11.  (c) 

12.  (d) 

13.  (d) 

14.  (c) 

15.  (b) 

16.  (c) 

17.  (d) 

18.  (b) 

19.  (d) 

20.  (a) 

21.  (a) 

22.  (c) 

23.  (a) 

24.  (a) 

25.  (d) 

26.  (b) 

27.  (d) 

28.  (c) 

29.  (d) 

30.  (a) 

31.  (b) 

32.  (b) 

33.  (d) 

34.  (c) 

35.  (c) 

36.  (a) 

37.  (d) 

38.  (a) 

39.  (a) 

40.  (b) 

41.  (c) 

42.  (b) 

43.  (a) 

44.  (c) 

45.  (c) 

46.  (d) 

47.  (d) 

SOLUTIONS 


u  sin  0  _  w2  Sin  (20) 

1.  /?mnv  =  — - -  and  R  =  - - 


2g 


g 

2u2  sin  0  cos  0 
g 


73 

Given  hmax  =  —  R.  Hence. 

u2  sin2  0  73  2 u2  sin  0  cos  6 

-  =  —  x - 

2  g  4 


g 
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=>  tan  0  —  73  =>  0—60 

2.  Maximum  height  attained  is 

u2  sin2  0 

H  — 


gH  = 


u2  sii7  0 


2g  2 

Speed  at  maximum  height  is  ux  =  u  cos  0 
Speed  v  at  HI 2  is  given  by 

V2  =  U2  -  2 g 

=  u  -  gH 

2  u2  sin2  0 
=  u  -  - 


2  2  9  • 

It  is  given  that  ux  =  —  v  ,  i.e. 


2  2  „  2 

u  cos  0=  — 


w2(l  -  sin2  0)  =  — 


2  m2  sin2  0  ^ 
W" - 


«2- 


u 2  sin2  0  ' 


73 

=>  sin  0=  —  =>  0=60° 

2 

3.  For  maximum  horizontal  range,  0  =  45°.  Also 
p  =  mu  which  gives  u  =  plm. 

The  kinetic  energy  is  minimum  when  the  body  is  at 
the  highest  point  of  its  trajectory.  At  this  point  the 

u 

velocity  is  ux  =  u  cos  0  =  a  cos  45°  =  -j=  . 

•  Minimum  K.E.  -  I  m  x  ( f  -  <=£  -  Z . 

2  V  72  /  4  m  4  m 

4.  The  vertical  components  of  velocity  of  the  two 
bodies  are  10  sin  30°  =  5  ms~'  and  (10/73)  sin  60° 
=  5  ms1.  Since  their  vertical  velocity  components 
are  equal,  their  times  of  flight  are  also  equal.  Hence 
the  separation  between  them  when  they  hit  the 
ground  is 

x  =  difference  in  their  horizontal  ranges 
=  Rx  ~  R2 

_  (10)2  sin  60°  (10/ 73)2  sin  120° 


10 


=  573  -4 


10 


73 

■5[V3-A|m 

So  the  correct  choice  is  (d). 


5.  Given  u  cos  0  =  2  ms  1  and  u  sin  0  =  1  ms  1 . 

These  equations  give  u  =  ^5  ms-1,  tan  0=  —  and 

2  2  2 
COS  0=  —  =  —j=  . 
u  v  5 

The  equation  of  the  trajectory  is 


y  =  x  tan  0 


gx~ 


2  it2  cos2  0 


=  XX - 

2 


10x2 


f  9  v2 


2  X 


x  5x“ 

_  2 _y" 

2 

=>  4y  =  2x  -  5x  ,  which  is  choice  (c). 
6.  Average  velocity  is 

net  displacement 


= 


time 


H2+  * 


where 


T/2 

H=  maximum  height  = 


(1) 


u 2  sin2  0 


R  =  horizontal  range  = 


2g 
u 2  sin  (20) 


T=  time  of  flight  = 


g 

2  u  sin  0 
g 


Substituting  in  Eq.  (1),  we  get 

Vav  =  \  (1  +3  COS2  0)1/2 

The  correct  choice  is  (c). 

7.  For  body/’,  u\  =  2gh 

ul  sin2  (60°)  _  3 ijl 

2g  8g 


For  body  Q,  h  = 


u  2  = 


_  8  gh 


K.E.  of  P 
K.E.  of  Q 


1  2 

—  m  it , 

2  _ 7 

1  2 

—  mu  2 


ul  4 


So  the  correct  choice  is  (a). 

8.  In  projectile  motion,  the  equation  of  the  trajectory  is 

2 

C T 

y  =  x  tan  0  - 


gx 


2  u2  cos2  0 
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=  x  tan  9  —  ( 1  +  tan2  0) 

2  u 

Substituting  the  given  values,  we  have 

40  =  30  tan  9  -  10  X  (30)  (1  +  tan2  9) 

2  u1 

or  900  tan2  9-  (6 u2  tan  9)  +  (900  +  8 u2)  =  0 
The  value  of  tan  9  will  be  real  if 

(6m2)2  >  4  x  900  x  (900  +  8m2) 
or  m4  >  100  (900  +  8m2) 

or  m4  -  800m2  >  90000 

or  (m2  -  400)2  -  160000  >  90000 

or  (m2  -  400)2  >  250000 

or  m2  -  400  >  500  =>  m2  =  900 

=>  u  =  30  ms-1 

9.  The  range  of  a  projectile  is  r  =  2v0  cos  9  sin  9/g, 
the  two  possible  angles  of  projection  are  9  and 
(90°  -9).  The  times  of  flight  corresponding  to 
these  two  angles  are 

2v0  sin  9 

h 

g 

,  2v()  sin  (90°  -9)  2u0  cos  9 

and  t2  =  — - - - - -  =  — - - 

g  g 

,  4vl  sin  9  cos  9  2 r 

so  that  txt2  =  - ~ - =  —  . 

g  g 

Thus  ?,?2  00  r.  Hence  the  correct  choice  is  (b). 

10.  For  maximum  range  9  =  45°.  Hence  Rmax  =  v\/g 
and  /7max  =  vl^g-  Thus  /?max  =  RmJ4  =  200/4 
=  50  m.  Hence  the  correct  choice  is  (b). 

11.  Let  m  be  the  initial  speed  with  which  the  body 
is  thrown  along  the  inclined  plane.  As  shown  in 
Fig.  4.16,  the  effective  deceleration  is  given  by 

a  =  g  sin  9 


=  g  sin  30°  =  ^  =  5  ms  2 


Fig.  4.16 

The  body  stops  after  covering  a  distance,  say,  5 

2 

along  the  plane,  which  is  given  by  -  2 as  =  0  -  m 
or  m  =  ^2as  =  J 2  x  5  x  40  =  20  ms  -I.  A  projectile 


projected  at  angle  9=  30°  with  this  speed  will  have 
a  range  of 


m  2  sin  2  9 

R  —  - 

g 


20x20xsiD<S0°  ^ 
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Hence  the  correct  choice  is  (c). 

12.  Since  the  velocity  of  the  projectile  changes  continu¬ 
ously,  both  kinetic  energy  and  momentum  undergo 
a  change  with  time.  Only  the  vertical  component 
of  velocity  changes  due  to  gravity;  the  horizontal 
component  always  remains  constant.  Hence  the 
correct  choice  is  (d). 

13.  At  the  highest  point,  the  velocity  has  only  the  hori¬ 
zontal  component  vx  =  v  cos  9  =  v  cos  60°  =  v/2. 

Now  kinetic  energy  —  mv2  is  proportional  to  v2. 
Since  the  velocity  is  reduced  to  half,  the  kinetic 
energy  becomes  one-fourth,  i.e.  K/4.  Hence  the 
correct  choice  is  (d). 

14.  Kinetic  energy  is  minimum  when  the  projectile  is 
at  the  highest  point  of  its  trajectory.  At  the  highest 
point,  its  range  =  half  the  horizontal  range.  Hence 
the  correct  choice  is  (c). 

1 5.  Range  R  =  v20  sin  2 9/g.  F or  the  same  t>0,  R  sin  2 9. 
Since  sin  29  is  the  largest  for  9=  35°,  the  correct 
choice  is  (b). 


16.  The  time  of  flight  t  =  2v0  sin  9/g.  Since  (  =  4  s,  we 
have  v0  sin  9  =  2 g. 


Now 


vl  sin2  9  _4g  2 

2  g  2g 

=  2x9.8  =  19.6m 


2g 


.’.  Height  above  the  ground  =  19.6  +  1.8  =  21.4  m 
Hence  the  correct  choice  is  (c). 
v2  sin  2  9 

17.  Given  h  =  — ^ - .  Differentiating  partially  we 

2  g 


get(v  v0  =  constant)  Sh  =  —  2  sin  0cos  989.  Thus 


8h  2cos050 


h 


sin0 


2g 

=  0.01  (given). 


Therefore,  cos^<^  =  0.005.  We  also  have  T  = 
sin  9 

2u0  sin  9  ....  2v0cos989 

-  which  gives  oT  =  - .  Thus 


g 


g 


ST  =  cossse  But  COS  MB  ,  0  005  Therefore> 
T  sin  9  sin  9 


Q'T' 

—  =0.05  or  57=0.005  T. 
T 
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Hence  T increases  by  0.5%.  Thus  the  correct  choice 

is  (d)' 

„  2Vn  sin 0 cos 0  ,  ^  4rYsin20 

18.  Now  R  =  — 5 - - -  and  T2  =  — - . 


g 


g 


From  these  two  equations  we  have  T  =  2 R  tan  0  or 
T  °c  \[r  .  Hence  the  correct  choice  is  (b). 

19.  The  range  of  a  projectile  is  the  same  for  two  angles 
of  projection  0  and  90°  -  0.  For  these  two  angles  of 
projection,  the  maximum  heights  are 


h  i  = 


Vq  sin2  0 
2  g 

,2  ■  2 


Vq  sin  2  (90°  -9)  v l  cos  2  9 


and  h2  = 


2  g 


2g 


sin  0eos  0 

•••  *1*2=  - VU - • 

4g 

. ,  2  4zv!  sin  2  0cos2  0 

Also  R2  =  — - 2 - 

g 


Which  give  i?2  =16  hxh2  or  R  =  A^]hxh2  .  Hence 
the  correct  choice  is  (d). 

20.  The  maximum  height  attained  by  the  first  ball  is 

.  u2 
h  i  =  — 

2g 

where  u  is  the  initial  speed  of  projection.  The  maxi¬ 
mum  height  attained  by  the  second  ball  is 

(y  0=90° -60°  =  30°) 

,  u 2  sin2  (30°)  u2 

h7  =  - =  — 

2g  8g 

Now,  PE  of  ball  1  at  height  hx  =  mgh x  and  that  of 
ball  2  at  height  h2  =  mgh2.  Therefore,  the  ratio  of 
_hL_u 2  °~ 

h2  2  g  u~ 

correct  choice  is  (a). 

21.  For  the  body  of  mass  mx,  we  have 

2  g 

For  the  body  of  mass  m2,  if  S  is  the  maximum  dis¬ 
tance  travelled  along  the  incline  then 
v2  -  iC  =  2  aS 

Now,  when  S  is  maximum,  v  =  0.  Also  a  =  -  g  sin  0 

=  -  g  sin  30°  =  -  —  .  Hence 
2 

0  -  u2=  2  x  (-£■  I S 


•  1  •  '  *1  (A  . 

potential  energies  =  -^-  =  — —  x  —  =  4.  Hence  the 


or  S  =  —  =2 h,  which  is  choice  (a), 
g 


22.  The  correct  choice  is  (c).  Use 
_  2^ 
g 


f A 


,  2«ssin60° 

and  tR  =  — - - 


g 


23.  The  correct  choice  is  (a).  The  magnitude  of 
velocity  is 

v  =  V(3)2  +(4)2  =  5  oW1 

The  angle  subtended  by  the  velocity  vector  with  the 
horizontal  (x-axis)  is  given  by 

4  4 

tan  9=  —  which  gives  sin  9=  — 

3  5 

Now, 

v2  sin2  9  (5)  no 

/?max  =  - I - = - I - —  =  °-8  m 


2g 


2x10 


.  „  2x5x- 

..  2vsm  9  5 

24.  tf=  - = - —  =  0.8  s, 

7  g  10 

which  is  choice  (a). 

25.  Velocity  of  projection  is  v0  =  ( u  cos  0)i  + 
(i u  sin  0)  j .  At  time  t,  the  velocity  of  the  body  is 

v  =  (u  cos  0)  i  +  (u  sin  0  -  gt)  j 

The  dot  product  of  v0  and  v  is 

2  2 

v0  ■  v  =  u  cos  0  +  u  sin  0  {u  sin  0  -  gt) 
or  v0  •  v  =  u 2  -  {u  sin  9)gt  (i) 

Since  v  is  perpendicular  to  v0,  v0  •  v  =  0.  Using  this 
in  (i),  we  have 

0  =  u2  -  {u  sin  9)gt  or  t  = 


g  sin  0 


Hence  the  correct  choice  is  (d). 
26.  The  correct  choice  is  (b). 

it2  sin2  0 


PE  =  nigh  n 


f  2  ■  2  2  ■  2  n 

'  -  a  '  mu  sin  0 


mg 


V 

1  2 

KE  =  —  m{it  cos  0). 


2g 


27.  The  horizontal  and  vertical  distances  travelled  in 
time  t  are 

x  =  lit 


and 


1  ,2  g* 

y-2g‘  '  V 

ax  u  u 


and 


d2  y 
dx2 


g_ 

2 
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The  radius  of  curvature  of  the  trajectory  at  time  t  is 
given  by 


R  = 


d2y 

dx~ 


u" 

g 


1  + 


2  2h3/2 

g  V  ' 


2 

U  j 


Hence  the  correct  choice  is  (d). 

28.  Refer  to  Fig.  4.6  on  page  4.3.  The  range  along  the 
inclined  plane  is  given  by 

2v\  sin(0  -  a) cos 6 

R  —  2 

geos  a 

vl 

=  - - -r —  [sin(20  -  a)  -  sin  a ] 

geos2  a 

R  is  maximum  when  sin(20—  a)  =  1  or  20-  a=  90° 
or 


0=  ^(90°  +  a)  =  ^(90°  +  10°)  =  55°. 

Hence  the  correct  choice  is  (c). 

29.  Let  h  be  the  height  of  the  tower.  Let  ui  be  along 
positive  x-direction  u2  along  negative  x-direction. 
The  two  balls  hit  after  at  time  t  given  by 

h  =  —  gt  =>  t  = 

2 

At  time  t,  the  respective  vertical  velocities  (along 
the  negative  y  directions)  are  gt  each.  Hence  the 
velocities  of  the  two  balls  at  time  t  are 

-vx  =  ux  i  -  (gt)  j  =>  vx  =  -  ux  i  +  (gt)  j 


and  -v2  =  -u2  i  -  (gt)  j  =>  v2  =  u2i  +  (gt)  j 

Since  vt  and  v2  are  perpendicular  to  each  other, 
vv  v2=  0 

=>  h  u\  i  +  (gt)  j  ]  ■  [«2  i  +  (gt)  j  ]  =  0 

—  ulu2  +  g2t2  =  0 

~>  2  2  2// 

=>  g~t  =  U |  u2  =»  g  X  —  =  uxll2 

g 


UlU 


1«2 


■  h  =  —  .  Hence  the  correct  choice  is  (d). 

2  g 


30.  Average  velocity  = 


Displacement  R 


time 


7 


where  R  = 


2 u  sin  0  cos  0 


is  the  horizontal  range 


lusmQ 

and  tj-  =  ~  is  the  time  of  flight. 

The  correct  choice  is  (a). 

31.  Horizontal  component  of  velocity  at  a  time  t  is 

vx  =  u  cos  0 

vertical  component  of  velocity  at  that  time  t  is 
vy  =  u  sin  0  -  gt 

They  will  become  equal  at  time  t  =  t*  if 
u  cos  0  =  u  sin  0  -  gt * 

which  gives  t*  =  t/(sin  0  -  cos  0) 

Now  t*  must  be  positive.  Hence  sin  0  >  cos  0  or 
0>  n/4.  Hence  the  correct  choice  is  (b). 

32.  Given,  h  =  2m,R  =  1 .25  m  and  horizontal  distance 
.?  =  10  m.  When  the  string  breaks,  the  stone  is  pro¬ 
jected  in  the  horizontal  direction,  which  means  that 
there  is  no  initial  vertical  velocity.  From  s  =  ut  + 

1  2 

—  gt",  we  have  (v  u  =  0), 


h  =  \  g{2  (0 

The  horizontal  distance  travelled  in  time  t  is 

s  =vt  (ii) 

where  v  is  the  velocity  of  the  stone  in  the  horizon¬ 
tal  direction  which  is  the  same  as  its  velocity  in 
circular  motion. 

Eliminating  t  from  (i)  and  (ii)  we  get 


2  h 


Now,  centripetal  acceleration  is 


v 


a = 


gs 

R  2hR 


10x100 

2x2x1.25 


=  200  ms  7 


Thus,  the  correct  choice  is  (b). 

33.  Refer  to  Fig.  4.17.  AB  and  CD  represent  the  two 
velocity  vectors.  The  change  in  velocity  Av  =  v2— v, . 
which  can  written  as  Av  =  v2  +  (—  Vj).  Thus,  to 
find  Av,  we  reverse  the  direction  of  vector  AB  as 
shown  in  Fig.  (b)  and  find  the  resultant  of  vectors 
v2  and  -  Vj  by  triangle  or  parallelogram  law.  This 
is  shown  in  Fig.  (c). 

The  magnitude  of  vector  Av  is  given  by 
Av  =  [(^)2  +  v2  +  2(z;1)(z;2)cos(180o  -  0)]1/2 

=  [2z;2(1  -  cos  0)]1/2  (v  v1  =  v2  =  v) 
=  2  v  sin 

Hence  the  correct  choice  is  (d). 


g 
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34.  Since  the  force  is  always  perpendicular  to  the 
velocity  (i.e.  the  direction  of  motion)  of  the 
particle,  no  work  is  done  by  the  force  on  the 
particle.  Hence  the  kinetic  energy  of  the  particle 
remains  constant.  The  particle  will  move  in  a  circle 
in  a  plane.  Thus  the  correct  choice  is  (c). 

35.  As  shown  in  Fig.  4.18,  at  diametrically  opposite 
points  A  and  B,  the  magnitude  of  the  velocity  is 
same  (=  V)  but  the  directions  of  the  velocity  are 
opposite.  Hence  the  change  in  momentum  is  MV - 
(-  MV)  =  2  MV.  Thus  the  correct  choice  is  (c). 


36.  When  the  train  is  at  rest  or  moving  with  a  uniform 
velocity,  the  plumb  line  hangs  vertically  along  OB 
(Fig.  4.19).  If  the  train  moves  with  an  acceleration 
a,  the  plumb  line  gets  inclined  along  OC,  the  direc¬ 
tion  of  the  resultant  of  accelerations  a  and  g.  It  is 
clear  from  the  figure  that  tan  9  =  a/g.  Hence  the 
correct  choice  is  (a). 


37.  If  r  is  the  radius  of  the  track,  then  distance  moved 
in  5s  =  nr  =  n  x  20  cm.  Therefore,  speed  along  the 

circle  (v)  =  =  4  ffcms-1.  Now,  angular  speed 

v  4n  n  ,  i  TT 

=  —  =  —  =  —  rad  s  .  Hence  the  correct  choice 
r  20  5 

is  (d). 

38.  Referring  to  Fig.  4.20,  the  cyclist  is  moving  on  a 
straight  road  from  A  to  B  with  a  velocity  v  =  6  ms1. 
As  he  approaches  the  circular  turn,  he  decelerates 
at  rate  at,  represented  by  vector  BD.  The  magnitude 
of  deceleration  is  a,  =  0.4  ms~2.  At  point  B,  two 
accelerations  a,  and  ac,  the  centripetal  acceleration 
directed  towards  the  centre  C  act  on  the  cyclist. 

Now  an=  —  =  — —  =  0.3  ms~2.  Using  the  law  of 
c  R  120 

parallelogram  of  vector  addition,  vector  BE  gives 
the  resultant  acceleration  a  whose  magnitude  is 

(v  DE  =  ac) 

a  =  (a~  +  a2) 1/2  =  {(0.4)2  +  (0.3)2} 1/2  =  0.5  ms4 


Hence  the  correct  choice  is  (a). 

B  a<  D  v  A 


39.  In  Fig.  4.21  vc  represents  the  velocity  of  the  car 
and  vP  that  of  the  parcel.  M  is  the  position  of  the 
man.  From  parallelogram  law,  the  direction  of  the 
resultant  velocity  vr  must  be  along  the  direction 
along  which  the  man  is  standing.  It  follows  from 
the  figure  that  angle  9  is  given  by 


Vc 

sin  9  =  —  = 

v„ 


10 

10V2 


1 

or  9=  45° 
V2 
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O  vc  A 


Fig.  4.21 

Hence  the  correct  choice  is  (a). 

40.  Velocity  of  rain  (vr)  =  4  ms~'  vertically  down¬ 
wards.  Velocity  of  wind  ( vw )  =  3  ms-1  from  north 
to  south  direction.  A  rain  drop  is  acted  upon  by 
two  velocities  vr  and  vw  as  shown  in  Fig.  4.22. 
From  the  triangle  law,  the  resultant  velocity  of 
the  rain  drop  is  v  =  OW.  In  order  to  protect  him¬ 
self  from  rain,  he  must  hold  his  umbrella  at  an 
angle  0  with  the  vertical  (towards  north)  given 
by 


RW  v  3 

tan  6  =  ——  =  —  =  — 

OR  vr  4 

Thus  the  correct  choice  is  (b). 


South 


Fig.  4.22 

41.  The  magnitude  v  of  the  resultant  velocity  gives 
the  speed  with  which  the  rain  strikes  the  umbrella, 
which  is  given  by 

v  =  [v2r  +  v2Jn  =  [16  +  9] 1/2  =  5  nuT1 

Hence  the  correct  choice  is  (c). 

42.  In  order  to  cross  the  river  in  the  shortest  time, 
the  resultant  velocity  v  of  the  swimmer  must  be 
perpendicular  to  the  velocity  vw  of  water,  as 

shown  in  Fig.  4.23.  It  follows  from  the  figure  that 

2  2,2  2  2  2 
Vs  =  V  +VwOYVw^Vs-V 

=  25  -  9  =  16 
or  vw  =  4  ms-1  which  is  choice  (b). 


43.  Refer  to  Fig.  4.24.  Let  PR  be  the  direction  along 
which  he  should  row  his  boat.  The  boat  is  acted 
upon  by  two  velocities  -  boat  velocity  (vh)  and  wa¬ 
ter  velocity  (vw).  The  angle  6  should  be  such  that 
that  the  resultant  velocity  (v)  is  along  PQ,  i.e. 

v  2 

sin  6  =  —  =  —  =0.5 

vb  4 


=>  6  =  30°  (upstream). 

R  vw  Q 


Hence  the  correct  choice  is  (a). 

44.  Time  taken  to  cross  the  river  by  the  shortest  path 
PQ  is 

=  ,  36  =6V3S 

v  V(4)2-(2)2 

Hence  the  correct  choice  is  (c). 

45.  Since  the  direction  of  the  velocity  changes  from 
point  to  point  on  the  circle,  choices  (a),  (b)  and  (d) 
are  incorrect. 

46.  From  energy  conservation,  [see  Fig.  4.25] 

1  2  1  2 

—  mu"  =  —mv  +  mgL 
2  2 

=>  v  =  \Ju2  -  2gL 

Av  =  sjv2  +{-uf  =  V 2(u 2  -gL) 


Motion  in  Two  Dimensions  4.19 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  A  projectile  is  fired  with  a  constant  speed  at  two 
different  angles  of  projection,  say,  a  and  /l,  that  give 
it  the  same  range.  Then,  a  and  /j  are  such  that 

(a)  cosec  a  =  sec  (5 

(b)  tan  (a  +  j5)  — »  °° 

(c)  sin2  a  -  cos2  a  =  sin2/3  -  cos2  ji 

(d)  cot  a  =  cos  a  sec  /3 

2.  A  ball  is  projected  upwards  at  a  certain  angle  with 
the  horizontal.  Which  of  the  following  statements 
are  correct?  At  the  highest  point 

(a)  the  velocity  of  the  projectile  is  zero 

(b)  the  acceleration  of  the  projectile  is  zero 

(c)  the  velocity  of  the  projectile  is  along  the 
horizontal  direction. 

(d)  the  acceleration  of  the  projectile  is  vertically 
downwards. 

3.  Choose  the  correct  statements  from  the  following. 
The  range  of  a  projectile  depends  upon 

(a)  the  angle  of  projection 

(b)  the  acceleration  due  to  gravity 

(c)  the  magnitude  of  the  velocity  of  projection 

(d)  the  mass  of  the  projectile 

4.  A  particle  is  acted  upon  by  a  force  of  constant  mag¬ 
nitude  which  is  always  perpendicular  to  the  veloc¬ 
ity  of  the  particle.  The  motion  of  the  particle  takes 
place  in  a  plane.  It  follows  that: 

(a)  its  velocity  is  constant 

(b)  its  acceleration  is  constant 

(c)  its  kinetic  energy  is  constant 

(d)  it  moves  in  a  circular  path 

5.  A  simple  pendulum  of  length  r  and  bob  mass  m 
swings  in  a  vertical  circle  with  angular  frequen¬ 
cy  CO .  When  the  string  makes  an  angle  9  with  the 


vertical,  the  speed  of  the  bob  is  v.  The  radial 
acceleration  of  the  bob  at  this  instant  is  given  by 


,  ,  v  0) 

(a) 

(b) 

V 

r 

rco 

_.2 

V 

(c)  — 

(d) 

rco2 

r 


6.  A  body  is  moving  in  a  circle  of  radius  r  with  a 
uniform  speed  v,  angular  frequency  ox  time  period 
T  and  frequency  v.  The  centripetal  acceleration  is 
given  by 


(a)  — 

(b)  4jz2rv 2 

r 

(c)  cau 

,  4n2r 

(d)  .2 

7.  Which  of  the  following  statements  are  true  about  a 
body  moving  in  a  circle  with  a  uniform  speed? 

(a)  The  speed  of  the  body  is  constant  but  its 
velocity  is  changing 

(b)  The  acceleration  is  directed  towards  the 
centre 

(c)  The  velocity  and  acceleration  vector  are  per¬ 
pendicular  to  each  other. 

(d)  Elastic,  frictional,  gravitation  and  magnetic 
forces  can  cause  a  uniform  circular  motion. 

8.  A  missile  is  fired  for  maximum  range  at  your  town 
from  a  place  in  the  enemy  country  at  a  distance  x 
from  your  town.  The  missile  is  first  detected  at  its 
half-way  point.  Then 

(a)  the  velocity  with  which  the  missile  was  pro¬ 
jected  is  -Jgx 
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(b)  you  have  a  warning  time  of 

(c)  the  speed  of  the  missile  when  it  was  detected 
is 

(d)  the  maximum  height  attained  by  the  missible 

.  x 
is  — . 

4 

9.  An  enemy  plane  is  flying  horizontally  with  a  speed 
v.  An  armyman  with  an  anti-aircraft  gun  on  the 
ground  sights  the  enemy  plane  when  it  is  directly 
overhead  and  fires  a  shell  with  a  muzzle  speed  u. 
Then 

(a)  the  angle  with  the  vertical  at  which  the  gun 
should  be  fired  in  order  to  hit  the  plane  is 


(b)  the  angle  with  the  vertical  at  which  the  gun 
should  be  fired  in  order  to  hit  the  plane  is 

•  -i(v 
sin  — 


(c)  the  maximum  height  at  which  the  enemy 
plane  must  fly  to  avoid  being  hit  is 


2  „,2 
II  -V 


2  g 


(d)  the  maximum  height  at  which  the  enemy 

(u  —  v)~ 

plane  must  fly  to  avoid  being  hit  is  - . 

2g 

10.  From  the  top  of  a  tower  of  height  40  m,  a  ball  is 
projected  upwards  with  a  speed  of  20  ms1  at  an 
angle  of  elevation  of  30°.  The  total  time  taken  by 
the  ball  to  hit  the  ground  is  T  and  the  time  taken  to 
come  back  to  the  same  elevation)  is  t.  The  horizon- 
tal  distance  covered  by  the  ball  is  x.  If  g  =  10  ms  , 
then 


(a)  T-  =  2  (b)  T-  = 

(c)  x  =  40  m  (d)  x  =  40  x/3  m 

11.  The  horizontal  distance  x  and  the  vertical  height  y 
of  a  projectile  at  time  t  are  given  by 

x  =  at  and  y=bt2  +  ct 


where,  a,  b  and  c  are  constants.  Then 

(a)  the  speed  of  the  projectile  1  second  after  it  is 
fired  is  ( a 2  +  b2  +  c2)1/2 

(b)  the  angle  with  the  horizontal  at  which  the 
projectile  is  fired  is  tan 

(c)  the  acceleration  due  to  gravity  is  -2b. 


(d)  the  initial  speed  of  the  projectile  is 

(a2  +  c2)1/2. 

12.  A  projectle  thrown  at  an  angle  of  30°  with  the 
horizontal  has  a  range  R  (  and  attains  a  maximum 
height  hl.  Another  projectile,  thrown  with  the  same 
speed,  at  an  angle  of  30°  with  the  vertical  has  a 
range  R2  and  attains  a  maximum  height  h2.  Then 

(a)R2~=2R,  (b  )R2  =  R/ 

(c)  h2  =  2 hx  (d)  h2  =  3 hx 

13.  The  maximum  height  attained  by  a  projectile  is 
increased  by  1%  by  increasing  its  speed  of  projec¬ 
tion  without  changing  the  angle  of  projection.  Then 
the  percentage  increase  in  the 

(a)  horizontal  range  will  be  2% 

(b)  horizontal  range  will  be  1% 

(c)  time  of  flight  will  be  0.5% 

(d)  time  of  flight  will  be  2% 

14.  The  speed  of  projection  of  a  projectile  is  increased 
by  1%  without  changing  the  angle  of  projection. 
Then,  the  percentage  increase  in  the 

(a)  horizontal  range  will  be  1%. 

(b)  maximum  height  attained  will  be  2% 

(c)  time  of  flight  will  be  2% 

(d)  time  of  flight  will  be  0.5% 

15.  A  body  is  projected  at  time  t  =  0  from  a  certain 
point  on  a  planet’s  surface  with  a  certain  veloc¬ 
ity  at  a  certain  angle  with  the  planet’s  surface 
(assumed  horizontal).  The  horizontal  and  vertical 
displacements  x  and  y  (in  meters)  respectively  vary 
with  time  t  (in  seconds)  as 

x  =  10V3  t 

y  =  10  t-t1 

(a)  The  acceleration  due  to  gravity  on  the  surface 
of  the  planet  is  10  ms~2. 

(b)  The  maximum  height  attained  by  the  body  is 
25  m. 

(c)  The  time  of  flight  is  10  s. 

(d)  The  horizontal  range  is  100  m. 

16.  For  a  particle  moving  in  a  circle  with  a  constant 
speed, 

(a)  the  velocity  vector  is  always  along  the  tan¬ 
gent  to  the  circle. 

(b)  the  acceleration  vector  points  towards  the 
centre  of  the  circle. 

(c)  the  velocity  and  acceleration  vectors  are  per¬ 
pendicular  to  each  other. 

(d)  the  velocity  and  acceleration  vectors  are  par¬ 
allel  to  each  other. 
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17.  A  particle  is  acted  upon  by  a  constant  force  which 
is  always  perpendicular  to  its  velocity.  The  motion 
of  the  particle  takes  place  in  a  plane.  It  follows 
that 

(a)  its  speed  is  constant 

(b)  its  acceleration  is  constant 

(c)  its  kinetic  energy  is  constant 

(d)  its  momentum  is  constant. 

18.  A  stone  of  mass  250  g  is  tied  to  the  end  of  a  string 
of  length  1 .0  m.  It  is  whirled  in  a  horizontal  circle 
with  a  frequency  of  30  rev./min. 

(a)  The  tension  in  the  string  changes  as  the  stone 
moves  in  the  circle. 

(b)  The  tension  in  the  string  is  constant  equal  to 
n1 

—  newton. 

4 

(c)  The  speed  of  the  stone  is  n  ms-1. 

(d)  The  maximum  speed  with  which  the  stone 
can  be  whirled  is  20  ms1. 

19.  A  uniform  disc  of  radius  R  is  rotating  about  its 
axis  with  angular  speed  co.  It  is  gently  placed  on  a 
horizontal  surface  which  is  perfectly  frictionless 
(Fig.  4.26).  If  vA,  vB  and  vc  are  the  linear  speeds  of 
points  A,  B  and  C  respectively,  then 


linear  speeds  of  points  A,  B  and  C  respectively  at 
that  instant,  then 

(a)  vA  =  vB  =  vc  (b)  vA>vB>  vc 


(c)  vA  =  0,vB  = 


3Rco 

~Y~ 


(d)  ^ 


3 

4 


Fig.  4.27 

<  IIT,  2004 

21.  The  trajectory  of  a  projectile  in  a  vertical  plane 
is  y  =  ax  -  bx2,  where  a  and  b  are  constants  and 
v  and  y  are  respectively  the  horizontal  and  vertical 
distances  of  the  projectile  from  the  point  of  projec¬ 
tion. 


(a)  The  horizontal  range  of  the  projectile  is  — . 

2b 

(b)  The  maximum  height  attained  by  the  projec- 

2 


tile  is  — . 

4b 

(c)  The  time  of  flight  is 


2  a 


where  g  is  the 


\fpg 

acceleration  due  to  gravity. 

(d)  The  angle  of  projection  from  the  horizontal  is 
6  =  tan-1  (a  —  2  bx). 

<  IIT,  1990 

22.  The  coordinates  of  a  particle  moving  in  a  plane  are 
given  by 

x  =  a  cos  (pi) 


(a)  vA  =  vB  =  vc  (b)  vA  =  vB>  vc 

(c)  vA  =  vc>  vB  (d)  vA<vB<  vc 

20.  A  uniform  disc  of  radius  R  is  rolling  (without 
slipping)  on  a  horizontal  surface  with  an  angular 
speed  co  as  shown  in  Fig.  4.27.  O  is  the  centre  of 
the  disc,  points  A  and  C  are  located  on  its  rim  and 


point  B  is  at  a  distance  — 


from  O.  During  rolling, 


the  points  A,  B  and  C  lie  on  the  vertical  diameter 
at  a  certain  instant  of  time.  If  vA,  vB  and  vc  are  the 


and  y  =  b  sin  (pt ) 

where  a,  b  and  p  are  positive  constants  and  b  <  a. 

Then 

(a)  the  path  of  the  particle  is  an  ellipse 

(b)  the  velocity  and  acceleration  of  the  particle 
are  perpendicular  to  each  other  at  t  =  n!2p. 

(c)  the  acceleration  of  the  particle  is  always 
directed  towards  a  focus. 

(d)  the  distance  travelled  by  the  particle  in  time 
interval  t  =  0  to  t  =  n!2p  is  a. 

<  IIT,  1999 
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ANSWERS  AND  SOLUTIONS 


1.  For  the  same  range  a  +  p  =  90°  or  P  =  90°  -  a. 
Choices  (a),  (b)  and  (d)  satisfy  this  relation  between 
p  and  a  but  choice  (c)  does  not. 

2.  The  correct  choices  are  (c)  and  (d). 


3.  Range  R  = 


u  sin  2 9 
g 


,  is  independent  of  the  mass 


of  the  projectile.  Flence  choices  (a),  (b)  and  (c) 
are  correct. 

4.  The  magnitudes  of  velocity  and  acceleration  remain 
constant  but  their  directions  are  changing  continu¬ 
ously.  In  uniform  circular  motion  the  force  is  radial 
(centripetal)  and  is  always  perpendicular  to  the  ve¬ 
locity  which  is  tangential.  Thus,  choice  (c)  and  (d) 
are  correct. 

5.  The  radial  component  of  acceleration  is  ar  = 
centripetal  acceleration 

2 


=  —  =  roT  (  v  V  =  rco ) 


Hence,  the  correct  choices  are  (c)  and  (d) 
2nr 
T 


6.  Since v  =  r(0=2nvr= 
correct. 

7.  All  the  four  choices  are  correct. 


all  the  four  choices  are 


8.  For  maximum  range  9  =  45°  for  which  Rlmx  =  v~0/g 
Hence  v0  =  y]g  x  Rmax  =  ^Jgx  which  is  choice  (a). 

The  warning  time  is  half  the  time  of  flight  (since  the 
missile  is  first  detected  at  half-way  point.  Hence, 
warning  time  is 


Posin0  yfgx  sin45c 


t=^  = 

2  g  g 

Hence  choice  (b)  is  also  correct. 

At  half-way  point,  the  missile  is  at  its  maximum 
height.  Therefore,  the  vertical  component  of 
velocity  is  zero  at  this  point.  Hence  the  velocity  is 
given  only  by  the  horizontal  component  which  is  vx 

=  p0  cos  9=  ^fgx  cos  45°  =  ,  which  is  choice 

(c).  The  maximum  height  attained  is 


h 

‘max 


Pq  sin2  9  gxx  sin2  45c 


2g  2g 

Thus,  all  the  four  choices  are  correct. 


x 

4 


9.  Let  G  be  the  position  of  the  gun  and  E  that  of  the 
enemy  plane  flying  horizontally  with  speed  v,  when 
the  shell  is  fired  with  a  speed  u  in  a  direction  9  with 
the  horizontal  (Fig.  4.28).  The  horizontal  compo¬ 
nent  of  u  is 

v  v  =  u  cos  9 


Let  the  shell  hit  the  plane  at  point  P  and  let  t  be 
the  time  taken  for  the  shell  to  hit  the  plane. 
It  is  clear  that  the  shell  will  hit  the  plane,  if  the 
horizontal  distance  EP  travelled  by  the  plane  in 
time  t  =  the  distance  travelled  by  the  shell  in  the 
horizontal  direction  in  the  same  time,  i.e.  vxt  =  vx 

v 

x  1  ox  v  =  v x  =  u  cos  9  or  cos  9=  —  . 

u 

To  avoid  being  hit,  the  plane  should  have  a 
minimum  altitude  =  maximum  height  attained  by 
the  shell  which  is 


h 

‘max 


u2  sin2  9 
2  g 
( 


n2(l  -  cos2  9) 
2  g 


V 


u  ) 


(u2  -V2) 


2  g  2  g 

Hence  the  correct  choices  are  (a)  and  (c). 


10. 


t  = 


2«  sin  0  2  x  20  x  sin  30° 


g 


10 


=  2  s 


Initial  downward  velocity  =  u  sin  9=  20  x  sin  30°  = 
10  ms1.  The  time  taken  to  fall  through  a  height  of 
40  m  is  given  by 

1  2  ,  .  , 

40=  10?!  +  —  x  10  xt  [  which  gives  tx  =  2  s.  Hence, 

the  total  time  taken  to  hit  the  ground  is  T  =  2  +  2  = 
4  s.  Therefore  Tit  =  2.  Also,  the  horizontal  distance 
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travelled  in  4  s  =  ( u  cos  0)  x  T=  20  x  cos  30°  x  4 
=  40  V3  m. 

Hence  the  correct  choices  are  (a)  and  (c). 

11.  The  horizontal  component  of  velocity  is 

dx  d  ,  . 

The  vertical  component  of  velocity  is 

v  =  —  =  —  [bt2  +  ct\  =2  bt  +  c  (ii) 
y  dt  dt  x  ' 

The  value  of  v  at  t  ■  1  s  is  (2b  +  c ).  Therefore,  the 
magnitude  of  velocity  at  t  =  1  s  is 

v  =  (v2x  +  v2)  1/2  =  [a2  +  (2b  +  c)2] 1/2 

If  a  projectile  is  projected  with  an  initial  velocity 
v0  at  an  angle  0  with  the  horizontal,  the  horizontal 
and  vertical  components  of  its  velocity  at  time  t  are 
given  by 

vx  =  v0  cos  0  (iii) 

and  vy  =  v0  sin  0  -  gt  (iv) 

Comparing  (iii)  and  (iv)  with  (i)  and  (ii)  above  we 
have  v0  cos  9=  a  and  v0  sin  6  =  c.  Dividing,  we  get, 
tan  6  =  da. 

Compairing  (iv)  with  (ii)  we  have g  =  -2b 
We  have  seen  above  that  v0  cos  0  =  a  and  v0  sin  9 
=  c.  Squaring  and  adding  we  get:  v  0  =  a~  +  c  or  v0 
=  (a2  +  c2) 1/2. 

Hence  the  correct  choice  are  (b),  (c)  and  (d). 

12.  The  range  is  the  same  for  0and  (90°  —  9).  Hence 


=  R2  for  9=  30°  or  60 c 
vl  sin2  9 

Since  /?max  = 


2g 


and  v0  is  the  same,  we  have 


hi  _  sin-  30°  _  1 


or 


1 2  sin  60°  3 

Thus  the  correct  choice  are  (b)  and  (d). 


3 


13.  We  know  that  h  = 


vl  sin2  9 


2  g 


.  The  increase  5  h  in  h 


when  Vq  changes  by  Sv0  can  be  obtained  by  partially 
differenting  this  expression.  Thus 

■  2  a  8h  _2Sv0 
h  Va 


„  2v0  5v0  sin"  9 

oh  =  - 


2  g 

^-‘**=1x0.01=0.005 
v0  2  h  2 

„  vl  sin2  9 
Now  range  R  =  - 

g 


8R  _  28v0 


R 


Time  of  flight  is  T  = 


=  2  x0.005  =  0.01  =  1  % 


2v0  sin0 
g 


—  =  =  0.005  =  0.5  % 


Hence  the  correct  choices  are  (b)  and  (c). 


8R 


14.  The  correct  choices  are  (a)  and  (d).  Use  —  = 

R 

28va  Sh  28  v0  .  8T  Sv* 

- - ,  —  = - -  and  —  =  — - . 

v0  h  v0  T  n0 

15.  The  horizontal  and  vertical  displacements  are  given 


by 

X  =  (p0  COS  9)t 

1  9 

y  =  (v0  sm  6)1-  -  gt 

(1) 

and 

(2) 

Given 

0 

11 

K 

(3) 

and 

7=10  t-t2 

(4) 

Comparing  (3)  with  (1)  and  (4)  with  (2),  we  have 
v0  cos  0=10  ^3  (5) 

Vq  sin  0=10  (6) 


and 


1 

-  g  =  l=>g  =  2ms 


-2 


Equations  (5)  and  (6)  give  v0  =  20  ms  1  and 
0=30°. 

,  vl  sin2  0  (20)2  x  sin2  30° 

.-.  /l„  =  — - -  =  25  m 


2g 


2x2 


2nnsin0  2  x  20  x  sin  30° 

tf  =  — - - = -  =  10  s 

f  g  2 


tiosin20  (20)2  xsin60° 
R  —  - =  — 


=  100V3  m 

g  2 

Hence  the  correct  choices  are  (b)  and  (c). 

16.  The  correct  choices  are  (a),  (b)  and  (c). 

17.  Since  the  force  is  always  perpendicular  to  the  velocity 
(i.e.  the  direction  of  motion)  of  the  particle,  no  work 
is  done  by  the  force  on  a  particle.  The  particle  will 
move  in  a  circle  in  a  plane.  Its  speed  and  hence 
its  kinetic  energy  will  remain  constant.  Since  the 
direction  of  the  velocity  is  along  the  tangent  to  the 
circle,  it  will  keep  changing  with  time.  Hence,  the 
momentum  will  not  remain  constant.  Since  velocity 
is  changing  with  time,  the  acceleration  (which  is 
perpendicular  to  velocity)  will  also  keep  changing. 
Hence  the  correct  choices  are  (a)  and  (c). 

18.  Since  the  stone  is  whirled  in  a  horizontal  plane,  the 
weight  mg  of  the  stone  (which  acts  vertically  down- 
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wards)  is  perpendicular  to  the  plane  of  the  circular 
motion  and,  therefore,  has  no  component  along  this 
plane.  Hence  the  tension  in  the  string  is  constant. 
Given  m  =  250  g  =  0.25  kg,  R  =  1 .0  m,  frequency  (v) 
30 

=  30  rev./min  =  —  =  0.5  Hz.  Angular  frequency 
( co )  =  2 nv=  2nx  0.5  =  Trrad  s~!.  The  necessary  cen¬ 
tripetal  force  is  provided  by  the  tension  in  the  string. 
Therefore, 

^  mv1  m(a>RY 
T  =  - =  — - - —  =  mccrR 


R 


R 


=  0.25  xtt2x  1.0=  —  N 


Speed  of  the  stone  is  v  =  Rco=  1.0  x  7T  =  ;rms~ 
The  maximum  speed  is  given  by 

.2 


mv„ 


R 


=  100 


or 


V  = 

mav 


100  xR 


m 


100x1.0 

0.25 


=  20  ms  1 

Hence  the  correct  choices  are  (b),  (c)  and  (d) 

19.  Since  the  surface  is  perfectly  frictionless,  the  disc 
will  not  roll  on  the  surface;  it  will  simply  keep  on 
rotating  at  point  A  where  it  is  placed.  Now,  linear 
speed  =  distance  from  centre  x  angular  speed. 
Therefore, 

vA  =  coR,  vB  =  and  vc  =  coR 

Hence  the  only  correct  choice  is  (c). 

20.  The  disc  is  rolling  about  the  point  O.  Thus  the  axis 
of  rotation  passes  through  the  point  A  and  is  perpen¬ 
dicular  to  the  plane  of  the  disc.  From  the  relation  v 
=  rco  where  r  is  the  distance  of  the  point  on  the  rim 
about  the  axis  of  rotation,  we  have 

3  R(o 

vA  =  0,  vB  =  (AB)  co=  —— 


and 


vc=  (AC)  (0=  2 Rco 


v. 


Hence  —  = 

v„ 


3  Rco 


1 


2  Rco 


Hence  the  correct  choices  are  (c)  and  (d). 

21.  Given  y  =  ax  -  bx2  (1) 

(a)  The  value  of  y  is  zero  at  x  =  0  and  x  =  R 
(horizontal  range).  Putting  y  =  0  and  x  =  R 
in  Eq.  (1),  we  get  R  =  alb. 

(b)  Differentiating  Eq.  (1)  with  respect  to  time  t, 
we  have 


dy  dx  dx 

—  =  a - 2  bx  — 

dt  dt  dt 

=>  vy  =  avx  -  2 bx  vx  =  (a  —  2bx)vx  (2) 

At  the  maximum  height  vy  =  0.  Using  this 
in  Eq.  (2),  we  get  (a  -  2 bx)  =  0  or  x  =  a!2b. 
Putting  this  value  of  x  in  Eq.  (1),  we  have 
(since  y  =  hmax  at  this  value  of  x) 

hmax  =  a{— 1-if— )  =  — 
max  {2b )  {2b )  4  b 

(c)  The  time  t  to  reach  the  maximum  height  is 
given  by 

h  =  -  gt2 

"max  2° 


t  = 


2  h 


2a 


g  V  4  bg  JIbg 
Therefore,  the  time  of  flight  is 


(d)  tan  6  =  —  -  —  (ax  -  bx2)  =  a  -  2 bx 
dx  dx 

Hence  the  correct  choices  are  (b)  and  (d). 
22.  Given  x  =  a  cos  (pt)  (1) 

y  =  b  sin  (pt)  (2) 

2  2 

From  ( 1 )  and  (2)  =  cos2  (pt)  +  sin2  (pt)  =  1 

a  b 

Hence  the  path  of  the  particle  is  an  ellipse. 

Let  the  position  vector  of  the  particle  at  time  t  be 

_  A  A 

r  =  xi  +  yj 

, , ,  .  -  dr  dx *  dy  * 

Velocity  v  =  —  =  —  H — —j 
dt  dt  dt 

-►  A  A 

v  =  -  a  p  sin  (pt)  i  +  bp  cos  (pt)  j 

( A  ( n\ A 

At  t  =  n!2p,  v  ,;te  -  ap  sin  I  —  I  i  +  bp  cos  I  —  \j 


=  -  ap  i  (3) 

Acceleration  a  =  —  ap2  cos  (pt)  i  -  bp 2  sin  (pt)  j 

2  A 

At  t=  n/2p,  a  =  -  bp  j 

-  -  ,  a  a 

.-.  At  t=  Jtl2p,  v  ■  a  =  abp  (i  ■  j)  =  0. 

Hence  v  La  . 

It  is  easy  to  see  that  choices  (c)  and  (d)  are  incor¬ 
rect. 
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# 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

Two  objects  are  projected  from  the  same  point  with  the 
same  speed  u  at  angles  of  projection  a  and  /J  with  the 
horizontal  respectively.  They  strike  the  ground  at  the  same 
point  at  a  distance  R  from  the  point  of  projection.  The 
respective  maximum  heights  attained  by  the  objects  are  hx 
and  h2  and  tx  and  t2  are  the  respective  times  of  flight. 

1.  R,  hx  and  h2  are  related  as 

(a)  R  =  yfh ~xh2  (b)  R  =  Jlhxh2 

(c)  R  =  2  yj 2hxh2  (d)  R  =  4  yjlhxh2 

2.  The  ratio  —  is  equal  to 

h 

SOLUTIONS 


(a)  sin  a  (b)  cos  a 

(c)  tan  a  (d)  cot  a 

3.  The  ration  hxlh2  is  equal  to 

(a)  sin2  a  (b)  cos2  a 

(c)  tan2  a  (d)  cot2  a 

4.  The  sum  (hx  +  h2)  is  equal  to 


(a) 


U  .  9 

—  sm-  a 
g 


(b) 


U  9 

—  cos"  a 
g 


g 


(d) 


2g 


Since  the  horizontal  range  in  the  same  a  +  (3  =  90°. 
Therefore  /)  =  90°  -  a  and  we  have 


h  = 

14  .  y 

—  sin  a 

2  g 

(1) 

h2  = 

U 2  .9  U2  9 

—  sin  p  =  —  cos"  a 

2  g  H  2  g 

(2) 

R  = 

u 2  . 

—  x  2  sm  a  cos  a 

2  g 

(3) 

T\  = 

2u  sin  a 

(4) 

g 

h  = 

2  u  sin  B  2  u 
- =  —  cos  a 

g  g 

(5) 

Questions  5  to  11  are  based  on  the  following  passage 
Passage  II 

The  position  vector  r  with  respect  to  the  origin  of  a  particle 
varies  with  time  t  as 

r  =  (at)  i  +  (bt  -  ct 2)  j 
where  a,  b  and  c  are  constants. 

5.  The  trajectory  of  the  particle  is  a 
(a)  straight  line  (b)  circle 

(c)  parabola  (d)  none  of  these 


1.  From  Eqs.  (1),  (2)  and  (3),  we  have 

R.«l  x2x.®3h  =  4^ 

g  V  u  u 
Hence  the  correct  choice  is  (d) 

2.  From  Eqs.  (4)  and  (5)  it  follows  that  the  correct 
choice  is  (c). 

3.  From  Eqs.  (1),  (2),  (4)  and  (5),  we  have 

hi  2 

—  =  tan"  a 

h  9 

Hence  the  correct  choice  is  (c). 

4.  From  Eqs.  (1)  and  (2),  we  find  that 

2 

li 

h i  +  h2=  — ,  which  is  choice  (d). 

2g 


6.  The  magnitude  of  the  initial  velocity  of  the  particle 
is 

(a)  Va2+c2  (b)  ^lb2+c2 

(c)  Vti2  +b2  (d)  (a  +  b  —  2c) 

7.  The  angle  9  with  the  horizontal  along  which  the 
particle  is  projected  is  given  by 


4.26  Comprehensive  Physics — JEE  Advanced 


(a)  sin  9  =  — 
c 

(c)  tan  9  =  — 
a 


(b)  cos  9  =  — 
c 

(d)  tan  6  = 


2c 


4, 


2  ,  i2 

a  +  b 


8.  The  time  of  flight  of  the  particle  is 


(a)  - 

c 


(c)  - 

a 


<b)  ± 

c 

ac 


9.  The  acceleration  due  to  gravity  at  that  place  is 
(a)  2  a  (b)  2  b 

(c)  2  c  (d)  none  of  these 

SOLUTIONS 

5.  Comparing  Eq.  r  =  (at)  i  +  (bt  -  ct2)  j  with  Eq.  r  = 
xi  +  y  j ,  we  get 

x  =  at  (1) 

and  y  =  bt  -ct1  (2) 

Eliminating  t  from  (1)  and  (2)  we  gety  =  f— lx  - 


C  9 

—  x  which  is  the  equation  of  a  parabola.  Hence 


the  correct  choice  is  (c). 

6.  From  Eqs.  (1)  and  (2),  we  have 
dx 

v,.  =  —  =  a 
x  dt 


v=^=b-2ct 


(3) 


(4) 


■’  dt 

Putting  t  =  0  in  Eqs.  (3)  and  (4),  the  initial  values  of 
vx  and  vy  are  a  and  b  respectively.  The  initial  speed 
of  the  particle  is 

u  =  \la2  +  b2  ,  which  is  choice  (c). 
7.  If  the  particle  is  projected  with  an  initial  velocity  u 
at  an  angle  9  with  the  horizontal,  then  the  horizon¬ 
tal  displacement  x  and  vertical  displacement  y  at 
time  t  are 

x  =  ( u  cos  9)t  (5) 


10.  The  maximum  height  to  which  the  particle  rises  is 


2  b" 

(a)  - 

c 

,2 

T 

Ac 


«M h 

4b2 
(d)  - 

c 


11.  The  horizontal  range  of  the  particle  is 


ab 

(a)  — 

c 

(c)  — 

a 


(b)  f 

b 


(d)  abc 


and 


1  2 

y  =  ( u  sin  9)t  -  —  gt 


(6) 


Comparing  Eqs.  (5)  and  (6)  with  Eqs.  (3)  and  (4) 
we  have  u  cos  9  =  a  and  u  sin  9  =  b  which  give 
tan  9  =  b/a,  which  is  choice  (c). 

8.  When  t  =  tpy  =  0.  Putting y  =  0  and  t  =  tj in  Eq.  (2) 
we  get  0  =  tf(b  —  ctj)  gives  tj=  0  and  tf  =  b/c.  But  tf= 
0  is  not  possible.  Hence  the  correct  choice  is  (a). 

9.  Comparing  Eq.  (6)  with  Eq.  (2),  we  get  g  =  2c, 
which  is  choice  is  (c). 

10.  Now  y  =  /3max  when  t  =  \tf  =  .  Putting  y  =  htmx 

2  J  2c 

and  t  =  b/2c  in  Eq.  (2)  we  get 

i  /  b  (  b  Y  b2 

2c  U  c)  4c 

11.  R  =  (it  cos  9)tp  (7) 

I  2  T  h 

Now  u  =  da" +b  ,  tan  9  =  —  which  gives 


cos  9  = 


J, 


a2  +b2 


and  tf=  —  .  Putting  these  values 

J  c 

ab 

in  Eq.  (7),  we  get  R  =  —  .  Hence  the  correct  choice 
is  (a).  c 


Questions  12  to  16  are  based  on  the  following  passage 
Passage  III 

An  object  of  mass  m  is  whirled  with  a  constant  speed  v  in 
a  vertical  circle  with  centre  O  and  radius  R.  7j,  T2,  and 
T4  are  the  tensions  in  the  string  when  the  object  is  at  A  (top 
of  the  circle),  B,  C  (the  lowermost  point  of  the  circle)  and 
D  respectively  (Fig.  4.29) 


A 


Fig.  4.29 
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12.  Tensions  Tx,  T2  and  T3  are  related  as 

(a)  7j  =  T2  =  r3  (b)  7j  <  T2  <  T3 

(c)  T]  >T1>  r,  (d)  t]  =  t2<  t2 

13.  Tension  T4  is  given  by 

,  3  T  mV2 

(a)  T4  =  -  +  mg  cos  9 

R 


(b)  r4  = 


mv 

R 


mv 


mg  cos  0 


(c)  T4  =  -  +  mg  sin  9 

R 

mv 2  . 

(d)  T4  =  -  -  mg  sin  9 

R 

14.  The  minimum  speed  the  object  must  have  at  the 
highest  point  A  to  complete  the  circle  is 

SOLUTIONS 

12.  Refer  to  Fig.  4.30 


mg  cos  9 


Fig.  4.30 

When  the  object  is  at  A,  since  the  weight  mg  acts 
vertically  downwards,  the  force  towards  centre  O  is. 
F\  =  T\  +  mg 
,.2 

=  7j  +  mg 


mv 


R 


Ti  = 


mv 

R 


- mg 


At  point  B,  weight  mg  has  no  component  along  BO. 
Hence  the  force  towards  O  is 


Fi  =  T2 


mv 

R 


=  T , 


At  point  C,  the  weight  mg  acts  in  opposite  direction 
to  tension  Tj.  Thus  at  C,  the  force  towards  centre  O 
is 

F3  =  T3  -  mg 

„2 


mv 

R 


=  T3-  mg 


u)  *£ 
(  }  V  2 


(b) 

(d)  2  jRg 


(c)  ^2% 

Here  g  is  the  acceleration  due  to  gravity. 

15.  The  minimum  speed  the  object  must  have  at  the 
lowest  point  C  to  complete  the  circle  is 

(a)  y[Rg  (b)  yjl Rg 

(c)  2V2 Rg  (d)  75 ~Rg 

16.  At  the  minimum  speed  of  Q.15,  the  tension  in  the 
string  is 

(a)  4  mg  (b)  5  mg 

(c)  6  mg  (d)  mg 


T,= 


mv 

R 


+  mg 


Hence  the  correct  choice  is  (b). 

13.  At  point  D,  the  force  towards  the  centre  is 
F4  =  T4-  mg  cos  9 

..2 

=  T4  —  mg  cos  9 


mv 


R 

2 


T,= 


mv 

R 


+  mg  cos  9,  which  is  choice  (a). 


14.  In  order  to  keep  a  body  of  mass  m  in  a  circular  path, 
the  centripetal  force,  at  the  highest  point  A,  must  at 
least  be  equal  to  the  weight  of  the  body.  Thus 


mv 


a  _ 


R 


mg  or  vA 


=  7% 


gives  the  minimum  speed  the  body  must  have  at  the 
highest  point  so  that  it  can  complete  the  circle. 
Hence  the  correct  choice  is  (b). 

15.  The  minimum  speed  vc  of  the  body  must  have  at 
the  lowest  point  C  is  given  by  v2c  =  v2A  +  2  x  2  Rg 

where  we  have  used  v2  =  u2  +  2 gh,  with  h  =  2  R. 
Thus 

=Rg  +  4Rg  =  5Rg 


or  vc  =  75%  ,  which  is  choice  (d). 
16.  The  tension  at  this  point  is  given  by 


2 


=  777 


R 


+  g 


=  777(5  g  +  g)  =  6  mg 


Hence  the  correct  choice  is  (c). 
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Questions  17  to  20  are  based  on  the  following  passage 
Passage  IV 

The  kinetic  energy  of  a  particle  moving  along  a  circle  of 
radius  R  depends  on  distance  (s)  as  K  =  as2  where  a  is  a 
constant. 

17.  The  centripetal  force  is  given  by 


(c) 


18.  The  speed  of  the  particle  around  the  circle  is 


2 

as 

(b) 

2 

as 

2  R 

R 

las2 

(d) 

4  as' 

R 

R 

(a)  2s\  — 
.  m 


SOLUTIONS 


1/2 


(b)  5|- 
.  m 


1/2 


17.  Given  KE  =  ^  mv2  =  as2.  Therefore,  the  centripetal 
force  is 


fc  = 


mv 


'1  2 

2  2  X  |  — mv 


las' 


R  R  R 

which  is  choice  (c). 

18.  The  speed  v  of  the  particle  around  the  circle  is 
given  by 

1  2  2  (2 a\ 

-  mv "  =  as  or  v  =  s\  — 

2  V  m  ) 

Hence  the  correct  choice  is  (c). 

19.  The  tangential  acceleration  is 

,1/2 


1/2 


dv  d 
dt  dt 


la V 
m  ) 


f  la  V/2  ds 
m  J  dt 


,  ,  ,'2a 

(c)  s\  — 
m 


1/2 


.  a 
(d)  s\  — 
,  2m 


1/2 


19.  The  tangential  force  acting  on  the  particle  is 

(a)  mas  (b)  2 mas 

(b)  as  (d)  las 

20.  The  net  force  acting  on  the  particle  is 


(a)  2as\  1  +  - 


\ 

f  s2  } 

(b)  as 

1  +  — 
l 

(c)  las 


V 


,  s2  ^ 
l  +  ~ 


1/2 


Rz 


(d)  zero 


1  /  r\  \  1/2 

But  —  =  v  =  s[  —  .  Therefore, 

dt 


la 


1/2 


X  5 


laf1'  las 


m  J  V  m  J  m 
Tangential  force  is  /,  =  mat 
las 


=  777  X 


=  las,  which  is  choice  (d). 


20.  Net  force  acting  on  the  particle  is 

/=  if]  +A)m 


Vo  2  A 

2 

2  as  ’ 

+  (las)2 

R  ) 

1/2 


.  j  .  S 

=  2  as  |  H - r- 

R2 

Thus  the  correct  choice  is  (c). 


1/2 


Questions  21  to  23  are  based  on  the  following  passage 
Passage  V 

A  conical  pendulum  consists  of  a  string  of  length  L  fixed 
at  one  end  carrying  a  body  of  mass  m  at  the  other  end.  The 
mass  is  revolved  in  a  circle  in  the  horizontal  plane  about-a 
vertical  axis  passing  through  the  fixed  end  of  the  string. 
The  angular  frequency  of  revolution  of  the  body  is  co.  The 
string  makes  an  angle  6  with  the  vertical  axis. 

21.  The  tension  in  the  string  is 


(a) 

777ft)2 

(b) 

Leo 2 

L 

m 

(c) 

mofL 

(d) 

mcoL 2 

22.  The  angle  of  inclination  of  the  string  with  the  verti¬ 
cal  is  given  by 


(a)  cos  6  = 
(c)  cos  0  = 


g 

to2  L 
orL 
g 


(b)  sin  6  =  -At- 
co  L 

(d)  sin  0  = 

g 


23.  The  linear  speed  of  the  body  is 

(a)  col  (b)  col  sin  0 

(c)  coL  cos  6  (d)  coL  tan  6 
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SOLUTIONS 


21.  Let  T  be  tension  in  the  string.  Figure  4.31  shows 
the  forces  acting  on  the  system.  Tension  T  can  be 
resolved  into  two  mutually  perpendicular  compo¬ 
nents.  The  horizontal  component  T  sin  9  provides 
the  centripetal  force  for  circular  motion  and  the  ver¬ 
tical  component  T  cos  9  balances  the  weight  mg. 


Fig.  4.31 


Thus 

T  cos  9  =  mg  (1) 

.  „  .  .  mv2  2 

and  T  sin  9  =  -  =  m(0~r 

r 

But  r  =  L  sin  9.  Therefore, 

T  sin  9  =  mco2L  sin  9  or  T  =  mofL  (2) 

Hence  the  correct  choice  is  (c). 

777  (J 

22.  From  (1),  we  have  cos  9=  -y-  (3) 

Using  (2)  in  (3),  we  get 

/77  cr  (x 

cos  9  =  - -z —  =  — -z — ,  which  is  choice  (a). 

m  (o  L  co  L 

23.  Linear  velocity  is  v  =  cor  =  coL  sin  9,  which  is  choice 
(b). 


1.  For  a  body  projected  at  time  t 

Column  I 


Matching 

0  horizontally  with  velocity  u  from  a  height  h. 

Column  II 


(a)  Horizontal  displacement 

(P) 

(b)  Vertical  displacement 

(q) 

(c)  Time  taken  to  hit  the  ground 

(r) 

(d)  Horizontal  range 

(d) 

is  proportional  to  t 

2 

is  proportional  to  t 


ANSWER 

(a)  -» (r) 

(c)  -» (p) 


(b)  ->  (s) 

(d)  ->  (q) 


2. 


A  body  is  projected  from  the  ground  with  velocity  u  such  that  its 

Column  I 

(a)  Maximum  height  attained  (p) 


range  is  maximum. 
Column  II 

'Jlu 

g 


(b)  Horizontal  range 

(c)  Time  of  flight 

(d)  Time  to  reach  maximum  height 


(q) 

(r) 

(s) 


u 

g^J 2 


g 
4  g 


4.30  Comprehensive  Physics — JEE  Advanced 


ANSWER 


For  maximum  range  9  =  45°. 

(a)  — >  (s) 

(c)  -» (p) 


(b)  -A  (r) 

(d)  ->  (q) 


3.  A  body  is  projected  with  velocity  u  at  angle  9  =  30°  with  the  horizontal. 

Column  I 

(a)  Velocity  at  maximum  height 


(b)  Velocity  at  half  the  maximum  height 

(c)  Average  velocity  between  the  point  of 
projection  and  highest  point 

2 

(d)  Velocity  at  t  =  —  (time  of  flight) 


Column  II 

(P) 

\fl3u 

4 

(q) 

- U 

3 

(r) 

V3 u 

2 

(s) 

ff 

v  8 

ANSWER 


Answer  with  Explanation 

.  ,  •  ,  ,  «2  sin2  30°  u2 

Maximum  height  /?  =  - =  — 

2g  8g 

(a)  At  maximum  height,  vx  =  mcos  9  and  vy  =  0.  Therefore,  v  =  mcos  9  =  mcos  30°  =  — — 


(b)  For  half  the  maximum  height, 


2 

v2,  =  (u  sin  9)2  -  2  gh'  =  u2  sin2  9-  gh 


=  u 2  sin2  30°  -  gx 


2  2  2  2 
u  u  u  11 


v =  u  cos  30°  = 


V3 u 


<Jvx+V2y 


,  2  2  |3«2  u2  ll 

V  —  \  Vr  +  V  ,  —  * - 1 - =  .  —  u 

>  \I  4  8  V  8 


.  .  .  ,  .  net displcemmt  OA  , 

(c)  Average  velocity  =  - : -  =  - —  (see  Fig.  4.32) 


time  taken 


1 

t  f 
2  1 


Now 


Now 


OA  =  Ah2  +  — 


u 


V3 u2 

R  =  —  x  sin  60°  =  ~ r — 

g  2g 

4  V/2 

I  u  -w ' 

OA  = 


^  u4  3 iC 
- v  H - 


64g"  16g‘ 


Vi3m2 


1  _  «sin0  u 

2tf~  —  =  ^S 


Fig.  4.32 
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Average  velocity 


(d) 


At  t 


Thus  the  answer  is  as  follows: 
(a)  (r) 

(c)  -» (p) 


v 


OA  Vi3m2  x 2 g 

I,  8gx« 

2  f 


Vl3 u 

4 


2  2 
u  sin  0- gx  —tf=u  sin  30°  - g  x  — 

u  2  u  u 

~  2~T~~6 

'Jim 

u  cos  6  =  u  cos  60°  =  - 


4 


2  2 
vr  +  Vy  = 


f  1  2  2\ 

5u  u 

~4~  36 


1/2 


2J1 


(b)  ->  (s) 

(d)  ^  (q) 


u 

X  — 

g 


4.  Match  objects  in  circular  motion  listed  in  column  I  with  the  sources  that  provide  the  necessary  centripetal  force 
listed  in  column  II. 


Column  I 

(a)  A  boy  whirling  a  stone  tied  to  a  string  in  a  circle 

(b)  The  moon  revolving  around  the  earth 

(c)  The  electron  revolving  around  the  proton 
in  a  hydrogen  atom 

(d)  A  car  negotiating  a  curved  road 


Column  II 

(p)  Frictional  force 

(q)  Muscular  force 

(r)  Gravitational  force 

(s)  Electrostatic  force 


ANSWER 

(b)  ->  (r) 
(d)  ->  (p) 


(a)  ->  (q) 

(c)  ->  (s) 


Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  questions  has 
the  following  four  choices  out  of  which  only  one  choice 
is  correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1 . 


(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

A  body  is  projected  horizontally  with  a  velocity  u 
from  the  top  of  a  building  of  height  h.  It  hits  the 
ground  after  a  time  t  =  -J2h/g  . 

Statement-2 

The  vertical  and  horizontal  motions  can  be  treated 
independently. 
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2.  Statement-1 

A  body  is  projected  from  the  ground  with  kinetic 
energy  K  at  an  angle  of  60°  with  the  horizontal.  If 
air  resistance  is  neglected,  its  kinetic  energy  when 
it  is  at  the  highest  point  of  its  trajectory  will  be 
K/4. 

Statement-2 

At  the  highest  point  of  the  trajectory,  the  directions 
of  the  velocity  and  acceleration  of  the  body  are  per- 
pendular  to  each  other. 

3.  Statement-1 

One  end  of  a  string  of  length  R  is  tied  to  stone  of 
mass  m  and  the  other  end  to  a  small  pivot  on  a 
frictionless  vertical  board.  The  stone  is  whirled  in 
a  vertical  circle  with  the  pivot  as  the  centre.  The 
minimum  speed  the  stone  must  have,  when  it  is  at 
the  topmost  point  on  the  circle,  so  that  the  string 
does  not  slack  is  ~JgR  . 

Statement-2 

At  the  topmost  point  on  the  circle,  the  centripetal 
force  is  provided  partly  by  tension  in  the  string  and 
partly  by  the  weight  of  the  stone. 

4.  Statement-1 

The  maximum  range  on  an  inclined  plane  when 
a  body  is  projected  upwards  from  the  base  of  the 
plane  is  less  than  that  when  it  is  projected  down¬ 
wards  from  the  top  of  the  same  plane  with  the  same 
speed. 

Statement-2 

The  maximum  range  along  an  inclined  plane  is  in¬ 
dependent  of  the  angle  of  inclination  of  the  plane. 

5.  Statement-1 

In  proj  ectile  motion,  the  velocity  of  the  body  at  a  point 
on  it  trajectory  is  equal  to  the  slope  at  that  point. 

SOLUTIONS 

1.  The  correct  choice  is  (a).  The  time  taken  by  the  body 
to  hit  the  ground  is  the  same  as  if  it  was  dropped 
from  that  height  and  fell  freely  under  gravity. 

2.  The  correct  choice  is  (b).  If  m  is  the  mass  of  the 
body  and  u  its  velocity  of  projection,  the  initial 
kinetic  energy  is 

K  =  —  mu 
2 

At  the  highest  point,  the  horizontal  velocity  is 
(u  cos  60°)  and  vertical  velocity  is  zero.  Hence  the 
kinetic  energy  at  the  highest  point  is 

1  ,11  7  K 

K'=  -  m  ( u  cos  60°)2  =  -  x  -  mu 2  =  — 

2  4  2  4 


Statement-2 

The  velocity  vector  at  a  point  is  always  along  the 
tangent  to  the  trajectory  at  that  point. 

6.  Statement-1 

In  a  uniform  circular  motion,  the  centripetal  force 
is  always  perpendicular  to  the  velocity  vector. 

Statement-2 

Then  the  force  does  no  work  on  the  body  and  its 
kinetic  energy  remains  constant. 

7.  Statement-1 

In  a  non-uniform  circular  motion,  the  particle  has 
two  acceleration-one  along  the  tangent  to  the  circle 
and  the  other  towards  the  centre  of  the  circle. 

Statement-2 

In  a  non-uniform  circular  motion,  the  magnitude 
and  the  direction  of  the  velocity  vector  both  change 
with  time. 

8.  Statement-1 

In  a  non-uniform  circular  motion,  the  acceleration 
of  the  particle  is  equal  to  sum  of  the  tangential 
acceleration  and  the  centripetal  acceleration. 

Statement-2 

The  two  accelerations  are  perpendicular  to  each  other. 

9.  Statement-1 

In  a  uniform  circular  motion,  the  kinetic  energy  of 
the  body  remains  constant. 

Statement-2 

The  momentum  of  the  body  does  not  change  with 
time. 

10.  Statement-1 

In  a  uniform  circular  motion,  the  acceleration  is 
always  directed  towards  the  centre  of  the  circle. 

Statement-2 

Otherwise  the  speed  of  the  body  moving  along  the 
circle  will  change  with  time. 


At  the  highest  point  of  the  trajectory,  the  velocity 
of  the  body  is  horizontal  (parallel  to  the  ground) 
but  its  acceleration  is  g  directed  vertically  down¬ 
wards. 

3.  The  correct  choice  is  (a).  When  the  stone  is  at  the 
topmost  point  A  on  the  circle,  the  centripetal  force 
is  provided  by  (mg  +  T)  as  shown  in  Fig.  4.33. 


Thus 


mv 

R 


=  mg  +  T 


When  the  stone  is  at  A,  the  string  will  not  slack  if 


tension  T=  0,  which  gives 


mv 

R 


:  mg  =>  v 


= 


Motion  in  Two  Dimensions  4.33 


4.  The  range  along  the  inclined  plane  when  a  body 
is  projected  with  velocity  u  at  an  angle  9  with  the 
horizontal  is  given  by 

_  2«1 2sin(0-o;)cos0 

A  —  2 

gcos“  a 

u2 

=  - ; —  [sin  (20-  a)  -  sin  a] 

geos  a 


R'  =  11 

/v  max  •  n 

g(l  -  sin  a) 

Thus  R'max  >  /?max.  Since  the  range  R  depends  on 
angle  a,  Statement  is  false.  Hence  the  correct 
choice  is  (c). 

5.  The  correct  choice  is  (d).  At  the  highest  point  on 
the  trajectory,  the  slope  is  zero  but  velocity  is 
u  cos  9. 

6.  The  correct  choice  is  (a). 

7.  The  correct  choice  is  (a). 

8.  The  correct  choice  is  (d).  The  acceleration  of  the 
particle  is  given  by 

n  2 

a  =  ^ jac  +  at 

where  ac  =  centripetal  acceleration  and  at  =  tangen¬ 
tial  acceleration. 


where  a  is  the  angle  of  inclination  of  the  plane. 
Range  R  will  be  maximum  of  sin(2  9  —  a)  =  1  or 
29-  a  =  90°  in  which  case 


9. 


R = 


[  1  -  sin  a]  = 


geos"  a  g(l  +  sina) 

If  the  body  is  projected  downwards  from  the  top  of 
the  same  inclined  plane,  the  maximum  range  will  be 


10. 


The  correct  choice  is  (c).  The  speed  of  the  body 
remains  constant  but  the  momentum  changes  with 
time  because  the  direction  of  the  velocity  vector 
changes  with  time. 

The  correct  choices  is  (a).  If  the  acceleration  vector 
is  directed  towards  the  centre  of  the  circle,  it  will 
have  a  component  along  the  tangent,  as  a  result  the 
speed  of  the  body  will  change  and  the  motion  no 
longer  remains  unifonn. 


# 

Integer  Answer  Type 


1.  A  body  falling  freely  from  a  given  height  //hits  an 
inclined  plane  in  its  path  at  a  height  h.  As  a  result  of 
this  impact,  the  direction  of  the  velocity  of  the  body 
becomes  horizontal.  For  what  value  of  H/h,  will  the 
body  take  the  maximum  time  to  reach  the  ground? 

<  IIT,  1986 

2.  On  a  frictionless  horizontal  surface,  assumed  to  be 
the  x-y  plane,  a  small  trolley  A  is  moving  along  a 
straight  line  parallel  to  the  y-axis  with  a  constant 
velocity  vT=  (V3  - 1)  ms-1  as  shown  Fig.  4.34.  At 
a  particular  instant  when  OA  makes  an  angle  of  45° 
with  the  v-axis,  a  ball  is  thrown  from  origin  O.  Its 
velocity  makes  an  angle  of  60°  with  the  v-axis  and 
its  velocity  is  such  that  it  hits  the  trolley.  Find  the 
magnitude  of  the  veolcity  of  the  ball  with  respect 
to  the  horizontal  surface. 

<  IIT,  2002 


3.  A  train  is  moving  along  a  straight  line  with  a  con¬ 
stant  acceleration  ‘a’.  A  boy  standing  in  the  train 
throws  a  ball  forward  with  a  speed  of  10  m/s,  at  an 
angle  of  60°  to  the  horizontal.  The  boy  has  to  move 
forward  by  1.15  m  inside  the  train  to  catch  the  ball 
back  at  the  initial  height.  The  acceleration  of  the 
train,  in  m/s2,  is 

<  IIT,  2011 
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SOLUTIONS 


1.  A  body  falling  freely  from  point  P  at  a  height  77 
hits  the  inclined  plane  at  point  Q  at  a  height  h.  As 
a  result,  the  velocity  becomes  horizontal  and  the 
body  then  follows  a  parabolic  path  and  finally  hits 
the  ground  at  point  R.  The  motion  of  the  body  from 
P  to  R  via  Q  is  shown  in  Fig.  4.35. 

P 


If  t'  is  the  time  taken  by  the  body  to  fall  from  P  to 
Q  through  a  height  (77—  h),  then  we  have 


n  1  /2  ,  [2(H-hyV2 

(77  -  h )  =  —  gt  2  or  t  =  - 

2  \  g 

The  time  t"  taken  by  the  body  to  fall  from  (9  to  R  is 
given  by  ( v  the  initial  velocity  at  O  is  zero) 

.  1  „2  „  (2>AV2 

h  =  -gt  or  t  =  — 

2  V  g 

The  total  time  taken  by  the  body  to  reach  the  ground 
is 


t  =  t'  +  t"  = 


(  2(77  -  h) 


\  g 


2 h 

yg  j 


(i) 


dt 


d2t  . 


dh1 


is 


Time  t  will  be  maximum  if  —  =0  and 

dh 

negative.  Therefore,  differenting  Eq.  (1)  w.r.t.  h  and 
dt  , 

setting  —  =  0,  we  have 
dh 


dt  _  q  _  d 
dh  dh 


r.rh172  h  2h^V1 


2(77  -  h) 
g 


+ 


g 


-f \{H  -h)~y2  x{-\)  +  \h~V2 
.g  l2  2 


1 


1 


g  L  (H-  h)V2  h 


1 

0/2 


which  gives 


1 


(77  -  h) 


1/2 


.  1/2 


—  =  2 
h 


77 


d~t  . 


It  is  easy  to  check  that  when  —  =2,  — —  is  nega¬ 
tive.  ^  dh 

2.  Refer  to  Fig.  4.36.  It  follows  that  Vb  is  the  resultant 
of  v  and  vt  ■  In  triangle  OAB 


vT 


sin  135°  sin  15° 

vT  sin  (90°  +  45°) 

=>  vB  = 


sin(60°-45°) 

(VJ  -  1)  x  cos  45° 
sin  60°  cos  45°  -  cos60°sin45c 

(V3  -l)xl/V2 


V3/2V2  -1/2V2 


=  2  ms  1 


Fig.  4.36 

3.  u  =  10  ms-1,  6=  60° 

Time  of  flight  is 

2m  sin  0  2  x  10  x  sin  60° 


=  V3  s 

g  10 

Let  v  be  the  velocity  of  the  train.  The  horizontal 
velocity  of  ball  at  the  instant  it  is  thrown  =  (v  +  ux) 
=  (v  +  u  cos 0).  Therefore,  the  horizontal  range  of 
the  ball  with  respect  to  the  ground  is 

R  =  (v  +  mcos0)7  where  r  =  V 3  s 
It  is  clear  that 

Distance  travelled  by  ball  in  time  t  +  1.15  =  7? 

1  2 

i.e.  vt  +  — at  +  1.15  =  (v  +  u  cos 8)t 

1  2 

=>  —at  +  1.15  =  (m  cos Q)t 

=>  ^mx(V3)2  +  1.15  =  (10  cos  60°)  x  V3 

=>  a  =  5  ms~2 


Laws  of  Motion  and  Frictio 


REVIEW  OF  BASIC  CONCEPTS 


5.1  ;  NEWTON'S  FIRST  LAW  OF  MOTION 

Newton’s  first  law  of  motion  states  that  “ every  body 
continues  in  its  state  of  rest  or  of  uniform  motion  in  a 
straight  line  unless  it  is  compelled  to  change  that  state  by 
an  external  unbalanced  force.” 

5.2  |  NEWTON'S  SECOND  LAW  OF  MOTION 

Newton’s  second  law  of  motion  states  that  the  rate 
of  change  of  linear  momentum  of  a  body  is  directly 
proportional  to  the  applied  force  and  the  change  takes 
place  in  the  direction  in  which  the  force  acts. 

Linear  Momentum  Newton  defined  linear  momentum  as 
the  product  of  the  mass  and  the  velocity  of  a  body, 
p  =  my 

Differentiating  this  equation  with  respect  to  time,  we  get 
dp  d\ 

—  =  m  —  ( v  m  is  constant) 

dt  dt 


d\ 

where  a  =  —  is  the  acceleration  produced. 
dt 


(1)  Force  =  slope  of  momentum-time  ( p-t )  graph. 

(2)  Change  in  momentum  =  area  under  the  force-time 
( F -  t)  graph. 


A  constant  force  acts  for  0.5s  on  a  body  of  mass 
1.5  kg  initially  at  rest.  When  the  force  ceases  to  act, 
the  body  is  found  to  travel  a  distance  of  5.0  m  in  2.0  s 
in  the  direction  of  the  force.  Find  the  magnitude  of 
the  force  applied. 


According  to  Newton’s  first  law,  when  the  force 
ceases  to  act,  the  body  will  move  with  a  uniform  ve¬ 
locity  given  by 

5  -i 

v  =  —  =  2.5  ms 
2 

Using  u  =  0,  v  =  2.5  ms"  and  fiS  0.5  s  in  v  =  u  +  at, 
we  get  a  =  5  ms~2.  From  Newton’s  second  law, 

Force  F  =  ma  =  1.5  x  5  =  7.5  N. 


Two  forces  each  of  magnitude  10  N  act  on  a  body  of 
mass  5  kg  at  an  angle  of  120°.  Find  the  magnitude  of 
acceleration  produced. 


F,  =  F-,  =  10  N  and  6=  120°.  Resultant  force  is 


F  =  s]F2  +  F22  +  2FjF2  cos  0 


=  ,  II 02  + 102  +  2  xlO  x  10  xf-— 


=  10  N 
F  10 

a  =  —  =  —  =  2  ms 
m  5 


The  velocity  of  a  body  of  mass  2  kg  changes  from 

AAA  AAA 

Vj  =(2i +3 j -k)ms  ‘to v2  =  (-3 i  +  2 j  +  3k)ms  1 
in  3  s.  Find  (a)  the  magnitude  of  the  change  in 
momentum  of  the  body  and  (b)  the  magnitude  of  the 
force  applied. 
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SOLUTION 


(a)  Change  in  momentum  =  final  momentum  -  initial 
momentum 

or  Ap  =  my 2  -  m\x 

AAA  AAA 


=  7«[(-3  i  +  2  j  +  3k)  -  (2  i  +  3  j  -  k)] 

A  A  A 

=  m ( —  5  i-  j  +  4k) 


|Ap|  =  2V(-5)2+(-1)2+(4)2 
=  2  x  V42  =  12.96  kgms-1 

(b)  | F |  =  =  4.32  ~  4.3  N 


At 


EXAMPLE  5.4 


A  particle  of  mass  1  g  is  moving  along  the  positive 
x-axis  under  the  influence  of  a  force. 

f.-A 

X 

where  k  =  1(T3  Nm2.  When  the  particle  is  at  x  =  1.0  m, 
its  velocity  v  =  0.  Find  (a)  the  magnitude  of  its 
velocity  when,  it  reachesx  =  0.5  m  and  (b)  its  position 


when  its  speed  is  1  ms  . 


SOLUTION 


dv  dv  dx  dv 

F  =  ma  =  m  —  =  m - =  mv  — 

dt  dx  dt  dx 


Given,  F  =  — — .  Therefore 

x2 

k  dv  k  , 

— -  =  mv — =>vdv- - -dx 


x~  dx 

Integrating,  we  have 

k 


mx 


f  vdv  = - f  x  2  dx 

J  m  J 


-  = - hC 


(i) 


v 

2  mx 

where  c  is  the  constant  of  integration.  Given  v  =  0 

k 

when  x  =  1 .0  m.  Using  this  in  eq.  (i),  we  get  c  = - . 

Equation  (i)  becomes 


v 

~2~ 


v  = 


mx  m 

(1-1 

m  Vx 


il/2 


V  = 


2xlO“Vl 


10“3  U 


1I/2 


[v  k  =  10  3  Nm2  and  m  =  10  3  kg] 


v  = 


2\  — 1 

x 


1/2 


(a)  when  x  =  0.5  m,  v  = 


2 - 1 

0.5 


1/2 


=  v/2  ms 


(b)  when  v  =  1  ms  ',  1  = 


2|  —  - 1 

x 


1I/2 


>x  =  0.67  m 


5.3  ;  NEWTON'S  THIRD  LAW  OF  MOTION 

Newton’s  third  law  of  motion  states  that  whenever  one 
body  exerts  a  force  on  a  second  body,  the  second  body 
exerts  an  equal  and  opposite  force  on  the  first,  or,  to  every 
action  there  is  an  equal  and  opposite  reaction.  The  action 
and  reaction  forces  act  on  different  bodies. 


5.4 


LAW  OF  CONSERVATION  OF  LINEAR 
MOMENTUM 


The  law  of  conservation  of  linear  momentum  may  be 
stated  as  ‘when  no  net  external  force  acts  on  a  system 
consisting  of  several  particles,  the  total  linear  momentum 
of  the  system  is  conserved,  the  total  linear  momentum 
being  the  vector  sum  of  the  linear  momentum  of  each 
particle  in  the  system’ . 

Recoil  of  a  Gun 

The  gun  and  the  bullet  constitute  a  two-body  system. 
Before  the  gun  is  fired,  both  the  gun  and  the  bullet  are 
at  rest.  Therefore,  the  total  momentum  of  the  gun-bullet 
system  is  zero.  After  the  gun  is  fired,  the  bullet  moves 
forward  and  the  gun  recoils  backwards.  Let  mh  and  mg  be 
the  masses  of  the  bullet  and  the  gun.  If  \b  and  vg  are  their 
respective  velocities  after  firing,  the  total  momentum  of  the 
gun-bullet  system  after  firing  is  (mb\b  +  mg  vg).  From  the 
law  of  conservation  of  momentum,  the  total  momentum 
after  and  before  the  gun  is  fired  must  be  the  same,  i.e. 
mb  \b  +  m„  =  0 


or 


g  g 


Yg  = 


mb  vb 


The  negative  sign  indicates  that  the  gun  recoils  in 
a  direction  opposite  to  that  of  the  bullet.  In  terms  of 
magnitudes,  we  have 
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mg 

5.5  ;  IMPULSE _ 

Consider  a  collision  between  two  bodies  A  and  B  moving 
in  the  same  straight  line.  Let  At  be  the  duration  of  the 
collision,  i.e.  the  time  for  which  the  bodies  were  in  contact 
during  which  time  the  transfer  of  momentum  took  place. 
We  assume  that  the  bodies  continue  moving  in  the  same 
straight  line  after  the  collision  with  velocities  different 
from  their  initial  velocities. 

Impulse  of  a  force  is  the  product  of  the  average  force 
and  the  time  for  which  the  force  acts  and  it  is  equal  to 
the  change  in  momentum  of  the  body  during  that  time. 
Impulse  is  a  vector  and  is  measured  in  kg  m  s  1  or  N  s. 

I  =  Fav  At  =  Ap 


EXAMPLE  5.5 


I  A  ball  of  mass  m  is  moving  with  a  velocity  v  towards 
a  rigid  vertical  wall.  After  striking  the  wall,  the  ball 
deflects  through  an  angle  6  without  change  in  its 
speed.  Obtain  the  expression  for  the  impulse  imparted 
to  the  ball. 


SOLUTION 


I  Let  Vj  and  v2  be  the  initial  and  final  velocities  of  the 
ball  [Fig.  5.1(a)] 

Impulse  =  change  in  momentum 

=  m\1  -  W7V)  =  m(Vi  —  Vj) 

=  m[\2  +  (-  v,)] 
or  Impulse  =  mA\ 

where  Av  =  v2  +  (-  Vj)  is  the  resultant  of  v2  and  -  V! 
[Fig.  5.1(b)], 


Fig.  5.1 


=  \]v2  +v 2  +2v 2  cos0 
=  V2W(l  +  cos0)  =  2v  cos 


The  direction  of  impulse  is  perpendicular  to  the  wall 
and  away  from  it. 


5.6  j  CONTACT  FORCES 


(!)  Normal  Reaction 

The  force  exerted  by  one  body  when  placed  on  the  surface 
of  another  body  is  known  as  contact  force.  If  the  two 
surfaces  in  contact  are  perfectly  smooth  (i.e.,  frictionless), 
then  the  contact  force  acts  only  perpendicular  (normal)  to 
their  surface  of  contact  and  is  known  as  normal  reaction 

( R )• 

If  a  block  of  mass  m  is  placed  on  a  horizontal  frictionless 
surface  [Fig.  5.2  (a)],  the  normal  reaction  R  =  mg.  If  the 
block  is  placed  on  an  inclined  plane  of  inclination  a  [Fig. 
5.2  (b)],  the  normal  reaction  R  =  mg  cos  a 


R 


Fig.  5.2 

If  there  is  friction  between  the  surfaces  of  contact,  then 
the  component  of  the  contact  force  perpendicular  to  their 
surface  gives  the  normal  reaction  and  the  other  component 
which  acts  along  the  tangent  to  the  surface  of  contact 
gives  the  force  of  friction.  The  normal  reaction,  tension 
and  friction  are  examples  of  contact  force. 

(2)  Tension 

The  force  in  a  string  is  called  tension  (T).  If  the  string  is 
massless,  the  tension  has  the  same  magnitude  at  all  points 
of  the  string.  Tension  in  the  string  always  acts  away  from 
the  body  to  which  it  is  attached.  If  the  string  passes  over  a 
frictionless  pulley  and  its  ends  are  attached  to  two  bodies, 
the  tension  in  the  entire  string  has  the  same  magnitude 
and  its  direction  is  towards  its  point  of  contact  with  the 
pulley. 


Magnitude  of  Av  is  [  v  magnitude  of  v,  =  magnitude 
of  v2  =  V] 

Av  =  v2  +  v\  +  2vxv2  cos  0 


5.7  \  FRICTION _ 

Friction  is  the  force  which  comes  into  play  when  one 
body  slides  or  rolls  over  the  surface  of  another  body  and 
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acts  in  a  direction  tangential  to  the  surfaces  in  contact  and 
opposite  to  the  direction  of  motion  of  the  body. 

The  maximum  (or  limiting)  force  of  friction  when  a 
body  just  begins  to  slide  over  the  surface  of  another  body 
is  called  the  limiting  friction.  The  force  of  friction  just 
before  one  body  begins  to  slide  over  another  is  called 
the  limiting  static  friction  (f).  The  coefficient  of  limiting 
static  friction  (ps)  is  defined  as 


where  R  is  the  normal  reaction,  i.e.  the  normal  force 
pressing  the  two  surfaces  together. 

The  force  necessary  to  maintain  a  body  in  uniform 
motion  over  the  surface  of  another  body,  after  motion  has 
started,  is  called  the  kinetic  or  sliding  friction  (fk ).  The 
coefficient  of  kinetic  friction  (jlk)  is  defined  as 


Note  that  pk  is  always  less  than  ps. 


Angle  of  Friction  Angle  of 
friction  is  the  angle  between  the 
resultant  of  the  force  of  limiting 
friction  if)  and  the  normal 
reaction  ( R ).  In  Fig.  5.3,  9  is  the 
angle  of  friction,  which  is  given 
by 

f 

tan  9  =—  =  p 
R 

9  =  tan-1  (p) 


Angle  of  Repose  Suppose  a  body  is  placed  on  an  inclined 
plane.  The  angle  of  inclination  is  gradually  increased  until 
the  body  just  begins  to  slide  along  the  plane.  When  this 
happens  the  angle  of  inclination  a  of  the  inclined  surface 
with  the  horizontal  is  called  the  angle  of  repose  (See  Fig. 
5.4).  It  follows  from  the  figure  that 


mg 


Fig.  5.4 

Force  of  limiting  friction  (/)  =  mg  sin  a 
Force  of  normal  reaction  (R)  =  mg  cos  a 
f 

Therefore,  tan  a  =  —  =  p  =  tan  9 

R  ^ 


or  a  =  9  =  tan  1  (p) 

5.8  j  BANKING  OF  ROUND  TRACKS _ 

When  a  car  (or  some  other  vehicle)  negotiates  a  curved 
level  road,  the  centripetal  force  required  to  keep  the  car 
in  motion  around  the  curve  is  provided  by  the  friction 
between  the  road  and  the  types.  The  weight  of  the  car 
is  supported  by  the  normal  reaction  due  to  the  earth.  If 
the  surface  of  the  road  is  very  rough,  it  provides  a  large 
amount  of  friction  and  hence  the  car  can  successfully 
negotiate  the  bend  with  a  fairly  high  speed.  If  F  is  the 
total  frictional  force  between  the  tyres  and  the  road,  then 

2 

„  mv 

F=  - 

R 

when  m  is  the  mass  of  the  car,  v  its  speed  around  the  curve 
and  R  is  the  radius  of  the  curved  track.  The  higher  the 
value  of  F ,  the  faster  is  the  speed  at  which  the  bend  can 
be  negotiated.  If  p  is  the  coefficient  of  friction  between 
the  tyres  and  the  road,  then  F  <  pN\  N  =  normal  reaction 
=  mg.  The  maximum  speed  which  friction  can  sustain  is 

»  ^  »max  =  U*Rg)m 

BANKING  OF  CURVES 

The  large  amount  of  fric¬ 
tion  between  the  tyres  and 
the  road  would  damage 
the  tyres.  To  minimize 
the  wearing  out  of  tyres 
of  road  bed  is  banked, 
i.e.  the  outer  part  of  the 
road  is  raised  a  little 
so  that  that  road  slopes 
towards  the  centre  of  the 
curved  track.  Suppose  a 
car  of  mass  m  is  moving 
around  a  banked  track  in 
a  circular  path  of  radius  R 
as  shown  in  Fig.  5.5.  Let 
Nl  and  /V2  be  the  reaction  at  each  tyre  due  to  the  road.  Then 
the  total  reaction  is  N  =  Nl  +  N2  acting  in  the  middle  of 
the  car.  If  9  is  the  angle  of  the  banking,  the  vertical  com¬ 
ponent  N  cos  9  supports  the  weight  mg  of  the  car  while 
the  horizontal  component  N  sin  9  provides  the  necessary 
centripetal  force. 

Thus 

2 

mv 

N  sin  9  =  -  -  F  cos  9 

R 

and  N  cos  9  =  mg  +  F  sin  9 
Also  F  =  pN 


Fig.  5.5  Car  on  a  banked  curved 
road 
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where  F  is  the  force  of  friction  acting  radially  inwards  on 
the  car.  These  equations  give 


tan  6  =  - - and  v2  =  Rg 


Rg  +  /u.v~ 


u  +  tan  6 
1  -  tan  0 


The  first  equation  determines  the  proper  banking  angle  for 
given  v,  R  and  fj.,  and  the  second  equation  the  maximum 
speed  at  which  the  car  can  successfully  negotiate  the  curve 
for  given  R,  fj,  and  0. 

For  given  9  and  R,  there  is  an  optimum  (best)  speed 
for  negotiating  a  banked  curve  at  which  there  will  be  the 
least  wear  and  tear,  i.e.  when  friction  is  not  needed  at  all 
(jU  =  0).  If  /u  =  0,  this  speed  is  v  =  (Rg  tan  9)U1 
The  car  will  not  skid  if  the  angle  of  banking  of  the  track 
satisfies  the  relation 


tan  9  =  — 

Rg 


\  A  CYCLIST  NEGOTIATING  A  CURVED 
59  \  LEVEL  ROAD _ 

While  negotiating  a  curved  level  (unbanked)  road,  a 
cyclist  has  to  lean  inwards  which  provides  the  necessary 
centripetal  force  which  prevents  him  from  falling  down. 
Figure  5.6  shows  a  cyclist  leaning  at  an  angle  9  with  the 
vertical.  N  is  the  normal  reaction  which  is  given  by 
N  =  mg 

where  m  is  the  mass  of  the  cyclist  plus  the  bicycle.  The 
force  of  friction  between  the  road  and  the  tyres  is 
F  =  fjN  =  fimg 


N  cos  e 


Fig.  5.6 

The  cyclist  will  skid  if  the  centripetal  force  mv2!R 
exceeds  the  frictional  force  F,  i.e.  if 


2 

mv 

-  >  umg 

R 

where  R  is  the  radius  of  the  curved  road.  Thus  skidding 
occurs  if 

v  =  yljlgR 


5.10  !  MOTION  IN  A  VERTICAL  CIRCLE 


Figure  5.7  shows  an  object  of  mass  m  whirled  with  a 
constant  speed  v  in  a  vertical  circle  of  centre  O  with  a 
string  of  lengths.  When  the  object  is  at  top  A  of  the  circle, 
let  us  say  that  the  tension  (force)  in  the  string  is  7j.  Since 
the  weight  mg  acts  vertically  downwards  towards  the 
centre  O,  we  have, 


A 


Force  towards  centre,  F  =  7j  +  mg  =  - 

i  s  R 

„  mv2 

or  Tx  =  — - mg  (l) 

K 

At  the  point  B,  where  OB  is  horizontal,  the  weight  mg 
has  no  component  along  OB.  Thus,  if  the  tension  in  the 
string  is  T2  at  B,  we  have 
Force  towards  centre, 


F  =  T2 


2 

mv 

R 


(ii) 


At  C,  the  lowest  point  of  motion,  the  weight  mg  acts  in 
the  opposite  direction  to  the  tension  7)  in  the  string.  Thus 
at  C  we  have, 


Force  towards  centre, 
or 


F  =  T3~  mg  = 


2 

mv 

R 


2 

mv 

R 


+  mg 


From  (i),  (ii)  and  (iii),  we  see  that  the  maximum  tension 

occurs  at  lowest  point  C  of  the  motion.  Here  the  tension 

2 

tflV 

T}  must  be  greater  than  mg  by  -  to  keep  the  object  in 

R 

a  circular  path.  The  minimum  tension  is  given  by  (i)  when 
the  object  is  at  the  highest  point  A  of  the  motion.  Here  part 
of  the  required  centripetal  force  is  provided  by  the  weight 
and  the  rest  by  7j. 

In  order  to  keep  a  body  of  mass  m  in  a  circular  path,  the 
centripetal  force,  at  the  highest  point  A,  must  at  least  be 
equal  to  the  weight  of  the  body.  Thus 
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mvA 

R 


mg  or 


v2a 


=  Rg 


gives  the  minimum  speed  the  body  must  have  at  the 
highest  point  so  that  it  can  complete  the  circle.  Then  the 
minimum  speed  vc  the  body  must  have  at  the  lowest  point 
C  is  given  by 

vc  =  va  +  2  x  2  Rg 

where  we  have  used  v2  =  u 2  +  2 gh,  with  h  =  2 R.  Thus 
vl  =  Rg  +  4  Rg  =  5  Rg 
or  vc  =  ^5Rg 


The  tension  at  this  point  is  given  by 


T  j  =  m 


( 2 


R 


g 


=  m  (5g  +  g)  =  6  mg 


EXAMPLE  5.6 


A  body  of  mass  m  =  20  g  is  attached  to  an  elastic 
spring  of  length  L  =  50  cm  and  spring  constant  k  = 
2  NnT1.  The  system  is  revolved  in  a  horizontal  plane 
with  a  frequency  v  =  30  rev/min.  Find  the  radius  of 
the  circular  motion  and  the  tension  in  the  spring. 


SOLUTION 


30 

Angular  velocity  co  =  2nv  =  2n  x  —  =  n  rad  s_I. 

For  an  elastic  spring  force  F  =  kx  where  x  is  the 
extension. 

Radius  of  circular  motion  r  =  L+x. 

Centripetal  force  =  mror  =  F 
Or  m(L  +  x)of  =  kx 


x  = 


mLco 
k  —  m(02 


Tension 


EXAMPLE  5.7 


_  0.02  x  0.5  x  (3.14)- 
2-0.02  x  (3. 14)2 
-  0.05m 

r  =  L  +  x  =  0.5  +  0.05  =  0.55  m 
F=  kx  =  2  X  0.05  =  0.1  N 


A  liquid  of  mass  M  and  density  p  is  filled  in  a  tube 
AB  of  length  L.  The  tube  is  rotated  about  end  A  with 
angular  velocity  CO.  Obtain  the  expression  for  the 
force  exerted  at  the  other  end  B. 


SOLUTION 


M 

Mass  of  element  of  length  dx  is  m  =  —  dx 


Centripetal  force  on  element  =  J 


=  moo  x 


Moo 


2  L 

—  jxdx 


=  -MLco2 
2 


EXAMPLE  5.8 


A  conical  pendulum  has  a  string  of  length  /  =  50  cm 
and  bob  of  mass  m  =  200  g.  The  bob  is  revolved  in 
a  horizontal  circle  of  radius  r  =  20  cm.  If  the  string 
makes  an  angle  6  =  60°  with  the  vertical,  find 
(a)  the  tension  in  the  string  and  (b)  the  speed  of  the 
bob  around  the  circle.  Take  g  =  1 0  ms 


SOLUTION 


-2 


Fig.  5.9 

Refer  to  Fig.  5.9, 

OQ  =  r  and  PQ  =  l 

Force  towards  centre  O  =  T  sin  6 

2 

mv  m  . 

i.e.  -  =  T  sm  0 


(i) 
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Also 


mg  =  T  cos  0 


GO 


(a)  From  (ii)  T=  =  °'2Xl°  =  4  N 

cos0  cos  60° 

(b)  Dividing  (i)  by  (ii)  we  have 

v2 

—  =  tan  0 

rg 


v 


=  \jrg  tan  0  =  ^/o^xTtrxlanbO" 


=  1.86  ms 


-l 


bowl  and  the  time  period  of  revolution  of  the  sphree 

_2 

around  the  circle.  Take  g  =  10  ms  . 

5  m  and  OC  =  2.5  m.  Therefore  cos  0 
=>  0=60°. 

Radius  of  circle  is  r  =  CP  =  OP  sin  0  =  5  sin  60° 

5x  V3 

=  - m 

2 


SOLUTION 


Given  OP 
_  OC  _  1 
OP  2 


EXAMPLE  5.9 


I  A  coin  of  mass  m  =  10  g  is  placed  at  a  distance  of 
30  cm  from  the  centre  of  a  disc.  The  disc  is  rotated 
at  30  rev/min  about  a  vertical  axis  passing  through 
its  centre.  What  should  be  the  minimum  value  of  the 
coefficient  of  friction  between  the  coin  and  the  disc 
so  that  the  coin  does  not  skid  off  the  disc? 


SOLUTION 


For  no  slipping,  frictional  force  >  centripetal  force,  i.e. 
fj.  mg  >  moxr 


> 


co2r 


g 


(2 nv)~  r 
g 


30 


V  =  30  rev/min  =  —  =0.5  FIz, 
60 


-2 


Pm 


r  =  0.3  m  and  g  =  9.8  ms 
_  An2v2r  _  4  x  (3.14)2  x  (0.5)"  x  0.3  _ 


=  0.3 


g 


EXAMPLE  5.10 


I  A  small  sphere  of  mass  m  =  500  g  moving  on  the  in¬ 
ner  surface  of  a  large  hemispherical  bowl  of  radius  R 
=  5m  describes  a  horizontal  circle  at  a  distance  OC 
=  2.5  m  below  the  centre  O  of  the  bowl  as  shown  in 
Fig.  5.10.  Find  the  force  exerted  by  the  sphere  on  the 


O 


N  cost) 


Figure  5.11  shows  the  forces  acting  on  the  sphere,  N 
is  the  normal  reaction. 

Net  force  towards  centre  C  of  the  circle  =  N  sin  0 
=>  mrco2  =  N  sin0  (i) 

Also  mg  =  N  cos0  (ii) 


From  (ii), 
From  (i), 


mg  0.5x10 
cos0  cos  60° 
mar  R  sin0=  N  sin0 


10  N 


=> 


CO  = 


=  2  rad  s  1 


.-.  Time  period  T  = 


2k 

CO 


7T second  =  3.14  s 


5.11  : 

i 

_ L 


SOLVING  PROBLEMS  IN  MECHANICS  BY 
FREE  BODY  DIAGRAM  METHOD 


In  mechanics,  we  often  have  to  handle  problems  which 
involve  a  group  of  bodies  connected  to  one  another  by 
strings,  pulleys,  springs,  etc.  They  exert  forces  on  one 
another.  Furthermore,  there  are  frictional  forces  and  the 
force  of  gravity  acting  on  each  body  in  the  group.  To 
solve  such  complicated  problems,  it  is  always  convenient 
to  choose  one  body  in  the  group,  find  the  magnitude  and 
the  direction  of  the  forces  acting  on  this  body  by  all  the 
remaining  bodies  in  the  group.  Then  we  find  the  resultant 
of  all  the  forces  acting  on  the  body  to  obtain  the  net  force 
exerted  on  it.  We  then  use  the  laws  of  motion  to  determine 


Fig.  5.10 
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the  dynamics  of  the  body.  We  apply  this  procedure  to  all 
other  bodies  in  the  group  one  by  one.  It  is  useful  to  draw  a 
separate  diagram  for  each  body,  showing  the  directions  of 
the  different  forces  acting  on  it.  Such  a  diagram  is  called 
the  free  body  diagram  (F.B.D.)  of  the  body. 


(1)  Two  masses  tied  to  a  string  going  over  a  frictionless 
pulley  Consider  two  bodies  of  masses  mx  and  m2  (ml  > 
m2)  connected  by  a  string  which  passes  over  a  pulley,  as 
shown  in  Fig.  5.12(a).  When  the  bodies  are  released,  the 
heavier  one  moves  downwards  and  the  lighter  one  moves 


Fig.  5.12 

Net  force  in  the  direction  of  motion  is  mx  is  mxg  -  T. 
Therefore,  the  equation  of  motion  of  mx  is  [Fig.  5.12(b)] 
mxg—T=mxa  (i) 

Net  force  in  the  direction  of  motion  of  m2  is  ( T —  m2g). 
Therefore,  the  equation  of  motion  of  m2  is 


T  -  m^g  =  m2a 


(ii) 


From  (i)  and  (ii)  we  get 


and 


a  = 


T  = 


'  mx  —  m2  ^ 
v  mx  +  m2  , 

'  2mxm2  ^ 
V.  m\  +  m2  J 


g 

g 


(2)  Two  masses  in  contact  Figure  5.13(a)  shows  two 
blocks  of  masses  m ,  and  m2  placed  in  contact  on  a  horizontal 
frictionless  surface.  A  force  F  is  applied  to  mass  mx.  As  a 
result,  the  masses  move  with  a  common  acceleration  a.  To 
find  a  and  the  contact  force  on  m2,  we  draw  the  free  body 
diagrams  as  shown  in  Figs.  5.13(b)  and  (c). 


RB.D.  of  m- 1  FB.D.  of  m2 


(a)  (b)  (c) 


R  =  normal  reaction  force  between  the  blocks.  From 
Figs.  5.13(b)and  (c),  we  get 

F  —  R  =  mxa  (i) 

and  R  =  m2a  (ii) 

Adding  (i)  and  (ii)  we  get 

F  =  (mx  +  m2)a 

F 

=>  a  —  - 

(mx+m2) 


Contact  force  on  m2  is 


F2  =  m2  a  = 


™iF 

Oi  +  m2) 


(3)  Three  masses  in  contact  F igure  5 . 1 4(a)  shows  three 
blocks  of  masses  mx,  m2,  and  w3  placed  in  contact  on  a 
horizontal  frictionless  surface.  A  force  F  is  applied  to 
tn  | .  As  a  result,  the  three  masses  move  with  a  common 
acceleration  a.  To  find  a  and  the  contact  forces  on  m2  and 
m2,  we  draw  the  free  body  diagrams  as  shown  in  Figs. 
5.14(b)  (c)  and  (d). 


F 


a 

m  i  -< 


R' 


(b) 


(c) 


Fig.  5.14 


R 


a 

m3 


(d) 


R'  =  contact  force  on  m2  =  reaction  force  between 
mx  and  m2 

R  =  contact  force  on  m2  =  reaction  force  between 
m2  and  m2 

It  follows  from  Figs.  5.14(b),  (c)  and  (d)  that 

F  —  R'  =  mxa  (i) 

R'  —  R  =  m2a  (ii) 

and  R  =  m2a  (iii) 

Adding  (i),  (ii)  and  (iii)  we  get 

F 

a  =  - 

(mx  +m2+  m2  ) 


Contact  force  on  m2  is  F2  =  R'  which  from  (ii)  is  given 
by 


F2  =  R'  =  R  +  m2a 
Using  (iii)  we  have 


F2  =  m2a  +  m2a 


Fig.  5.13 
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F2  = 


=  (rn2  +  m3)a 
(m2  +  m3)F 


(mx  +  m2  +  ???3) 


Contact  force  on  m2  is 

F3  =  R  =  m3a  = 


m3F 


(mi  +  m2  +  mf) 


(4)  Two  masses  connected  with  a  string  Figure  5.15(a) 
shows  two  blocks  of  masses  mi  and  m2  connected  with 
a  string  and  lying  on  a  horizontal  frictionless  surface.  A 
force  F  is  applied  to  m2.  As  a  result,  the  masses  move  with 
a  common  acceleration  a.  To  find  a  and  force  exerted  on 
mx,  we  draw  the  free  body  diagrams  as  shown  in  Figs. 
5. 1 5(b)  and  (c).  T  is  the  tension  in  the  string. 


Fig.  5.15 


It  follows  from  Figs.  5.15(b)  and  (c)  that 
T=  mxa 

and  F  -  T  =  m2a 

Adding  (i)  and  (ii)  we  get 


F 

a  =  - 

mx  +  m~, 

Tension  in  the  string  is 


T  =  mxa 


mxF 
mx  +  m2 


(i) 

(ii) 


A  force  F  is  applied  to  mx.  As  a  result,  the  blocks  move 
with  a  common  acceleration  a.  To  find  a  and  the  forces 
acting  on  m2  and  m3,  we  draw  free  body  diagrams  as 
shown  in  Fig.  5.17(b)  and  (c)  and  (d).  T  is  the  tension  in 
the  string  between  ml  and  m2  and  T'  is  the  tension  in  the 
string  between  m2  and  m3. 


FB.D  of  m3  RB.Dofm2  FB.Dofm] 


(b)  (c)  (d) 


Fig.  5.17 

It  follows  from  Figs.  5.17(b),  (c)  and  (d)  that 
T'  =  m3a 

T  —  T'  =  m2a 
and  F—T=mla 

Adding  (i),  (ii)  and  (iii),  we  get 

F 

a  = 


(i) 

(ii) 

(iii) 


(w7j  +  m2  +  m3  ) 

The  tension  in  the  string  between  mx  and  m2  is  T,  which 
is  obtained  by  adding  (i)  and  (ii). 

T  ,  ,  x  (■ m2+m3)F 

T  =  (m2  +  m3)a  =  - - - 

+  m2  +  m3) 

The  tension  in  the  string  between  m2  and  m3  is  T\  which 
from  (i)  is  given  by 


T'=  m3a = 


m3F 


(777]  +  777  2  +  7773  ) 


Fig.  5.16 


If  force  F  is  applied  on  mass  777]  as  shown  in  Fig.  5.16, 
then 


F 

a  =  - 

777]  +  m~, 

Tension  in  the  string  is 


„  m^F 

T=  - ? - 

777]  +  777  2 


(5)  Three  masses  connected  by  strings  Figure  5.17  (a) 
shows  three  blocks  of  masses  777],  m2  and  m3  connected  by 
two  strings  and  placed  on  a  horizontal  frictionless  surface. 


(6)  Two  masses  connected  by  a  string  and  suspended 
from  a  support  Two  blocks  of  masses  mx  and  m2  are 
connected  by  two  strings  and  suspended  from  a  support 
as  shown  in  Fig.  5.18(a).  Mass  m2  is  pulled  down  by  a 
force  F.  The  tension  T  is  the  string  between  mx  m2  and 
tension  T'  in  the  string  between  777]  and  the  support  can 
be  found  from  the  free  body  diagrams  as  shown  in  Fig. 
5.18(b)  and  (c). 

T'  =  T  +  777  ]g  (i) 

T  =  F  +  m2g  (ii) 

Using  (ii)  and  (i),  we  get 

T'  =  F  +  (777]  +  m2)g 
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Fig.  5.18 


Also 


T  =  mxa 


™xm2  S 
(mx+m2) 


If  the  table  top  is  frictionless,  the  blocks  will  move  even 
if  m2  <  m  | . 

If  ,u  is  the  coefficient  of  friction  between  block  mx  and 
the  table,  the  force  of  friction  is 

/=  liR  =  hm\g 


Fig.  5.20 

From  F.B.D.  of  mx  (Fig.  5.20),  Eq.  (i)  becomes 
T—f=  mxa  =>  T  —  ftmxg  =  mxa 


(7)  Two  blocks  connected  by  a  string  passing  over  a 
frictionless  pulley  fixed  at  the  edge  of  a  horizontal 
table  Consider  a  block  of  mass  mx  lying  on  a  frictionless 
table  connected  through  a  pulley  to  another  block  of  mass 
m2  hanging  vertically  (Fig.  5.19).  When  the  system  is 
released,  let  acceleration  of  the  blocks  be  a. 


F.B.D.  ofm-i 


m- 1 


F.B.D.  of  m2 
\T 


->-7  m2 


(b) 

Fig.  5.19 


m2g 


From  free  body  diagrams,  the  equations  of  motion  of 
m  |  and  m2  are 

T  =  mxa  (i) 

and  m2g  -  T  =  m2a  (ii) 

Adding  (i)  and  (ii),  we  get 


(8)  Two  blocks  connected  by  a  string  passing  over  a 
frictionless  pulley  fixed  at  the  top  of  an  inclined 
plane  Let  T be  the  tension  in  the  string.  Since  the  pulley 
is  frictionless,  the  tension  is  the  same  throughout  the 
string  (Fig.  5.21).  There  are  the  following  two  cases: 

(a)  Mass  m  /  moving  up  along  the  incline  with  accelera¬ 
tion  a  [Fig.  5.21] 


F.B.D.  of  m2 
T 


I 

a 


m2g 
(b) 

The  equations  of  motion  of  mx  and  m2  [see  Fig. 
5.21(b)] 

T  -  mg  sin  6  =  mxa  (i) 

m2g  —  T  =  m2a  (ii) 


(a) 

F.B.D.  of  m- 1 


a  = 


"hg 

(mx+m2) 


which  give 


(m2  -  mx  sin  0)g 
(mx  +  m2) 
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and  T  =  m2  (g  -  a) 

If  p  is  the  coefficient  of  friction  between  mx  and  the 
inclined  plane,  the  frictional  force/=  pR  =  pmxg  cos  (twill 
act  down  the  plane  because  the  block  mx  is  moving  up  the 
plane.  In  this  case,  Eq.  (i)  is  replaced  by 

T  -  mxg  sin  9  -/=  m x a 

=>  T  -  m | g  sin  9  -  pmxg  cos  0=  m x a 

( b )  Mass  m :  moves  down  the  incline  with  acceleration  a 
In  this  case,  we  get  mxg  sin  9  —T=  mxa  and  T—  m2g 
=  m2a  which  give 

(mx  sin 9  —  m2)g 
(m\  +  m2 ) 

and  T  =  m2  (g  +  a) 

(9)  Two  blocks  connected  by  a  string  passing  over  a 
frictionless  pulley  fixed  at  the  top  of  a  double  inclined 
plane  Let  the  block  of  mass  mx  move  up  along  the 
inclined  plane  of  angle  of  inclination  9X,  and  the  block 
of  mass  m2  move  down  the  inclined  plane  of  angle  of 
inclination  92  (Fig.  5.22).  Let  T be  the  tension  in  the  string. 
Then,  for  mx  and  m2,  we  have 

T  —  mxg  sin  9X  =  mxa 

and  m2g  sin  92  -  T  =  m2a 

Eliminating  T,  we  get 

(m2  sin  92  -  mx  sin  9X )  g 
(mx+m2) 

Also  T  =  mx(a  +  g  sin  9()  =  m2  (g  sin  92  -  a) 


Fig.  5.22 

(10)  One  block  placed  on  top  of  the  another  A  block  of 
mass  mx  is  placed  on  another  block  of  mass  m2,  which  is 
lying  on  a  horizontal  frictionless  surface.  The  coefficient 
of  friction  between  the  blocks  is  p. 

Case  1:  The  maximum  force  that  can  be  applied  on  the 
lower  block  so  that  the  upper  block  does  not  slip  [Fig. 
5.23(a)] 

Fmax  =  maximum  value  of  force  F  so  that  block  mx  does 
not  slip  of  block  m2 


(a) 


FB.D.  of  m- 1 
R 


- 

r 

nx 

mxg 


(b) 


Fig.  5.23 

/=  frictional  force  on  mx  due  to  m2 
=  pR  =  pmxg 

Due  to  friction,  m2  will  try  to  drag  mx  to  the  right.  Hence 
frictional  force / acts  towards  left.  From  F.B.D.  of  mx, 

f=  mxa  =>  pmxg  pg  =  a  (i) 

Here,  a  is  the  acceleration  of  each  block. 

R'  =  normal  reaction  on  m2  by  the  horizontal  surface. 
From  F.B.D.  of  m2,  we  have 

R  +  m2g  =  R'  (ii) 

and  Fmax  -  f=  m2a 

=>  /7max  -  pR  =  rn2a  (iii) 

=>  Fmax  -  dm\8  =  m2a 

Using  (i)  in  (iii),  we  get 

^max  =  Oi  +  »h)  FS 

(a)  If  F  >  Fmax,  mx  will  begin  to  slide  on  m2  and 
then  their  accelerations  will  be  different. 

(b)  If  F  <  Fmax,  m ,  and  m2  move  together  without 
any  relative  motion  between  them. 

Case  2:  The  maximum  force  that  can  be  applied  on  the 
upper  block  so  that  it  does  not  slip  on  the  lower  block. 
[Fig.  5.24(a)] 

Fmax  =  maximum  value  of  force  F  so  that  block  mx  just 
begins  to  slide  on  block  m2 

Block  mx  tries  to  drag  block  m2  toward  right  due  to 
frictional  force /=  pR  =  pmxg.  The  frictional  force  exerted 
by  m  |  on  m2  will  be  towards  right. 
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(a) 


F.B.D.  of  m-i  RB.D.  of  m2 

R 
R 


f=  nR 


m- : 

rn-tg 

(b) 


f=  ,uR 


(c) 


Fig.  5.24 

R'  =  normal  reaction  on  m2  by  the  horizontal  surface.  If 
a  is  the  acceleration  of  blocks  towards  right,  from  F.B.D. 
of  ml  we  have 

Fmax  =  LtR  =  mxa  and  R  =  mlg 

or  Fmax  -  V"hg  =  m\a  (i) 

From  F.B.D.  of  m2, 

/=  m2a  =>  Fimi g  =  w?2a 


a  = 


Hmxg 


Using  (ii)  in  (i),  we  get 


(ii) 


=  +m2)mlg 

r  max 

m2 

(a)  If  F  <  Fmax,  the  blocks  move  together  without 
any  relative  motion. 

(b)  IfF  >  Fmax,  the  blocks  slide  relative  to  each  other 
and  then  their  accelerations  are  different. 


EXAMPLE  5.11 


A  block  of  mass  m  =  1  kg  is  pulled  by  a  force  F  =  1 0  N 
at  an  angle  6  =  60°  with  a  horizontal  surface  as  shown 
in  Fig.  5.25.  Find  the  acceleration  of  the  block  if 


(a)  the  surface  is  frictionless  and 

(b)  the  coefficient  of  kinetic  friction  between  the  sur¬ 
face  and  the  block  is  /u  =  0.2.  Take  g  =  10  ms  2. 


SOLUTION 


The  free  body  diagrams  of  the  block  in  the  two  cases 
are  shown  in  Fig.  5.26. 


Fsinf) 


(b) 

Fig.  5.26 


(a)  From  Fig.  5.26(a) 

Fcos  9  =  ma 

F  cos  6  10  x  cos  60°  _2 

=>  a  =  - = - =  5  ms 

m  1 

(b)  From  Fig.  5.26(b) 

Fcos  9~f  =  ma 
=>  Fcos  9  Idling  =  ma 

F  cos  9  -  umg 
=>  a  —  - - 


10cos60°  -  0.2  x  1  x  10 


1 


=  3  ms 
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From  Fig.  5.26(b)  we  also  have  F  sin  0  +  R  =  mg  or 
Fsin  9  =  mg  -  R.  Since  F  sin  0  <  mg,  the  block  does 
not  move  upwards. 


EXAMPLE  5.12 


■  Two  blocks  of  masses 
7M[  =  2  kg  and  m2  =  3  kg 
are  suspended  from  a  rigid 
support  by  means  of  strings 
AB  and  CD  as  shown  in 
Fig.  5.27.  String  AB  has 
negligible  mass  and  string 
CD  has  mass  0.5  kg/m. 
Each  string  has  length  50 
cm.  Find  the  tension  (a)  at 
mid-point  P  of  string  AB 
and  (b)  at  point  Q  of  string 
CD  where  CQ  =  20  cm. 
Take  g  =  10  ms  2. 


SOLUTION 


I  Mass  of  string  CD  is  m  =  0.5  x  0.5  =  0.25  kg 

Since  string  AB  is  massless,  the  tension  in  AB  is  the 
same  at  every  point. 

(a)  Total  mass  below  point  P  =  m1+  m  +  m2 
=  2  +  0.25  +  3  =  5.25  kg 
Tension  at  P  =  5.25  x  10  =  52.5  N 

(b)  Total  mass  below  point  Q  =  mass  of  length  QD 

+  m2 

=  0.5  x  0.8  +  3  =  3.4  kg 
Tension  at  Q  =  3.4  X  10  =  34  N 


EXAMPLE  5.13 


I  A  block  of  mass  m  =  100  g  is  placed  on  an  inclined 
plane  of  inclination  9  =  30°  as  shown  in  Fig.  5.28. 
There  is  no  friction  between  the  block  and  the  in¬ 
clined  plane.  What  minimum  acceleration  a  should  be 
given  to  the  system  to  the  left  so  that  the  block  does 
not  slide  down  the  plane? 


9- 


SOLUTION 


R  sine 


Fig.  5.29 

Figure  5.29  shows  the  forces  acting  on  the  block 
R  cos  9  =  mg 
R  sin  9  =  ma 

a  =  g  tan  9 


=  g  tan  30°  = 

v  3 


EXAMPLE  5.14 


A  pendulum  of  bob  of  mass  m  =  100  g  is  suspended 
from  the  ceiling  of  the  compartment  of  a  train.  If 
the  train  has  the 
acceleration  a 
as  shown  in  Fig. 

5.30,  the  string 
makes  an  angle 
9  =  60°  with  the 
vertical.  Find  the 
value  of  a. 


Fig.  5.30 


SOLUTION 


T  cos  e 


Fig.  5.31 


Figure  5.3 1  shows  the  free  body  diagram  of  the  bob. 
Force  on  the  bob  in  the  direction  of  motion  of  the 
train  =  T  sin  9.  Hence  the  equation  for  horizontal 
direction  is 
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T  sin  0=  ma 

For  equilibrium  along  the  vertical  direction 
T  cos  6=  mg 
Dividing  (i)  and  (ii),  we  get 

_  a 

tan  0=  — 


g 

=>  a  =  g  tan  0  =  9.8  x  tan  60° 

=  9.8  x  V3  =17ms“2 


(i) 

(ii) 


For  massm.] 


For  mass  m2 


T 

m2g 


For  pulley  P2 


7i  T \ 


T2 


EXAMPLE  5.15 


I  Two  blocks  of  masses  mx  =  1.5  kg  and  m2  =  2  kg  are 
attached  to  each  other  by  strings  and  pulleys  as  shown 
in  Fig.  5.32.  Assume  that  pulleys  are  massless  and  fric¬ 
tionless  and  strings  are  massless.  The  system  is  released. 
If  the  table  is  frictionless,  find  the  accelerations  of  mx 
and  m2  and  tensions  in  the  strings.  Take  g  =  10  ms  2. 


SOLUTION 


I  Let  a i  and  a2  be  the  acceleration  of  m ,  and  m2 
respectively.  Let  xl  and  x2  be  the  distances  moved 
by  m  |  and  m2  in  a  time  t.  Since  the  total  length  of 
the  string  remains  unchanged,  it  follows  that  if  mx 
moves  a  distance  xx  to  the  right,  m2  will  descend  by 
xx 

a  distance  x2=  —  or  xx  =  2x2-  Differentiating  twice 


w.r.t.  time  we  get 


d~x  i  = 
dt2 


d2  x2 
dt2 


ax  =  2  a2 


(i) 


Figure  5.33  shows  the  free  body  diagrams  of  mx  and 
m2.  Here  Tx  =  tension  in  string  attached  to  mx  and 
T2  =  tension  in  string  attached  to  m2. 

For  block  mx 

T  |  =  mxax  (i) 

For  block  m2 

m2g  -  r2  =  m2a2  (ii) 


Fig.  5.33 


Since  the  pulley  is  massless  and  frictionless 
T2  =  2Tx  (iii) 

Also  ax  =  2  a2.  (iv) 

Using  (iii)  and  (iv)  in  (ii),  we  have 
m2  ax 


m2g  -  2T |  = 


(v) 


Eliminating  Tx  from  (i)  and  (v),  we  get 

2  m0g  2x2x10 

ax  =  - - -  =  -  =  5  ms 

m2  +  4  mx  2  +  4  x  1.5 


a\  5  _2 

=  —  =  —  =  2.5  ms 
2  2  2 

From  eq.  (i), 

Tx  =  mxax  =  1.5  x  5  =  7.5  N 
T2=2Tx  =  2x  7.5  =  15  N 


EXAMPLE  5.16 


Two  blocks  of  masses  mx  =  100  g  and  m2  =  5  kg 
with  m  x  placed  on  m2  are  connected  to  a  frictionless 
and  massless  pulley  as  shown  in  Fig.  5.34.  The  string 
connecting  them  is  also  massless.  The  coefficient  of 
static  friction  between  mx  and  m2  is  /./  =  0.5.  There  is 
no  frictionless  between  m2  and  the  horizontal  surface. 
Find  the  maximum  horizontal  force  F  that  can  be  ap¬ 
plied  on  m  |  so  that  it  does  not  slide  on  m2. 


1 

m- 1 

y-  p 

5 _ 

i 

/  nnnn  n  n 

TTTTTm 

m2 

!  n  !  !  1 !  !  II !  11U  H  !  i 

//// 

Fig.  5.34 


SOLUTION 


Frictional  force  between  mx  and  m2  is  /  =  liR  ,  =  /umxg. 
i  If  T  is  the  tension  in  the  string,  the  free  body  diagrams 
of  7Mj  and  777 2  are  as  shown  in  Fig.  5.35. 
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It  follows  from  Fig.  5.35(a)  that 

Rx  =  mxg 

(i) 

and  F  —  f  -  T=  0 

(ii) 

From  Fig.  5.35(b),  we  have 

T-f=  0  =>  T  =  f 

(iii) 

and  R2  =  Rx  +  m2g 

(iv) 

Using  (in)  in  (ii) 

F-f-f=  0  ^F  =  2f=  2 iimxg 
Block  m j  will  not  slide  on  block  m2  if  F  is  less  than  a 
maximum  value  Fmax  given  by 

^max  =  2/I/#7i  g 

=  2  x  0.5  x  0.1  x  10  =  1  N 


mxg 

(a) 


?2 


m2 

m2 9  Rx 
(b) 


Fig.  5.35 


EXAMPLE  5.17 


I  A  boy  of  mass  m  =  50  kg  is  standing  on  a  weighing 
machine  placed  on  the  floor  of  an  elevator.  What  is 
the  weight  of  the  boy  when  the  elevator  is  (a)  at  rest, 

(b)  moving  up  with  an  acceleration  a  =  2.2  ms-1  and 

—2 

(c)  moving  down  with  an  acceleration  2.2  ms  . 


SOLUTION 


I  The  weighing  machine  reads  the  reaction  R  exerted 
by  it  on  the  boy.  Fig.  5.36  shows  the  free  body  dia¬ 
grams  in  the  three  cases. 

R  R-\  R2 


(a)  R  =  mg  =  50  x  9.8  =  490  N,  the  true  weight  of 
the  boy. 

(b)  R  j  —  mg  =  ma 

=>  Rx  =  m(g  +  a)  =  50  x  (9.8  +  2.2)  =  600  N 

(c)  mg  -  R2  =  ma 

=>  i?2  =  m(g-a )  =  50  x  (9.8  -  2.2)  =  380  N 


NOTE 


If  the  elevator  is  moving  up  or  down  with  a  uniform 
velocity  a  =  0  then  the  reading  of  the  machine  gives  the 
actual  weight. 


EXAMPLE  5.18 


A  uniform  cord  AB  of  mass  M  =  2  kg  and  length 
L  =  1 00  cm  is  pulled  at  ends  A  and  B  will  forces  F1  =  4  N 
andF2  =  3  N  as  shown  in  Fig.  5.37.  Find  the  tension 
at  point  P  at  a  distance  x  =  20  cm  from  end  A. 


Fig.  5.37 


SOLUTION 


Since  Fx  >  F2,  the  cord  will  accelerate  to  the  left.  Let 
a  be  the  acceleration.  To  find  tension  T  at  P  we  con¬ 
sider  the  sections  AP  and  PB  of  the  cord. 


Mass  of  part  AP  is  mx  = 


Mass  of  part  PB  is  m2  = 


Mx 

L 

M 

L 


(L-x) 


Figure  5.38  shows  the  free  body  diagrams  of  parts 
AP  and  PB. 


a 


Fi 


A 


P 


T 


-4- 


a 


e 


1=2 


0 

-  X 

a  m 

a|  O 

mg 

mg 

mg 

(a) 

(b) 

(c) 

Fig.  5.36 

Fig.  5.38 

For  part  AP:  F{  —  T  =  mxa  (i) 

For  part  PB:  T  -  F2=  m2a  (ii) 

Dividing  (i)  and  (ii)  we  get 

Mx 

Fj-T  =  mx  ~i  =  x 

T  -  Fi  m7  M  / ,  x  L-x 
2 
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which  gives  T  = 


Fx  (L-x)  +  F2x 


4(1  -  0.2)  +  3  X  0.2 


1 


=  3.8  N 


EXAMPLE  5.19 


/////////////////////////////// 


A  monkey  of  mass  m  =  30  kg  is  climbing  up  a  rope 
with  an  acceleration  a  =  5  ms~2 
relative  to  the  rope.  The  rope 
passes  over  a  frictionless  fixed 
pulley  and  has  a  block  of  mass  M 
=  1 5  kg  at  the  other  end  as  shown 
in  Fig.  5.39.  Find  (a)  accelera¬ 
tion  of  the  rope,  (b)  acceleration 
of  monkey  and  (c)  tension  in  the 
rope.  Take  g  =  10  ms  2. 


Fig.  5.39 


SOLUTION 


Let  A  be  the  acceleration  of  the  block  in  the  upward 
direction  and  T  be  the  tension  in  the  rope.  The  rope 
will  have  acceleration  A  in  the  downward  direction. 
Hence  the  monkey  will  have  a  net  acceleration  (A  -  a) 
in  the  downward  direction.  Figure  5.40  shows  the  free 
body  diagrams  of  the  monkey  and  the  block. 

F.B.D.  of  monkey  FB.D.  of  block 

T  T 


M 


mg 


(A -a) 


Fig.  5.40 


Mg 


a ) 


(i) 

(ii) 


For  monkey:  mg  -  T  =  m(A 
For  block:  T  -  Mg  =  MA 

Adding  (i)  and  (ii),  we  get 

mg  —  Mg  =  m  (A  —  a)  +  MA 
^  A=  m(g  +  a)-Mg 

M  +  m 

_  30(10  +  5)  — 15  xlO 
15  +  30 
=  6.7  ms~2 

Acceleration  of  monkey  =  A  —  a  =  6.7  -  5  =  1.7  ms 

Tension  in  the  rope  T  =  M(g  +  A)  =  15  x  (10  +  6.7) 
=  250  N 


-2 


EXAMPLE  5.20 


A  block  of  mass  m  =  2  kg  is 
held  stationary  against  a  wall 
by  applying  a  horizontal 
force  F  on  it  as  shown  in  Fig. 
5.41 .  If  the  coefficient  of  fric¬ 
tion  between  the  block  and 
the  wall  is  g  =  0.25,  find  the 
minimum  value  of  F  required 
to  hold  the  block  against  the 


wall.  Take  g  =  10  ms 


SOLUTION 


-2 


Fig.  5.41 


Let  R  be  the  normal  reaction  exerted  on  the  block 
by  the  wall  and /be  the  frictrorial  force.  Figure  5.42 
shows  the  forces  on  the  block. 

,  f 


T 

mg 

Fig.  5.42 

Since  the  block  is  held  stationary,  no  net  force  acts 
on  it.  Hence 

/=  mg 

and  F  =  R 

1712 

For  no  slipping,/ <  jjR  or  mg  <  /jF  or  F>  - 

mg  =  2X10 


H  0.25 


EXAMPLE  5.21 


A  block  of  mass  m  =  2  kg  is  held  in  contact  with  a 
block  of  mass  M=  10  kg  by  applying  a  horizontal 
force  F  on  it  as  shown  in  Fig.  5.43.  Block  Mis  lying 
on  a  horizontal  frictionless  surface.  The  coefficient  of 


M 
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friction  between  the  block  is  p  =  0.4.  Find  the  mini¬ 
mum  value  of  F  required  to  hold  m  against  M.  Take 
g  =  10  ms-2. 


SOLUTION 


Since  the  two  blocks  are  always  in  contact,  they  will 
have  the  same  acceleration,  say  a.  Figure  5.44  show 
the  free  body  diagram  of  the  blocks. 

R' 


mg 


-R  R 


Fig.  5.45 


SOLUTION 


Frictional  force  between  P  and  0  is  /'  =  1.1m g  which 
will  retard  P  and  accelerate  Q. 

f  /|/770 

Retardation  of  P  is  aP  = - = - =  -fig 

m  m 

f  Uwig 

Acceleration  of  Q  is  an  =  - —  = - 

Q  M  M 

Acceleration  of  Q  relative  to  P  is 

(lYYlg 

aQP  =  aO  ~  aP  =  (~PS) 


Fig.  5.44 


For  block  m  : 

F  —  R  =  ma 

(i) 

and 

ll 

3 

(X) 

(ii) 

For  block  M 

:  R  =  Ma 

(iii) 

and 

Mg  +/=  R 

(iv) 

Eliminating  a 

from  (i)  and  (iii),  we  get 

*=  MF 

M  +  m 

For  no  slipping,/ <  jiR 

or 

uMF 

mg  <  - 

M  +  m 

or 

p  ^  mg(M  +  m ) 
pM 

mg(M  +  m ) 
flM 

,  2xl0(10  +  2)  =60N 

0.4x10 


EXAMPLE  5.22 


I  A  block  P  of  mass  m  =  1  kg  is  placed  over  a  plank  Q 
of  mass  M  =  6  kg,  placed  over  a  smooth  horizontal 
surface  as  shown  in  Fig.  5.45.  Block  P  is  given  a 
velocity  v  =  2  ms1  to  the  right.  If  the  coefficient  of 
friction  between  P  and  Q  is  /u  =  0.3,  find  the  accelera¬ 
tion  of  Q  relative  to  P. 


=  Pg 


=  0.3x10 


=  3.5  ms  2 


EXAMPLE  5.23 


A  block  of  mass  m  =  500  g  is  placed  on  the  top  of 
an  inclined  of  inclination  0  =  30°  kept  on  the  floor 
of  a  lift  which  is  moving  up  with  an  acceleration 
a  =  2  ms  2.  Find  the  coefficient  of  friction  between  the 
block  and  the  incline  so  that  the  block  moves  down 
with  a  constant  velocity. 


SOLUTION 


geff  =  g  +  a 

The  block  will  move  down  the  plane  with  a  constant 
velocity  if  no  net  force  acts  on  it,  i.e. 

Force  down  the  plane  =  frictional  force 
mgctr  sin  6=  pmgQ[[  cos  6 
=>  /u  =  tan  0  =  tan  30°  -  0.58 


EXAMPLE  5.24 


A  cube  of  mass  m  =  1  kg  is  placed  on  a  wedge  of  mass 
M=  2  kg  as  shown  in  Fig.  5.46.  There  is  no  friction 
between  the  cube  and  the  wedge.  Find  the  minimum 
coefficient  of  friction  between  the  wedge  and  the  hor¬ 
izontal  surface  so  that  the  wedge  does  not  move. 
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SOLUTION 


■  Figure  5.47  shows  the  hori¬ 
zontal  force  Fx  and  the  ver¬ 
tical  force  Fv  exerted  by  the 
cube  on  the  wedge. 

Fx  =  {mg  cos  9)  sin  9  and 
F  =  {mg  cos  9)  cos  9 
Weight  of  the  wedge  =  Mg 
acting  vertically  down  wards. 

Hence  Net  horizontal  force  on  the  wedge  is 
F  =  mg  cos  9  sin0 

Net  vertical  force  on  the  wedge  is 

N=  Mg  +  mg  cos 2  9 


1  x  cos  45°  x  sin  45° 
2  +  1  x  cos2  45° 


EXAMPLE  5.25 


In  Example  24  above  there  is  no  friction  between  the 
cube  and  the  wedge  and  between  the  wedge  and  the 
horizontal  surface  below.  If  the  wedge  moves  towards 


1  -9 

the  right  with  an  acceleration  a  =  —=  ms  ,  find  the 

v2 

acceleration  of  the  cube  relative  to  the  wedge  when 
the  cube  is  released. 


SOLUTION 


Let  A  be  the  acceleration  of  the  cube  relative  to  the 
wedge  as  the  cube  moves  down  the  plane.  Its  accel¬ 
eration  when  the  wedge  moves  to  the  right  with  ac¬ 
celeration  a  is  (A  cos 9  -  a)  directed  towards  the  left. 
For  dynamic  equilibrium, 

m  {A  cos  9  -  a)  =  Ma 

.  ( M  +  m)a 

=>  A=  - - — 

m  cos  9 

_  (2  +  1)  x  1  /  V2 


F n 


F 

N 


m cos  9  sin  9 
M  +  m  cos2  9 


1 x  cos45° 
ms4 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  In  order  to  raise  a  mass  m  a  man  ties  it  to  a  rope 
and  passes  the  rope  over  a  frictionless  pulley.  He 
climbs  the  rope  with  an  acceleration  3g/2  relative 
to  the  rope.  If  the  mass  of  the  man  is  m/2  and  the 
mass  of  the  rope  is  negligible,  the  tension  in  the 
rope  is 


(a) 


3  mg 
2 


(b) 


5  mg 
3 


(c) 


7  mg 
6 


(d) 


9  mg 
7 


2.  In  the  arrangement  shown  in  Fig.  5.48,  the  ends  P 
and  Q  of  a  string  move  downwards  with  a  uniform 
speed  u.  Pulleys  B  and  C  are  frictionless  and  fixed. 
The  mass  M  will  move  upwards  with  a  speed 


u 


(C) 


2  u 
cos  9 


(d)  u  cos  9 


H  I  IT,  1982 


B  O  C 


(a)  2  u  cos  9 


(b) 


cos  9 


Fig.  5.48 
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3.  A  block  P  of  mass  m  is  placed  over  a  plank  of  mass 
M.  Plank  Q  is  placed  over  a  smooth  horizontal  sur¬ 
face  as  shown  in  Fig.  5.49.  Block  P  is  given  a  ve¬ 
locity  v  to  the  right.  If  /u  is  the  coefficient  of  friction 
between  P  and  Q,  the  acceleration  of  Q  relative  to 
P  is 

P  mg 


(a)  pg 


(c)  Pg  1  -  — 
M 


(b) 


M 


(d)  pg  1  +  — 
M 


zmzmmzmmmzmmmzmmmm!?' 


Fig.  5.49 

4.  A  block  is  placed  on  the  top  of  an  inclined  plane 
of  inclination  6  kept  on  the  floor  of  a  lift  which 
is  moving  down  with  an  acceleration  a.  The 
coefficient  of  friction  between  the  block  and  the 
incline  so  that  the  block  moves  down  with  a  constant 
velocity  is 

,  .  _  „  s  a 

(a)  /x  =  tan  6 


(b)  p  =  —  tan  9 

g 


(c)  n=  1  -  - 
g 


tan  9 


(d)  n=  1  +  - 

gj 


tan  9 


5.  A  cube  of  mass  m  is  placed  on  top  of  a  wedge  of 
mass  2  m  as  shown  in  Fig.  5.50.  There  is  no  friction 
between  the  cube  and  the  wedge.  The  minimum  co¬ 
efficient  of  friction  between  the  wedge  and  the  hori¬ 
zontal  surface  so  that  the  wedge  does  not  move  is 
(a)  0.1  (b)  0.2 


(c)  0.3 


(d)  7? 


Cube 


6.  In  Q.5  above,  all  surfaces  are  frictionless.  If  the 
wedge  moves  towards  right  with  acceleration  a,  the 
acceleration  of  the  cube  relative  to  the  wedge  when 
it  is  released  is 
(a)  (4l)a  (b) 


(c)  (3-72)  < 


(d)  (4  V2)  a 


7.  A  block  of  mass  m  is  held  against  a  wall  by  applying 
a  horizontal  force  F  on  the  block.  If  the  coefficient 
of  friction  between  the  block  and  the  wall  is  p, 
the  magnitude  of  the  frictional  force  acting  on  the 
block  is 

(a)  mg  (b)  u  mg 

(c)  pF  (d)  zero 

8.  A  particle  of  mass  m  =  1 0  2  kg  is  moving  along  the 
positive  x-axis  under  the  influence  of  a  force 

k 


F  = 


2x2 


where  k  =  1(T2  Nm2.  When  the  particle  is  at 
x  =  1.0  m,  its  velocity  v  =  0.  When  it  reaches 
x  =  0.5  m,  the  magnitude  of  its  velocity  is 
(a)  0.5  ms~’  (b)  1.0  ms-1 

(c)  1.5  ms~'  (d)  2.0  ms~' 

<  IIT,  1998 

9.  The  upper  half  of  an  inclined  plane  of  inclination 
9  is  perfectly  smooth  while  the  lower  half  is  rough. 
A  block  starting  from  rest  at  the  top  of  the  plane 
will  come  to  rest  at  the  bottom  if  the  coefficient  of 
friction  between  the  block  and  the  lower  half  of  the 
plane  is  given  by 

(a)  p  =  2  tan  9  (b)  fi  =  tan  9 

2  1 


(c)  n  = 


(d)  ji  = 


tan  9  tan  9 

10.  Two  skaters  A  and  B  of  mass  50  and  70  kg, 
respectively,  stand  facing  each  other,  6  metres  apart 
on  a  horizontal  smooth  surface.  They  pull  a  rope 
stretched  between  them.  How  far  has  each  moved 
when  they  meet? 

(a)  Both  have  moved  3  m. 

(b)  A  moves  4  m  and  B  moves  2  m. 

(c)  A  moves  2.5  m  and  B  moves  3.5  m. 

(d)  A  moves  3.5  m  and  B  moves  2.5  m. 

11.  A  person  is  sitting  facing  the  engine  in  a  moving 
train.  He  tosses  a  coin.  The  coin  falls  behind  him. 
This  shows  that  the  train  is 

(a)  moving  forward  with  a  finite  acceleration 

(b)  moving  forward  with  a  finite  retardation 

(c)  moving  backward  with  a  uniform  speed 

(d)  moving  forward  with  a  uniform  speed. 

12.  N  bullets  each  of  mass  m  kg  are  fired  with  a  ve¬ 
locity  v  ms-1,  at  the  rate  of  n  bullets  per  second, 
upon  a  wall.  The  reaction  offered  by  the  wall  to  the 
bullets  is  given  by 

Nmv 

(a)  nNmv  (b)  - 
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,  .  nNm  ,  1N  nNv 

(c)  -  (d)  - 

v  m 

13.  A  stretching  force  of  10  N  is  applied  at  one  end  of 
a  spring  balance  and  an  equal  stretching  force  is 
applied  at  the  other  end  at  the  same  time.  What  will 
be  reading  of  the  balance? 

(a)  zero  (b)  5  N 

(c)  10  N  (d)  20  N 

14.  A  block  A  is  released  from  the  top  of  smooth 
inclined  plane  and  slides  down  the  plane.  Another 
block  B  is  dropped  from  the  same  point  and  falls 
vertically  downwards.  Which  one  of  the  following 
statements  will  be  true  if  the  friction  offered  by  air 
is  negligible? 

(a)  Both  blocks  will  reach  the  ground  at  the  same 
time. 

(b)  Block  A  reaches  the  ground  earlier  than  block 
B. 

(c)  Both  blocks  will  reach  the  ground  with  the 
same  speed. 

(d)  Block  B  reaches  the  ground  with  a  higher 
speed  than  block  A. 

15.  A  block  is  released  from  the  top  of  an  inclined 
plane  of  height  h  and  angle  of  inclination  9.  The 
time  taken  by  the  block  to  reach  the  bottom  of  the 
plane  is  given  by 


16.  A  block  of  mass  M  is  resting  on  an  inclined  plane 
as  shown  in  Fig.  5.51.  The  inclination  of  the  plane 
to  the  horizontal  is  gradually  increased.  It  is  found 
that  when  the  angle  of  inclination  is  9  the  block 
just  begins  to  the  slide  down  the  plane.  What  is  the 
minimum  force  F  applied  parallel  to  the  plane  that 
would  just  make  the  block  move  up  the  plane? 

(a)  M  g  sin  9  (b)  Mg  cos  9 

(c)  2  Mg  cos  9  (d)  2  Mg  sin  9 


Fig.  5.51 

17.  A  stream  of  a  liquid  of  density  p  flowing  horizon¬ 
tally  with  a  speed  v  gushes  out  of  a  tube  of  radius 


r  and  hits  at  a  vertically  wall  nearly  normally.  As¬ 
suming  that  the  liquid  does  not  rebound  from  the 
wall,  the  force  exerted  on  the  wall  by  the  impact  of 
liquid  is  given  by 

(a)  nrpv  (b)  m~pv 2 

(c)  nr2pv  (d)  m~2pv2 

18.  A  ball  of  mass  m  is  moving  towards  a  batsman  at  a 
speed  v.  The  batsman  strikes  the  ball  and  deflects 
it  by  an  angle  9  without  changing  its  speed.  The 
impulse  imparted  to  the  ball  is  given  by 

(a)  mv  cos  (9)  (b)  mv  sin  (9) 

(c)  2  mv  cos  (d)  2  mv  sin 

19.  Figure  5.52  shows  the  position-time  (x-t)  graph 
of  one-dimensional  motion  of  a  body  of  mass  0.4 
kg.  What  is  the  time  interval  between  consecutive 
impulses  received  by  the  body? 


t(  s) 


Fig.  5.52 

(a)  2  s  (b)  4  s 

(c)  8  s  (d)  16  s 

20.  In  Q.19,  what  is  the  magnitude  of  each  impulse? 

(a)  0.2  Ns  (b)  0.4  Ns 

(c)  0.8  Ns  (d)  1.6  Ns 

21.  An  aeroplane  of  mass  M  requires  a  speed  v  for 
take-off.  The  length  of  the  runway  is  s  and  the 
coefficient  of  friction  between  the  tyres  and  the 
ground  is  p.  Assuming  that  the  plane  accelerates 
uniformly  during  the  take-off,  the  minimum  force 
required  by  the  engine  of  the  plane  for  take-off  is 
given  by 

f  v2  } 

(b)  M  —  -ng 

V2s  ) 

(2v2 

(d)  M - 2 pg 

V  s 

22.  A  block  of  mass  m  is  projected  up  an  inclined  plane 
of  inclination  9  with  an  initial  velocity  a.  If  the 
coefficient  of  kinetic  friction  between  the  block 
and  the  plane  is  p,  the  distance  up  to  which  the 
block  will  rise  up  the  plane,  before  coming  to  rest, 
is  given  by 


(a)  M  — +  pg 

.  2iS" 


[  2v 

(c)  M  - +  2pg 

5 


Laws  of  Motion  and  Friction  5.21 


(a) 


2 

U  /d 

2 g  sin  9 


(b) 


2 

U  jd 


2gcos  9 


(C) 


(d) 


4gsin0  '  '  4gcos0 

23.  A  man  of  mass  60  kg  is  standing  on  a  horizontal 
conveyer  belt  (Fig.  5.53).  When  the  belt  is  given  an 
acceleration  of  1  ms~2,  the  man  remains  stationary 


with  respect  to  the  moving  belt.  If  g  =  10  ms 
net  force  acting  on  the  man  is 


,  the 


1,  1,  U - 

(1  a  =  1  ms-2 

_ L - 1 — u  .  i .  i 

S(co> 

_L_L  " - 

'Ujfe 

- "  ii 

Fig.  5.53 

(a)  0.6  N  (b)  6  N 

(c)  60  N  (d)  600  N 

24.  In  Q.23,  if  the  coefficient  of  static  friction  between 
his  shoes  and  the  belt  is  0.2  to  what  value  can  the 
acceleration  of  the  belt  be  increased  so  that  the  man 
continues  to  remain  stationary  relative  to  the  belt? 

(a)  1  ms~2  (b)  2  ms~2 

(c)  3  ms~2  (d)  4  ms~2 

25.  A  block  of  mass  10  kg  is  placed  at  a  distance  of  5  m 
from  the  rear  end  of  a  long  trolley  as  shown  in  Fig. 
5.54.  The  coefficient  of  friction  between  the  block 

and  the  surface  below  is  0.2.  Starting  from  rest,  the 

—2 

trolley  is  given  a  uniform  acceleration  of  3  ms  .  At 
what  distance  from  the  starting  point  will  the  block 
fall  off  the  trolley?  Take  g  =  10  ms  2. 


(a)  15  m  (b)  20  m 

(c)  25  m  (d)  30  m 


Fig.  5.54 

26.  Two  blocks  of  masses  ml  =  5  kg  and  m2  =  6  kg  are 
connected  by  a  light  string  passing  over  a  light  fric¬ 
tionless  pulley  as  shown  in  Fig.  5.55.  The  mass  m1 
is  at  rest  on  the  inclined  plane  and  mass  m2  hangs 
vertically.  If  the  angle  of  incline  0=30°,  what  is  the 
magnitude  and  direction  of  the  force  of  friction 
on  the  5  kg  block?  Take  g  =  10  ms  2. 


(a)  35  N  up  the  plane 

(b)  35  N  down  the  plane 

(c)  85  N  up  the  plane 

(d)  85  N  down  the  plane 


27.  A  given  object  takes  n  times  as  much  time  to  slide 
down  a  45°  rough  incline  as  it  takes  to  slide  down 
a  perfectly  smooth  45°  incline.  The  coefficient  of 
kinetic  friction  between  the  object  and  the  incline 
is  given  by 

(a)  A4  =  1/(1  -  n2)  (b)  /dk  =  1  -  1  In2 

(c)  jdk  =  ^1/(1  -n2)  (d)  /dk  =7(i-i /n2) 

28.  A  body  is  sliding  down  a  rough  inclined  plane  of 

angle  of  inclination  9  for  which  the  coefficient  of 

friction  varies  with  distance  x  as  jd(x)  =  kx,  where 

k  is  a  constant.  Here  x  is  the  distance  moved  by 

the  body  down  the  plane.  The  net  force  on  the 

body  will  be  zero  at  a  distance  x0  given  by 

,  .  tan  9  , 

(a)  -  (b)  k  tan  9 

k 


(c) 


cot  9 
k 


(d)  k  cot  9 


29.  A  body  is  moving  down  a  long  inclined  plane  of 
angle  of  inclination  9.  The  coefficient  of  friction 
between  the  body  and  the  plane  varies  as  jd  =  0.5 
x,  where  x  is  the  distance  moved  down  the  plane. 
The  body  will  have  the  maximum  velocity  when  it 
has  travelled  a  distance  x  given  by 

2 

(a)  x  =  2  tan  9  (b)  x  =  - 

tan  9 


(c)  x  =  72  cot  9 


(d)  x  = 


72 

cot  9 


30.  An  object  is  kept  on  a  smooth  inclined  plane  of  1 
in  /.  The  horizontal  acceleration  to  be  imparted  to 
the  inclined  plane  so  that  the  object  is  stationary 
relative  to  the  incline  is  given  by 

(a)  gV^l  (b)  g  (/2  -  1) 


(c) 


g 

7/2  -i 


(d) 


g 

l2  -1 
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31. 


32. 


35. 


An  insect  is  crawling  up  a  hemispherical  bowl  of 
radius  R.  If  the  coefficient  of  friction  is  1/3,  the 
insect  will  be  able  to  go  up  to  height  h  equal  to 
(take  3/VlO  =0.95) 

R 
5 
R 
20 

A  ball  of  mass  m  is  connected  to  a  ball  of  mass 
M  by  means  of  a  massless  spring.  The  balls  are 
pressed  so  that  the  spring  is  compressed.  When 
released,  ball  of  mass  m  moves  with  acceleration  a. 
The  magnitude  acceleration  of  mass  Mwill  be 
ma  .  Ma 


(a)  T 


(c)  - 


(b)  — 
10 

(d)  — 
30 


(a) 


(M  + 1 


(b)  n, 
(M  + 1 

id)  ^ 

m 


33. 


/  N  ma 

0) 

M 

Two  blocks  of  masses  m  and  M  are  placed  on  a 
horizontal  frictionless  table  connected  by  a  spring 
as  shown  in  Fig.  5.56.  Mass  Mis  pulled  to  the  right 
with  a  force  F.  If  the  acceleration  of  mass  m  is  a, 
the  acceleration  of  mass  Mwill  be 


Fig.  5.56 


(a) 

(F  -  ma) 

(b) 

M 

F 

(c) 

M 

(d) 

34. 


(F  +  ma) 
M 


am 
M 

A  boy  wants  to  climb  down  a  rope.  The  rope  can 
withstand  a  maximum  tension  equal  to  two-thirds 
the  weight  of  the  boy.  If  g  is  the  acceleration  due  to 
gravity,  the  minimum  acceleration  with  which  the 
boy  should  climb  down  the  rope  should  be 

(a)  ^  (b)  ^ 

3  3 

(c)  g  (d)  zero 

A  block,  released  from  rest  from  the  top  of  a  smooth 
inclined  plane  of  angle  of  inclination  0h  reaches 
the  bottom  in  time  The  same  block,  released 
from  rest  from  the  top  of  another  smooth  inclined 
plane  of  angle  of  inclination  02,  reaches  the  bottom 
in  time  t2.  If  the  two  inclined  planes  have  the  same 
height,  the  relation  between  tx  and  t2  is 
U/2 


(a)  i- 


sindj 


sin0 


(b)  ^=si"2<)| 


2  J 


'1 


sin2  90 


(c) 

?i  sin  02 


(d)  —  =  1 

h 


36.  A  thick  uniform  rope  of  mass  6  kg  and  length  3  m  is 
hanging  vertically  from  a  rigid  support.  The  tension 
in  the  rope  at  a  point  1  m  from  the  support  will  be 
(Take  g  =  10  ms~2) 


(a)  20  N  (b)  30  N 

(c)  40  N  (d)  60  N 


37.  Two  blocks  of  masses  M  =  5  kg  and  m  =  3  kg 
are  placed  on  a  horizontal  surface  as  shown  in 
Fig.  5.57.  The  coefficient  of  friction  between  the 
blocks  is  0.5  and  that  between  the  block  M  and 
the  horizontal  surface  is  0.7.  What  is  the  maximum 
horizontal  force  F  that  can  be  applied  to  block  M 
so  that  the  two  blocks  move  without  slipping?  Take 
g  =  10  ms~2. 


M 


/////////////////////////////// 


Fig.  5.57 

(a)  4  N  (b)  16  N 

(c)  24  N  (d)  96  N 

38.  Two  blocks  of  masses  mx  =  4  kg  and  m2  =  6  kg 
are  connected  by  a  string  of  negligible  mass  pass¬ 
ing  over  a  frictionless  pulley  as  shown  in  Fig.  5.58 
The  coefficient  of  friction  between  block  mi  and 
the  horizontal  surface  is  0.4.  When  the  system  is 
released,  the  masses  m]  and  m2  start  accelerating. 
What  additional  mass  m  should  be  placed  over 
mass  /n,  so  that  the  masses  (m,  +  m)  slide  with  a 
uniform  speed? 


m 


(a)  9  kg  (b)  10  kg 

(c)  11  kg  (d)  12  kg 

39.  A  block  of  mass  5  kg  is  lying  on  a  rough  horizontal 
surface.  The  coefficients  of  static  and  kinetic  fric- 
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tion  between  the  block  and  the  surface  respectively 
are  0.7  and  0.5.  A  horizontal  force  just  sufficient  to 
move  the  block  is  applied  to  it.  If  the  force  continues 
to  act  even  after  the  block  has  started  moving,  the 
acceleration  of  block  will  be  (take  g  =  10  ms~2) 

(a)  1  ms~2  (b)  2  ms~2 

(c)  3  ms4  (d)  4  ms4 

40.  A  body  projected  along  an  inclined  plane  of  angle 
of  inclination  30°  stops  after  covering  a  distance*!. 
The  same  body  projected  with  the  same  speed  stops 
after  covering  a  distance  x2,  if  the  angle  of  inclina¬ 
tion  of  the  inclined  plane  is  increased  to  60°.  The 
ratio  x1/x2  is 

(a)  1  (b)  V2 

(c)  V3  (d)  2 

41.  A  smooth  inclined  plane  of  angle  of  inclination  30° 
is  placed  on  the  floor  of  a  compartment  of  a  train 
moving  with  a  constant  acceleration  a.  When  a  block 
is  placed  on  the  inclined  plane,  it  does  not  slide  down 
or  up  the  plane.  The  acceleration  a  must  be 

(a)  *  lb)  | 


(0  f2  (d) 

42.  A  block  of  mass  m  placed  on  a  rough  inclined  plane 
of  inclination  0  =  30°  can  be  just  prevented  from 
sliding  down  by  applying  a  force  Fx  up  the  plane 
and  it  can  be  made  to  just  side  up  the  plane  by  ap¬ 
plying  a  force  F2  up  the  plane.  If  the  coefficient  of 
friction  between  the  block  and  the  inclined  plane  is 
1/  2V3  ,  the  relation  between  Fx  and  F2  is 


V3 


(a)  F2  =  Fx  (b)  F2  =  2FX 

(c)  F2  =  3F j  (d)  F2  =  4FX 

43.  A  uniform  iron  chain  of  length  120  cm  is  placed 
on  a  rough  horizontal  table.  If  the  coefficient  of 
friction  between  the  chain  and  the  table  is  0.5,  how 
much  length  of  the  chain  can  hang  from  the  edge  of 
the  table? 

(a)  20  cm  (b)  40  cm 

(c)  60  cm  (d)  80  cm 

44.  A  person  standing  in  a  stationary  lift  drops  a  coin 
from  a  certain  height  /?.  It  takes  time  t  to  reach  the 
floor  of  the  lift.  If  the  lift  is  rising  up  with  a  uniform 
acceleration  a,  the  time  taken  by  the  coin,  dropped 
from  the  same  height  h,  to  reach  the  floor  will  be 

(a)  t  (b)  t  - 

\g 


(c)  t 


(d)  t 


45.  A  block  is  lying  on  a  horizontal  frictionless  sur¬ 
face.  One  end  of  a  uniform  rope  is  fixed  to  the 
block  which  is  pulled  in  the  horizontal  direction  by 


applying  a  force  F  at  the  other  end.  If  the  mass  of 
the  rope  is  half  the  mass  of  the  block,  the  tension  in 

the  middle  of  the 

rope  will  be 

2  F 

(a)  F 

(b)  — 

3 

3  F 

.  5  F 

(c)  T 

(d)  — 

0 

46.  When  a  force  F  acts  on  a  body  of  mass  m,  the 
acceleration  produced  in  the  body  is  a.  If  three 
equal  forces  FX=F2=  F2  =  F  act  on  the  same  body 
as  shown  in  Fig.  5.59  the  acceleration  produced  is 


Fig.  5.59 

(a)  (>/2-l)  a  (b)  (V2+l)  a 

(c)  V2  a  (d)  a 

47.  An  elastic  spring  has  a  length  lx  when  it  is  stretched 
with  a  force  of  2  N  and  a  length  l2  when  it  is  stretched 
with  a  force  of  3  N.  What  will  be 
the  length  of  the  spring  if  it  is 
stretched  with  force  of  5  N? 

(a)  lx  +  l2 

(b)  \  (/,  +  l2) 

(c)  3 12  -  2/, 

(d)  3  lx  -  2 12 

48.  A  block  of  mass  4  kg  is  sus¬ 
pended  through  two  light  spring 
balances  A  and  B  as  shown  in 
Fig.  5.60.  Then  balances  A  and 
B  will  respectively  read 

(a)  4  kg  and  zero  kg 
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(b)  zero  kg  and  4  kg 

(c)  4  kg  and  4  kg 

(d)  2  kg  and  2  kg 

49.  A  mass  M  =  100  kg  is  suspended  with  the  use  of 
strings  A,  B  and  C  as  shown  in  Fig.  5.61  IF  is  a 
vertical  wall  and  R  is  a  rigid  horizontal  rod.  The 
tension  in  string  B  is 


Fig.  5.61 


(a)  100  g  newton 
(c)  1 00  \fl  g  newton 


(b)  zero 


(d) 


100 

V2 


g  newton 


50.  A  bullet  is  fired  from  a  gun.  The  force  on  the  bullet 
is  given  by 

F=  600  -  2  x  105  f 


where  F  is  in  newton  and  t  in  seconds.  The  force 
on  the  bullet  becomes  zero  as  soon  as  it  leaves  the 
barrel.  What  is  the  average  impulse  imparted  to  the 
bullet? 


(a)  9  Ns  (b)  zero 

(c)  0.9  Ns  (d)  1.8  Ns 


51.  A  long  horizontal  rod  has  a  bead  which  can  slide 
along  its  length,  and  initially  placed  at  a  distance  L 
from  one  end  A  of  the  rod.  The  rod  is  set  in  angular 
motion  about  A  with  constant  angular  acceleration 
a.  If  the  coefficient  of  friction  between  the  rod  and 
the  bead  is  /j,,  and  gravity  is  neglected,  then  the  time 
after  which  the  bead  starts  slipping  is 


(a) 


(b) 


JL 

yfa 


(c) 


(d)  infinitesimal 

<  IIT,  2000 


52.  A  force  vector  F  =  6i  -  8  j  +10k  newton  applied 
to  a  body  accelerates  it  by  1  ms~2.  What  is  the  mass 
of  the  body? 


(a)  10V2  kg  (b)  2VT0  kg 

(c)  10  kg  (d)  20  kg 

53.  A  block  of  weight  200  N  is  pulled  along  a  rough 
horizontal  surface  at  a  constant  speed  by  a  force  of 
100  N  acting  at  an  angle  of  30°  above  the  horizon¬ 
tal.  The  coefficient  of  friction  between  the  block 
and  the  surface  is 

(a)  0.43  (b)  0.58 

(c)  0.75  (d)  0.85 

54.  Bullets  of  mass  0.03  kg  each  hit  a  plate  at  the 

rate  of  200  bullets  per  second  with  a  velocity  of 
50  ms1  and  reflect  back  with  a  velocity  of  30  ms-1. 
The  average  force  (in  newton)  acting  on  the  plate  is 
(a)  120  (b)  180 

(c)  300  (d)  480 

55.  A  body  of  mass  Mkg  is  on  the  top  point  of  a  smooth 
hemisphere  of  radius  5  m.  It  is  released  to  slide 
down  the  surface  of  the  hemisphere.  It  leaves  the 
surface  when  its  velocity  is  5  m/s.  At  this  instant  the 

angle  made  by  the  radius  vector  of  the  body  with  the 

—2 

vertical  is:  (Acceleration  due  to  gravity  =  10  ms  ) 
(a)  30°  (b)  45° 

(c)  60°  (d)  90° 

56.  A  stationary  body  of  mass  3  kg  explodes  into  three 
equal  pieces.  Two  of  the  pieces  fly  off  at  right  an- 

A 

gles  to  each  other,  one  with  a  velocity  2  i  m/s  and 

A 

the  other  with  a  velocity  3  j  m/s.  If  the  explosion 
takes  place  in  10  5  sec,  the  average  force  acting  on 
the  third  piece  in  newton  is: 

(a)  (2i  +  3 j)  x  10~5  (b)  -(2i+3j)  x  105 

(c)  (3j-2i)  x  105  (d)  (2i-3j)  x  10-5 

57.  A  machine  gun  fires  a  bullet  of  mass  40  g  with  a 
velocity  1200  ms-1.  The  man  holding  it  can  exert 
a  maximum  force  of  144  N  on  the  gun.  How  many 
bullets  can  he  fire  per  second  at  the  most? 

(a)  One  (b)  Four 

(c)  Two  (d)  Three 

58.  A  horizontal  force,  just  sufficient  to  move  a  body 

of  mass  4  kg  lying  on  a  rough  horizontal  surface,  is 
applied  on  it.  The  coefficients  of  static  and  kinetic 
friction  between  the  body  and  the  surface  are  0.8 
and  0.6  respectively.  If  the  force  continues  to  act 
even  after  the  body  has  started  moving,  the  accel¬ 
eration  of  the  body  (in  ms~2)  is  (take  g  =  10  ms~2) 
(a)  2  (b)  4 

(c)  6  (d)  8 

59.  A  block  is  placed  on  an  inclined  plane.  The  angle 
of  inclination  (0)  of  the  plane  is  such  that  the  block 
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slides  down  the  plane  at  a  constant  speed.  The  co¬ 
efficient  of  kinetic  friction  between  the  block  and 
the  inclined  plane  is  equal  to 

(a)  sin  6  (b)  cos  0 

(c)  tan  9  (d)  cot  9 

60.  A  cylinder  rolls  up  an  inclined  plane,  reaches 
some  height,  and  then  rolls  down  (without  slipping 
throughout  these  motions).  The  directions  of  the 
frictional  force  acting  on  the  cylinder  are: 

(a)  up  the  incline  while  ascending  and  down  the 
incline  while  descending 

(b)  up  the  incline  while  ascending  as  well  as 
descending 

(c)  down  the  incline  while  ascending  and  up  the 
incline  while  descending 

(d)  down  the  incline  while  ascending  as  well  as 
descending 

<  IIT,  2002 

61.  Two  particles  of  masses  ml  and  m2  in  projectile 
motion  have  velocities  t3j  and  t32  respectively 
at  time  t  =  0.  Their  velocities  become  v{  and  v2 
at  time  2 10  while  still  moving  in  air.  The  value  of 
I(w,  D;  +  m2  v2)  -  (mx  vx  +  m2  b2)|  is 

(a)  zero  (b)  (w,  +  m2)gt0 

(c)  2(ml  +  m2)gt0  (d)  -  (mx  +  m2)gt0 


|  IIT,  2001 

62.  What  is  the  maximum  value  of  the  force  F  such 
that  the  block  shown  in  the  arrangement  does  not 
move?  The  coefficient  of  friction  between  the  block 
and  the  horizontal  surface  is  0.5.  (Take  g  1 0  ms~2) 
(See  Fig.  5.62) 

(a)  20  N  (b)  10  N 

(c)  12  N  (d)  15  N 

<  IIT,  2003 


63.  An  insect  crawls  up  a 
hemispherical  surface  very 
slowly  (see  Fig.  5.63). 
The  coefficient  of  friction 
between  the  insect  and  the 
surface  is  1/3.  If  the  line 
joining  the  center  of  the 


Insect 


Fig.  5.63 


hemispherical  surface  to  the  insect  makes  an  angle 
a  with  the  vertical,  the  maximum  possible  value  of 
a  is  given  by 

(a)  cot  a  =  3  (b)  tan  a  =  3 

(c)  sec  a  =  3  (d)  cosec  a  =  3 

Hut,  2001 

64.  The  pulleys  and  strings  shown  in  Fig.  5.64  are 
smooth  and  of  negligible  mass.  For  the  system  to 
remain  in  equilibrium,  the  angle  6  should  be 

(a)  0°  (b)  30° 

(c)  45°  (d)  60° 

<  IIT.  2001 


65.  A  string  of  negligible  mass  going  over  a  clamped 
pulley  of  mass  m  supports  a  block  of  mass  M  as 
shown  Fig.  5.65.  The  force  on  the  pulley  by  the 
clamp  is  given  by 

(a)  V2  Mg 

(b)  V2  mg 

(c)  yj{M  +  m)2  +  m2  g 

(d)  yj  ( M  +  m)2  +  M 2  g 

<  IIT,  2001 


66.  A  boy  of  mass  m  stands  on  one  end  of  a  wooden 
plank  of  length  L  and  mass  M.  The  plank  is  floating 
on  water.  If  the  boy  walks  from  one  end  of  the  plank 
to  the  other  end  at  a  constant  speed,  the  resulting 
displacement  of  the  plank  is  given  by 
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mL 

(a)  ~77 

M 


(b)  — 
m 


,  x  mL  mL 

(c)  TFT - V  (d)  777 - 7 

67.  A  shell  of  mass  2m  fired  with  a  speed  u  at  an  angle 
9  to  the  horizontal  explodes  at  the  highest  point  of 
its  trajectory  into  two  fragments  of  mass  m  each.  If 
one  fragment  falls  vertically,  the  distance  at  which 
the  other  fragment  falls  from  the  gun  is  given  by 

,  .  «2sin  20  3m2  sin  20 

(a)  -  (b)  - - - 

8  2  g 

2m2  sin  29  , 3m2  sin  29 

(c)  -  (d)  - 

g  8 

68.  A  jet  of  water  with  a  cross-sectional  area  a  is  strik¬ 
ing  against  a  wall  at  an  angle  9  to  the  normal  and 
rebounds  elastically.  If  the  velocity  of  water  in  the 
jet  is  v,  the  normal  force  acting  on  the  wall  is, 

(a)  2  av2  p  cos  9  (b)  av2  p  cos  9 

(c)  2  av2  p  sin  9  (d)  av2  p  sin  9 

69.  A  block  released  from  rest  from  the  top  of  a  smooth 
inclined  plane  of  inclination  45°  takes  t  seconds  to 
reach  the  bottom.  The  same  block  released  from 
rest  from  top  of  a  rough  inclined  plane  of  the  same 
inclination  of  45°  takes  2 1  seconds  to  reach  the  bot¬ 
tom.  The  coefficient  of  friction  is 

(a)  Vo?  (b)  Vo/75 

(c)  0.5  (d)  0.75 

70.  A  block,  released  from  rest  from  the  top  of  a  smooth 
inclined  plane  of  inclination  9,  has  a  speed  v  when 
it  reaches  the  bottom.  The  same  block,  released 
from  the  top  of  a  rough  inclined  plane  of  the  same 
inclination  9,  has  a  speed  v/n  on  reaching  the  bot¬ 
tom,  where  n  is  a  number  greater  than  unity.  The 
coefficient  of  friction  is  given  by 


(a)  p  = 


(b)  p  = 


(c)  p  = 


(d)  p  = 


n 

>-4 

n 


n 


71.  A  object  is  gently  placed  on  a  long  conveyer  belt 
moving  with  a  speed  of  5  ms-1.  If  the  coefficient  of 
friction  between  the  block  and  the  belt  is  0.5,  the 
block  will  slide  on  the  belt  up  to  a  distance  (take  g 
=  10  ms~2) 


(a)  2.0  m  (b)  2.5  m 

(c)  3.0  m  (d)  3.5  m 

72.  A  boy  of  mass  m  is  sliding  down  a  vertical  pole 
by  pressing  it  with  a  horizontal  force  /  If  p  is  the 
coefficient  of  friction  between  his  palms  and  the 
pole,  the  acceleration  with  which  he  slides  down 
will  be 

^  fif 


m 


wig- m 

m 


73.  A  boy  of  mass  40  kg  is  climbing  a  vertical  pole  at  a 
constant  speed.  If  the  coefficient  of  friction  between 
his  palms  and  the  pole  is  0.8  and  g  =  10  ms4,  the 
horizontal  force  that  he  is  applying  on  the  pole  is 

(a)  300  N  (b)  400  N 

(c)  500  N  (d)  600  N 

74.  A  spring  is  compressed  between  two  blocks  of 
masses  mi  and  m2  placed  on  a  horizontal  frictionless 
surface  as  shown  in  Fig.  5.66.  When  the  blocks  are 
released,  they  have  initial  velocity  of  vx  and  v2  as 
shown.  The  blocks  travel  distances  x,  and  x2  respec¬ 
tively  before  coming  to  rest.  The  ratio  xl/x2  is 


(a) 

m{ 

(b) 

m2 

(c) 

Im i 

(d) 

V  m2 

/////, 

m2 

//////, 

////, 

Fig.  5.66 

75.  A  balloon  of  mass  Mis  rising  up  with  an  accelera¬ 
tion  a.  If  a  mass  m  is  removed  from  the  balloon,  its 
acceleration  becomes 

,  .  Ma  +  mg  „  .  Ma  +  mg 

(a)  -  (b)  - 

M  —  m  M  +  m 

.  .  ma  +  Mg  ,  ma  +  Mg 

(c)  -  (d)  - 

M—m  M + m 

76.  A  uniform  rope  is  hanging  vertically  from  the  ceil¬ 
ing  such  that  its  free  end  just  touches  the  horizontal 
floor  of  a  room.  The  upper  end  of  the  rope  is  then 
released.  At  any  instant  during  the  fall  of  the  rope, 
the  total  force  exerted  by  it  on  the  floor  is  n  times 
the  weight  of  that  part  of  the  rope  which  is  on  the 
floor  at  that  time.  What  is  the  value  of  n't 
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77.  A  block  of  mass  m  is  lying  a  horizontal  surface  of 
coefficient  of  friction  fi.  A  force  F  is  applied  to  the 
block  at  an  angle  6  with  the  horozontal.  The  block 
will  move  with  a  minimum  force  F  if 


(a)  n  =  tan  9  (b)  n  =  cot  9 

(c)  /r  =  sin  9  (d)  /i  =  cos  9 

78.  In  Q.  77  above,  the  minimum  F  is  given  by 


(a) 


Fjng 

H-\ 


(b) 


jimg 

/i  + 1 


(c) 


_]£mg_ 

Vi-r 


(d) 


J±mg_ 

Vi+r 


79.  The  coefficients  of  static  and  kinetic  friction 
between  a  body  and  the  surface  are  0.75  and 
0.5  respectively.  A  force  is  applied  to  the  body 
to  make  it  just  slide  with  a  constant  acceleration 
which  is 


(a) 


£ 

4 


(b) 


£ 

2 


(c) 


3£ 

4 


(d)  g 


80.  A  block  P  of  mass  m  is  placed  on  a  horizontal 
frictionless  surface.  Another  block  Q  of  the  same 
mass  is  kept  on  P  and  connected  to  a  rigid  wall  by 
means  of  a  spring  of  spring  constant  k  as  shown  in 
Fig.  5.67.  The  two  blocks  move  together,  without 
slipping,  performing  simple  harmonic  motion  of 
amplitude^.  If  /u  is  the  coefficient  of  static  fric-tion 
between  blocks  P  and  Q,  the  maximum  value  of  the 
force  of  friction  between  P  and  Q  is 


(a)  /Mng 
(c)  kA 


<b)  — 
2 

(d)  zero 


■  IIT,  2004 


Fig.  5.67 

81.  A  block  of  mass  m  is  held  stationary  against  a  wall 
by  applying  a  horizontal  force  F  on  the  block  Fig. 
5.68.  Which  of  the  following  statements  is  false? 
(a)  The  frictional  force  acting  on  the  block  is 
/=  mg 


(b)  The  normal  reaction  force  acting  on  the  block 
is  N  =  F 

(c)  No  net  torque  acts  on  the  block 

(d)  N  does  not  produce  any  torque. 

H  IIT,  2005 


Fig.  5.68 

82.  A  car  moves  at  a  speed  of  36  km  h  1  on  a  level  road. 
The  coefficient  of  friction  between  the  tyres  and 

the  road  is  0.8.  The  car  negotiates  a  curve  of  radius 

—2 

R.  If  g  =  10  ms  ,  the  car  will  skid  (or  slip)  while 
negotiating  the  curve  if  the  value  of  R  is 
(a)  20  m  (b)  12  m 

(c)  14  m  (d)  16  m 

83.  A  train  has  to  negotiate  a  curve  of  radius  200  m. 
By  how  much  should  the  outer  rails  be  raised  with 
respect  to  the  inner  rails  for  a  speed  of  36  km 
IT1?  The  distance  between  the  rails  is  1.5  m.  Take 
g  =  10  ms  2. 

(a)  7.5  cm  (b)  10  cm 

(c)  12.5  cm  (d)  15  cm 

84.  A  train  rounds  an  unbanked  circular  bend  of  radius 

_ 1  _9 

50  m  at  a  speed  of  54  km  h  .  If  g  =  10  ms  ,  the 
angle  of  banking  required  to  prevent  wearing  out 
of  rails  is  given  by 

(a)  9  =  taW1  (0.15)  (b)  9  =  taW1  (0.25) 

(c)  9  =  taW1  (0.35)  (d)  9  =  taW1  (0.45) 

85.  A  body  is  resting  on  top  of  a  hemispherical  mound 
of  ice  of  radius  R.  If  ice  is  frictionless,  what  mini¬ 
mum  horizontal  velocity  must  be  imparted  to  the 
body  so  that  it  leaves  the  mound  without  sliding 
over  it? 


(c)  JlgR 


(b) 

(d)  2^R 


86.  The  over-bridge  of  a  river  is  in  the  form  of  a  circu- 

_9 

lar  arc  of  radius  of  curvature  10  m.  If  g  =  10  ms  , 
what  is  the  highest  speed  at  which  a  motor  cyclist 
can  cross  the  bridge  without  leaving  the  ground? 

(a)  10  ms-1  (b)  10^2  ms-1 

(c)  10V3  ms~'  (d)  20  ms~' 
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87.  The  blocks  A  and  B  of  masses  2  m  and  m  are 
connected  as  shown  in  Fig.  5.69.  The  spring  has 
negligible  mass.  The  string  is  „„„„ 
suddenly  cut.  The  magnitudes 
of  accelerations  of  masses  2  m  S 
and  m  at  that  instant  are  CA 


(a)  g,  g 

<b>  *■  f 

A 

7 

2  m 

(O  §.* 

B 

m 

—  String 

<d)  f  ■  f 

Fig.  5.69 

88.  A  particle  moves  in  the  x—y  plane  under  the  influ¬ 
ence  of  a  force  such  that  its  linear  momentum  is 

A  A 

p  (t)  =  A[i  cos  (kt)  -  j  sin  (kt)] 

where  A  and  k  are  constants.  The  angle  between  the 
force  and  momentum  is 

(a)  0°  (b)  30° 

(c)  45°  (d)  90° 

<  IIT,  2007 

89.  Two  particles  of  mass  m  each  are  tied  at  the  ends 
of  a  light  string  of  length  2a.  The  whole  system  is 
kept  on  a  frictionless  horizontal  surface  with  the 
string  held  taut  so  that  each  mass  is  at  a  distance  ‘a’ 
from  the  center  P  as  shown  in  Fig.  5.70.  Now,  the 
mid-point  of  the  string  is  pulled  vertically  upwards 
with  a  small  but  constant  force  F.  As  a  result,  the 
particles  move  towards  each  other  on  the  surface. 
The  magnitude  of  acceleration,  when  the  separation 
between  them  becomes  2  x,  is 


<  IIT,  2007 


90.  A  block  of  base  10  cm  x  10  cm  and  height  15  cm  is 
kept  on  an  inclined  plane.  The  coefficient  of  fric¬ 
tion  between  them  is  V3  .  The  inclination  9  of  this 
inclined  plane  from  the  horizontal  plane  is  gradu¬ 
ally  increased  from  0°.  Then 

(a)  at  9  =  30°,  the  block  will  start  sliding  down 
the  plane 

(b)  the  block  will  remain  at  rest  on  the  plane  up 
to  certain  9  and  then  it  will  topple 

(c)  at  9  =  60°,  the  block  will  start  sliding  down 
the  plane  and  continue  to  do  so  at  higher 
angles 

(d)  at  9  =  60°,  the  block  will  start  sliding  down 
the  plane  and  on  further  increasing  9,  it  will 
topple  at  certain  9. 

<  IIT,  2009 

91.  A  piece  of  wire  is  bent  in  the  shape  of  a  parabola 
y  =  kx2  (y-axis  vertical)  with  a  bead  of  mass  m  on 
it.  The  bead  can  slide  on  the  wire  without  friction. 
It  stays  at  the  lowest  point  of  the  parabola  when  the 
wire  is  at  rest.  The  wire  is  now  accelerated  parallel 
to  the  x-axis  with  a  constant  acceleration  a.  The 
distance  of  the  new  equilibrium  position  of  the 
bead,  where  the  bead  can  stay  at  rest  with  respect 
to  the  wire,  from  the  y-axis  is 


a 

(b) 

a 

gk 

2  gk 

2a 

(d) 

a 

gk 

4  gk 

<  IIT,  2009 

92.  A  ball  of  mass  (m)  0.5  kg  is  attached  to  the  end 
of  string  having  length  (L)  0.5  m.  The  ball  is  ro¬ 
tated  on  a  horizontal  circular  path  about  vertical 
axis.  The  maximum  tension  that  the  string  can 
bear  is  324  N.  The  maximum  possible  value  of 
angular  velocity  of  ball  (in  radian/s)  is  [Fig.  5.71] 


Fig.  5.70 


(a)  9 
(c)  27 


(b)  18 
(d)  36 


Laws  of  Motion  and  Friction  5.29 


ANSWERS 


1. 

(c) 

2. 

(b) 

3. 

(d) 

4. 

(a) 

5. 

(b) 

6. 

(c) 

7. 

(a) 

8. 

(b) 

9. 

(a) 

10. 

(d) 

11. 

(a) 

12. 

(a) 

13. 

(c) 

14. 

(c) 

15. 

(c) 

16. 

(d) 

17. 

(d) 

18. 

(c) 

19. 

(a) 

20. 

(c) 

21. 

(a) 

22. 

(c) 

23. 

(c) 

24. 

(b) 

25. 

(a) 

26. 

(b) 

27. 

(b) 

28. 

(a) 

29. 

(a) 

30. 

(c) 

31. 

(c) 

32. 

(c) 

33. 

(a) 

34. 

(a) 

35. 

(c) 

36. 

(c) 

37. 

(d) 

38. 

(c) 

39. 

(b) 

40. 

(c) 

41. 

(d) 

42. 

(C) 

43. 

(b) 

44. 

(c) 

45. 

(d) 

46. 

(a) 

47. 

(c) 

48. 

(C) 

49. 

(a) 

50. 

(C) 

51. 

(a) 

52. 

(a) 

53. 

(b) 

54. 

(d) 

55. 

(c) 

56. 

(b) 

57. 

(d) 

58. 

(a) 

59. 

(c) 

60. 

(b) 

61. 

(c) 

62. 

(b) 

63. 

(a) 

64. 

(c) 

65. 

(d) 

66. 

(c) 

67. 

(b) 

68. 

(a) 

69. 

(d) 

70. 

(a) 

71. 

(b) 

72. 

(d) 

73. 

(c) 

74. 

(b) 

75. 

(a) 

76. 

(c) 

77. 

(a) 

78. 

(d) 

79. 

(a) 

80. 

(b) 

81. 

(d) 

82. 

(b) 

83. 

(a) 

84. 

(d) 

85. 

(b) 

86. 

(a) 

87. 

(c) 

88. 

(d) 

89. 

(b) 

90. 

(b) 

91. 

(b) 

92. 

(d) 

SOLUTIONS 


1.  Let  T  be  the  tension  in  the  rope  and  a  its  accel¬ 
eration.  Therefore,  the  acceleration  of  the  man  = 
3g 


-  a 

The  equations  of  motion  of  the  mass  and  the  man 
are 

T—mg=ma  (1) 

mg  _  m  f  3  g 


and 


T  - 


(2) 


Eliminating  a  from  Eqs.  (1)  and  (2),  we  get  T  = 
7  YYl  2 

- ,  which  is  choice  (c). 

6 

2.  Let  AB  =  AC  =  r,  OB  =  OC  =  x  and  OA  =  y.  In 
A  A  OB 

2  2,2 
r  =  x  +  y 

Differentiating  with  respect  to  t,  we  get 
0  dr  dy 

dt  '  dt 


dy 

dt 


r  dr 
y  dt 


dr  dy 

Now  —  =  u,  y  =  r  cos  9  and  —  =  speed  with 
dt  '  dt 

which  M  moves  up.  Hence  the  required  speed  = 
u 

- ,  which  is  choice  (b). 

cos  9 


3.  Frictional  force  between  P  and  0  is /=  fl  mg,  which 
will  retard  P  and  accelerate  Q. 

f  (l  1112 

Retardation  of  P  is  aP  =  —  =  -  =  pg 


J  U 1712 

Acceleration  of  Q  is  an  =  - —  =  - 

Q  M  M 

Acceleration  of  Q  relative  to  P  =  aP  +  Qq 


=  Pg 


4.  geff=  (g-  a).  The  block  will  move  down  the  plane 
with  a  constant  velocity  if  no  net  force  acts  on  it, 
i.e.  force  down  the  plane  =  frictional  force.  Hence 
m  (g  -  a)  sin  0=  u  m(g  -  a)  cos  0 
=>  tan  9=  jJ. 


5.  Net  horizontal  force  on  the  wedge  is 
F  =  mg  cos  9  sin  9 

2 

Normal  reaction  N  =  2  mg  +  mg  cos"  9 
Now  F  =  jiN  gives 


F  _  mg  cos  9  sin  9 
N  2  mg  +  mg  cos2  9 


cos  9  sin  9 
2  +  cos2  9 

For  9  =  45°,  p  =  0.2,  which  is  choice  (b). 

6.  Let  A  be  the  acceleration  of  the  cube  relative  to 
the  wedge  moving  down  the  plane.  Its  acceleration 
when  the  wedge  moves  to  the  right  with  accelera¬ 
tion  a  is  (A  cos  9-  a)  directed  towards  the  left.  If  the 
normal  reaction  between  the  cube  and  the  wedge  is 
N.  Then 

A  sin  9=  (2  m)  a  =  m  (A  cos  9  —  a) 

,  •  ,  .  .  3  mo 

which  gives  A  =  - 

m  cos  9 


777 


777 
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3  a 

cos  45° 


7.  For  vertical  equilibrium  of  the  block,  the  frictional 
force  is /=  mg  which  must  be  less  than  (/)max  =  fiN 
=  /iF.  So  the  correct  choice  is  (a). 

dv  dv  dx  dv 

8.  F  =  ma  =  m  —  =  m - =  mv  — 

dt  dx  dt  dx 


Given  F  = - — .  Hence 

lx1 

k  dv  k  _ 2 

- y  =  mv  —  =>  v  dv  = - x  dx 

2xz  dx  2  m 


Integrating,  we  have 


v 

~2 


K 

f  r- 

2m 

J  X 

k 

+  C 

2  mx 

dx 


(1) 


where  C  is  the  constant  of  integration. 

Given  v  =  0  when  x  =  1 .0  m.  Using  this  in  Eq.  (1), 
we  get  C  =  -  k!2m.  Equation  (1)  becomes 


2 


k  / 

=>  V  = 

k  / 

T_, 

11 

2  m  ^ 

vx  ) 

vx 

)  \ 

Substituting  k  =  10  2  Nm2,  m  =  10  2  kg  and  x  = 
0.5  m  and  simplifying  we  get  v  =  1.0  ms-1. 

9.  The  acceleration  of  the  block  while  it  is  sliding 
down  the  upper  half  of  the  inclined  plane  is  g  sin  9. 
If  /i  is  the  coefficient  of  kinetic  friction  between 
the  block  and  the  lower  half  of  the  plane,  the  re¬ 
tardation  of  the  block  while  it  is  sliding  down  the 
lower  half  =  -  (g  sin  9-  fig  cos  9).  For  the  block 
to  come  to  rest  at  the  bottom  of  the  inclined  plane, 
the  acceleration  in  the  first  half  must  be  equal  to  the 
retardation  in  the  second  half,  i.e. 

g  sin  9  =  -  (g  sin  9-  fig  cos  9) 
or  [i  cos  9=  2  sin  9 

H  =  2  tan  9 

Hence  the  correct  choice  is  (a). 

10.  Let  mA  and  mB  be  the  masses  of  skaters  A  and  B  and 
aA  and  aB  their  respective  accelerations,  when  they 
pull  at  each  other.  From  Newton’s  third  law,  action 
and  reaction  forces  are  equal  in  magnitude,  i.e. 


VA  VR 

mAaA  =  mBaB  or  mA  —  =  mB  — 

or  mA  vA  =  mBvB  or  mA  vA  =  m2B  v2B  (i) 

where  vA  and  vB  are  their  respective  speeds  and  t 
is  the  time  taken  for  them  to  meet.  Let  sA  and  sB  be 
the  distances  travelled  by  them  when  they  meet, 
we  have, 


2a A  sA  =  v2 A  and  2  aB  sB  =  v2  B 

Using  these  equations  in  Eq.  (i),  noting  that 

sA  mB  70  7  _. 

mA  aA  =  mB  aB,  we  get  —  = - =  —  =  —  .  Since 

sB  mA  50  5 

sa  +  sb  =  6  m;  sA  =  3.5  and  sB  =  2.5  m.  Hence,  the 
correct  choice  is  (d). 

11.  As  long  as  the  coin  is  in  the  hand  of  the  person,  it 
shares  the  acceleration  of  the  train;  it  has  the  inertia 
of  motion.  When  he  tosses  the  coin,  it  falls  behind 
him  opposite  to  the  direction  of  accelerated  motion 
but  now  it  no  longer  shares  the  acceleration  of  the 
train.  Hence  the  correct  choice  is  (a). 

12.  The  reaction  force  offered  by  the  wall  to  the  bul-lets 
=  the  force  exerted  by  bullets  on  the  wall  (third  law 
of  motion)  =  the  rate  of  change  of  momentum  of 
bullets  (second  law  of  motion).  Now,  total  mass  of 
n  bullets  =  Nm.  Momentum  of  n  bullets  =  Nmv.  If  n 
bullets  are  fired  per  second,  the  change  of  momen¬ 
tum  per  second  =  nNmv.  Hence,  the  correct  choice 
is  (a). 

13.  When  a  spring  is  hung  on  a  support  and  load  is 
attached  at  its  lower  end  the  weight  of  the  load 
exerts  a  force  on  the  support  and  the  support,  in 
turn,  exerts  an  equal  and  opposite  force  on  the  load, 
and  the  spring  remains  stretched.  Hence  the  correct 
choice  is  (c). 

14.  Consider  a  block  of  mass  m  lying  on  a  frictionless 
inclined  plane  of  length  AB  =  L,  height  AC  =  h  and 
angle  of  inclination  9.  (See  Fig.  5.72).  The  accel¬ 
eration  due  to  gravity  acting  vertically  downwards 
is  resolved  into  two  rectangular  components  g  cos  9 
and  g  sin  9.  The  component  mg  cos  9 balances  with 
the  normal  reaction  R.  When  the  block  is  released, 
it  moves  down  the  plane  under  a  force  mg  sin  0. 
Hence  the  acceleration  of  the  block  down  the  plane 
is 

a  =  g  sin  9 


If  the  block  starts  from  rest  from  point  A,  then  its 
velocity  when  it  reaches  the  bottom  B  is  given  by 
v2  —u2  =2  as 
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or  v2  —  0  =  2aL 

or  v  =  4laL  =  ^2g  sin  9L  =  yj2gh 

So  the  correct  choice  is  (c). 

h  =  L  sin  9.  The  time  taken  by  the  block  to  reach 
the  bottom  is  given  by  v  =  u  +  at  or  v  =  0  +  at. 
Thus 

v  \j2gh  1  (lh 
a  gsin0  sin  9\g 

15.  Refer  to  Fig.  5.72.  The  correct  choice  is  (c). 

16.  The  component  of  weight  Mg  of  the  block  along 
the  inclined  plane  =  Mg  sin  9.  The  minimum  fric¬ 
tional  force  to  be  overcome  is  also  Mg  sin  9.  To 
make  the  block  just  move  up  the  plane  the  mini¬ 
mum  force  applied  must  overcome  the  compo¬ 
nent  Mg  sin  9  of  gravitational  force  as  well  as  the 
frictional  force  Mg  sin  0=2  Mg  sin  9.  Hence  the 
correct  choice  is  (d). 

17.  Crosssectional  area  of  tube  (A)  =  nr2.  Since  the 
speed  of  the  liquid  is  v,  the  volume  of  liquid  flow¬ 
ing  out  per  second  =  Av  =  nr2v.  Mass  of  liquid 
flowing  out  per  second  =  nr  vp.  Therefore, 

Initial  momentum  of  liquid  per  second 

=  mass  of  liquid  flowing  per  second 
X  speed  of  liquid 

2  2 

=  nr~  pv 

This  is  the  rate  at  which  momentum  is  imparted  to 
wall  on  impact.  Since  the  liquid  does  not  rebound 
after  impact,  the  momentum  after  impact  is  zero. 
Hence,  the  rate  of  change  of  momentum  =  m~2pv2. 
From  Newton’s  second  law,  the  force  exerted  on 
the  wall  =  rate  of  change  of  momentum  =  nr2 pv2. 
Hence,  the  correct  choice  is  (d). 

18.  Refer  to  Example  5.5  on  page  5.3.  The  correct 
choice  is  (c). 

19.  The  slope  of  the  graph  between  t  =  0  and  t  =  2s  is 
constant  and  positive.  Therefore,  the  body  moves 
from  position  x=0tox  =  2m  during  the  time 
interval  from  t  =  0  to  2s.  Between  t  =  2s  and  t  =  4s, 
the  slope  of  the  graph  is  constant  but  negative. 
This  implies  that  at  t  =  2s,  the  velocity  of  the  body 
is  reversed  and  it  retraces  its  path  and  returns  to 
x  =  0  at  t  =  4s;  and  so  on.  Thus,  the  body  receives 
impulses  at  t  =  0,  2s,  4s,  ...,  etc.  Therefore,  the 
interval  between  two  consecutive  impulses  is  2s. 
Hence,  the  correct  choice  is  (a). 

20.  Between  t  =  0  and  t  =  2s,  the  speed  of  the  body 
is  v  =  slope  of  the  (x—t)  graph  between  t  =  0  and 
t  =  2s,  i.e. 


(2  -  0)m 

(2  -  0)  s 


1  ms  1 


At  t  =  2  s,  the  velocity  of  the  body  is  reversed  and 
it  moves  in  the  opposite  direction  with  a  speed  = 
-  1  ms1 .  Therefore, 

Impulse  =  change  in  momentum 
=  mv  —  (—  mv)  =  2  mv 
=  2  x  0.4  kg  x  1  ms-1 
=  0.8  kg  ms-1  =  0.8  Ns 
Hence,  the  correct  choice  is  (c). 

21.  The  required  force  is  (i)  to  accelerate  the  plane 
from  rest  to  a  speed  v  over  a  distance  s  and  (ii)  to 
overcome  the  force  of  friction  (=  pR  =  pMg).  The 
acceleration  a  required  to  impart  a  speed  v  in  a 
distance  s  is  given  by  v2  -  u 2  =  2 as.  Since,  u  =  0, 
we  have  v2  =  2  as  or  a  =  v2/2s.  The  force  needed 
to  produce  this  acceleration  is 

Ft  =  mass  x  acceleration 
Mv 2 
2s 


The  force  needed  to  overcome  the  force  of  friction  is 
F2  =  pMg 


V 


2s 


Hg 


Total  force  needed  =  Fl  +  F2  =  M  \ 

Hence,  the  correct  choice  is  (a). 

22.  Refer  to  Fig.  5.73.  Since  the  block  is  projected  up¬ 
wards,  it  rises  after  overcoming  two  forces:  (i)  the 
component  mg  sin  9  of  the  weight  mg  and  (ii)  the 
force  of  friction  F  =  mg  sin  9,  both  acting  down¬ 
wards.  Therefore,  the  total  downward  acceleration  is 


a  =  -  g  sin  9  -  g  sin  9 
=  -  2 g  sin  9 


Let  s  be  the  distance  moved  up  the  plane  before  the 
block  comes  to  rest.  Then,  from  v2  -  u2  =  2 as,  we  have 
0  —  if2  =  2  x  ( —  2g  sin  9)  x  s  or 


4gsin  9 

Hence,  the  correct  choice  is  (c). 
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23.  Since  the  man  remains  stationary  relative  to 
the  belt,  when  the  belt  is  given  an  acceleration 
a  =  1.0  ms~2,  the  acceleration  of  the  man  =  a  = 
1.0  ms-2.  The  downward  force  mg  exerted  by  him 
on  the  belt  is  balanced  by  an  equal  upward  reaction 
of  the  belt  on  him.  Therefore,  the  only  force  acting 
on  the  man  is  due  to  his  acceleration  a.  This  force 
is  given  by 

F  =  ma  =  60  x  1 .0  =  60  N 


Thus,  the  correct  choice  is  (c). 

„  .  , , ,  ,  ,  limiting  friction 

24.  We  know  that  jls  = 


f 


normal  reaction  mg 
Since  jis  =  0.2,  the  force  of  limiting  friction  be¬ 
tween  the  man’s  shoes  and  belt  is/=  us  x  mg  = 
0.2  x  60  x  10  =  120  N 

The  man  will  continue  to  remain  stationary  relative 
to  the  belt  and  will  just  start  slipping  on  the  belt  if 
the  acceleration  of  the  belt  (which  equals  his  ac¬ 
celeration)  is  increased  to  a  critical  value  ac  such 
that  the  force  mac  acting  on  him  happens  to  equal 
the  force  of  limiting  friction,/  i.e.  if, 

,  /  120  „  _2 

mar.  =  /  or  a,=  —  — -  =  2  ms  " 

m  60 

Hence,  the  correct  choice  is  (b). 


25.  Since  the  block  is  placed  on  the  trolley,  the  accel¬ 
eration  of  the  block  =  acceleration  of  the  trolley  = 
a  =  3  ms~2.  Therefore,  the  force  acting  on  the  block 
is  F  =  ma  =  10  x  3  =  30  N 


The  weight  mg  of  the  block  is  balanced  by  the  nor¬ 
mal  reaction  R.  As  the  trolley  accelerates  in  the  for¬ 
ward  direction,  it  exerts  a  reaction  force  F  =  30  N 
on  the  block  in  the  backward  direction,  as  shown 
in  the  figure.  The  force  of  friction  will  oppose  this 
force  and  will  act  in  a  direction  opposite  to  that  of 
F.  The  force  of  limiting  friction /is  given  by 

/  / 

H=  = 

R  mg 

or  /=  /umg  =  0.2  x  10  x  10 

=  20  N 


Thus,  the  block  is  acted  upon  by  two  forces — 
force  F  =  30  N  towards  the  right  and  frictional 
force /=  20  N  towards  the  left  (see  Fig.  5.54).  The 
net  force  on  the  block  towards  the  right,  i.e.  to¬ 
wards  the  rear  end  of  the  trolley  is  F'  =  F  -  /  = 
30  -  20  =  10N 

Due  to  this  force,  the  block  experiences  an  accel¬ 
eration  towards  the  rear  end  which  is  given  by 


'=  //.l0 

m  1 0 


1  ms  2 


Let  t  be  the  time  taken  for  the  block  to  fall  from 
the  rear  end  of  the  trolley.  Clearly,  the  block  has 
to  travel  a  distance  s  =  5  m  to  fall  off  the  trolley. 
Since  the  trolley  starts  from  rest,  initial  velocity  u 
=  0.  Now  t  can  be  obtained  from  the  relation 

1  2 

s  =  ut+  —  at 
2 

Putting  s  =  5m,H  =  0  and  a  =  a  =  1  ms2,  we  get 
t  =  s/Fo  s. 

The  distance  covered  by  the  trolley  in  time  t  = 
VfO  s  is  ( v  u  =  0) 

s'  =  ut  +  —  at2 
2 

=  0  +  —  x3xlO=15m 
2 

26.  Weight  of  mass  m2  =  6  x  10  =  60  N.  The  weight  of 
m2  provides  the  tension.  Thus  T  =  60  N 
Opposing  this  force  along  the  plane  is  the  compo¬ 
nent  Fx  =  mxg  sin  9  of  the  force  mxg.  Now  Fx  =  mxg 
sin  0  =  5  x  10  x  sin  30°  =  25  N.  Since  Fx  is  less 
than  T  and  is,  therefore,  insufficient  to  balance  T 
(see  Fig.  5.74),  the  force  of  friction  (F)  down  the 
plane  is  necessary  to  keep  block  mx  at  rest.  Thus,/ 
must  act  down  the  plane.  Since  mass  mx  is  at  rest, 
the  net  force  on  m ,  along  the  plane  must  be  zero. 


Thus  T—  mxg  sin  30°  —  /=  0 
or  /  =  T -  mxg  sin  30° 

=  60  -  5  x  10  x  sin  30° 

=  60  -  25  =  35  N 
Hence,  the  correct  choice  is  (b). 

27.  The  square  of  the  time  of  slide  is  inversely  propor¬ 
tional  to  the  acceleration.  The  accelerations  in  the 
two  cases  are 

2 

ax=  g  sin  45°  =  —==  and 
V2 

a2  =  (g  sin  45°  -  nkg  cos  45°) 
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T  =  «2=- 


1  -  Ah 


«r  Ma  =  1  -  —  • 


Hence,  the  correct  choice  is  (b). 

28.  Refer  to  Fig.  5.75.  The  net  downward  force  on  the 
body  at  a  distance  x  is 


f(x)  =  mg  sin  9  -  /Jmg  cos  9 
=  mg  (sin  9  -  jJ.  cos  9) 

=  mg  (sin  9  -  kx  cos  9) 
f{x)  =  0  at  a  value  of  x  =  x0  given  by 
sin  9-  kx0  cos  9=0 

,  •  tan# 

which  gives  x0  =  - 

k 

Thus,  the  correct  choice  is  (a). 

29.  The  acceleration  of  the  body  down  the  plane  is 
g  sin  9 - /ig  cos  9  =  g  (sin  9 - cos  9)  =  g  (sin  9- 
0.5x  cos  9).  Therefore,  the  body  will  first  accelerate 
up  to  x  <  2  tan  9.  The  velocity  will  be  maximum  at 
x  =  2  tan  9,  because  for  x  >  2  tan  9,  the  body  starts 
decelerating.  Hence,  the  correct  choice  is  (a). 

30.  Refer  to  Fig.  5.76.  Given  AB  =  1,  AC  =  /,  so  that 

BC=  V/2  -1  .Thus  tan  9  =  AB/BC=  1/V/2  -1  .A 
horizontal  acceleration  a  imparted  to  the  inclined 
plane  has  a  component  a  cos  9  down  the  plane.  If 
this  equals  the  component  g  sin  9  of  the  g  along  the 
plane,  the  object  will  appear  stationary  relative  to 
the  incline,  i.e.  if 

a  cos  9  =  g  sin  9 


or  a  =  g  tan  9  =  ,  = 

V/2  - 1 

Hence,  the  correct  choice  is  (c). 


31.  Refer  to  Fig.  5.77.  Let  A  be  the  position  of  the 
insect  when  it  has  reached  the  maximum  height 
h.  Now  OA  =  OC  =  R.  The  insect  will  crawl  up 
the  bowl  until  the  component  mg  sin  9  of  his 
weight  down  the  plane  equals  the  force  F  =  jjmg 
cos  9  of  limiting  friction  (the  insect  will  slip  down 
if  mg  sin  9  exceeds  )img  cos  9).  Thus  mg  sin  9 
=  /umg  cos  9  or  tan  9  =  jl=  1/3.  Now  in  triangle 

OAB,  tan  \  —  —  9\  =  ^- .  Let  OB  =  x,  then  AB 
U  )  AB 

=  J¥^7. 


o 


Thus  cot  9=  , 

or  3  =  .  ( v  tan  9=  - ) 

3R 

which  gives  x  =  -1r=  =  0.95  R.  Therefore,  h  = 

VlO 

R  -  x  =  R  -  0.95  R  =  0.05  R.  Hence,  the  correct 
choice  is  (c). 

32.  When  the  balls  are  released,  the  force  experienced 
by  mass  m  is  F  =  its  mass  X  its  acceleration  =  ma. 
This  is  the  force  exerted  by  mass  M  on  mass  m. 
From  Newton’s  third  law,  the  mass  m  will  exert 
an  equal  force  F  on  mass  M.  Thus,  force  on  m2  = 
F=  ma.  Therefore,  the  acceleration  of  Mis 

,  _  F  ma 
a  M~  M 
Hence  the  correct  choice  is  (c). 

33.  Force  acting  on  mass  m  is  /=  ma.  Mass  m  will 
pull  mass  Mto  the  left  with  a  force /=  ma. 

Hence,  the  net  acting  on  mass 

M  =  F  -  f  =  F  -  ma.  Therefore,  acceleration  of 

F  -ma  IT  ,  . 

mass  M  =  - .  Hence  the  correct  choice 

is  (a). 


Fig.  5.76 


M 
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34.  Let  a  be  the  minimum  acceleration  with  which  the 
boy  must  climb  down  the  rope.  Then  mg  —T=  ma 
or  T=  mg  -  ma  is  the  maximum  tension.  Now, 


T  = 


2 

3 


mg.  Therefore, 


2 

—  mg  =  mg  —  ma 

which  gives  a  =  g/3.  Hence  the  correct  choice  is 
(a). 

35.  Let  h  be  the  height  of  each  inclined  plane.  Then, 

h 

the  distances  along  the  plane  are  sq  =  -  and 

sin  6, 
n 

s-,  =  -  respectively.  The  accelerations  of  the 

sin  02 

block  are  ax  =  g  sin  9X  and  a2=  g  sin  02  respec¬ 
tively.  Now,  since  the  block  is  released  from  rest, 
the  velocity  of  the  block  when  it  reaches  the  bot¬ 
tom  of  the  planes  is  v\  =  2axsx  and  v\  =  2 a2  s2 

respectively.  But  vx  =  axtx  and  v2  =  a2t2  or  ax  tx 
2  2 

=  2a  x  sx  and  a2  t2  =  2 a2  s2.  These  equations  give 

h  _  a\  s2 
a2  S\ 

gsinSj  /?  sin#! 

gsin#2  sin  #2  h 
sin2  9X 
sin2  #2 

Hence,  the  correct  choice  is  (c). 

36.  Let  m  be  the  mass  of  the  rope  and  /  its  length.  The 
tension  T  at  a  distance  x  from  the  support  =  weight 

mg 

of  length  (/  -  x)  of  the  rope  =  — —  x(l-x)  or 


T=  ^x(3-l)  =  40N 


Hence  the  correct  choice  is  (c). 


37.  The  force  of  friction  between  block  m  and  block 
M=  fix  mg ,  where  p,  is  the  coefficient  of  friction 
between  the  two  blocks.  Now,  the  force  of  fric¬ 
tion  between  block  M  (with  block  m  on  top  of  it) 
and  the  horizontal  surface  =  u2  (M  +  m)g,  where 
p2  is  the  coefficient  of  friction  between  block  M 
and  the  surface.  The  maximum  force  F  applied  to 
block  M  must  be  enough  to  overcome  this  force 
of  friction  and  the  force  due  to  acceleration  of  the 
system.  If  the  acceleration  of  the  system  is  a  then 
this  force  =  (M+  m)a.  Thus 


F  =  ( M+  m)a  +  /A  (M+  m)g  (i) 

Now,  since  the  force  on  block  m  is  /J.xmg,  its  accel¬ 
eration  is 


force  on  mass  m 

a  =  - 

mass  m 


=  Mi  mS 

m 

Using  (ii)  in  (i)  we  get 


=  F\g 


F=  nx  (M  +  m)g  +  fj.2  (M  +  m)g 

=  (Mi  +  Fi)  ( M+m)g 
=  (0.5  +  0.7)  X  (5  +  3)  X  10 


(ii) 


=  96  N 

Hence  the  correct  choice  is  (d). 

38  .  When  the  masses  are  accelerating,  there  is  a  tension 
in  the  string.  When  a  mass  m  is  added  to  mx  such 
that  the  acceleration  is  zero,  the  system  of  masses 
(mx  +  m )  will  slide  on  the  surface  with  a  uniform 
speed  and  then  there  is  no  tension  in  the  string.  This 
will  happen  if  the  downward  force  m2g  equals  the 
force  of  friction  /x(mx  +  m)g  on  blocks  mx  and  m, 

i.e.  if  jl{mx  +  m)g  =  m2g  or  m  =  — -  mx  = - 4 

H  0.4 

=  11  kg.  Hence  the  correct  choice  is  (c). 

39.  Given  m  =  5  kg,  fis  =  0.7  and  jik  =  0.5.  The  force 
applied  to  the  block  sufficient  to  move  it  =  force  of 
static  friction,  i.e.  F=  jis  mg=  0.7  x  5  x  10  =  35  N. 
Force  responsible  for  producing  acceleration  of  the 
block  is 

/=  applied  force  -  force  of  dynamic  friction 
=  F  —  mk  mg  =  35  —  0.5  x5xl0  =  35  —  25 

=  10N 

Acceleration  a  —  2-—  =2  ms-2 
m  5 

Hence  the  correct  choice  is  (b). 

40.  Let  the  initial  speed  be  u.  Final  speed  v  =  0  in  both 
cases.  The  retardation  for  6X  =  30°  is  ax  =  g  sin  6X 

2  2 

and  for  02  =  60°  is  a2  =  g  sin  02.  Now,  using  v  -  a 
=  2 ax,  we  have  u2  =  2axxx  =  2a2x2 


Thus 


=  «2 
x2  ax 


gsin  #2  _  sin  60°  _  ^ 
gsin#j  sin  30° 

Hence  the  correct  choice  is  (c). 

41.  Refer  to  Fig.  5.78.  The  component  of  acceleration 
vector  a  along  the  plane  is  a  cos  0.  The  component 
of  accele  ration  due  to  gravity  g  along  the  plane  is 
g  sin  9.  The  block  will  stay  at  rest  if  a  cos  9  = 
g  sin  9  or  a  =  g  tan  9 

Now  9  =  30°.  Therefore,  a  =  g  tan  30°  =  -y= . 
Hence  the  correct  choice  is  (d).  ^ 
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42.  The  force  F1  required  to  prevent  the  block  from 
sliding  down  is 

Fj  =  mg  sin  9  jd  mg  cos  9  (i) 

The  force  F2  required  to  make  the  block  move  up 
the  plane  is 

F2  =  mg  sin  9  l  /i  mg  cos  0  (ii) 

From  Eqs.  (i)  and  (ii)  we  get 

F2  +  Fl  =  2  mg  sin  9 
and  F2  —  Fl  =  2  fumg  cos  6 

Dividing  the  two  equations,  we  get 

F2  +  F{  _  tan  9  _  tan  30°  _ 

F2-Fl  h  -  I/2V3 

or  F2  =  3  Fj.  ITence  the  correct  choice  is  (c). 

43.  Let  m  be  the  mass  per  unit  length  of  the  chain  and 
suppose  a  length  /  of  the  chain  hangs  from  the  edge 
of  the  table.  If  L  is  the  total  length  of  the  chain,  then 
a  length  ( L  -  l )  of  the  chain  remains  on  the  table. 
Now,  mass  of  length  /  =  ml  and  that  of  length  (L—  /) 
=  m  (L-l).  It  is  clear  that  the  downward  force  =  mlg 
of  the  hanging  part  of  the  chain  balances  with  the 
frictional  force  m(L  -  I)/ug  of  the  part  of  the  chain 
left  on  the  table.  Thus 


or 


mlg  =  m  ( L  -  /)  ug 

fl L  _  0.5x120 


(H  + 1)  (0.5  +  1) 

=  40  cm 

Hence  the  correct  choice  is  (b). 

1  9 

44.  We  have,  h  =  —  gt".  When  the  lift  is  rising  up  with 

an  acceleration  a,  the  effective  acceleration  is  g  = 

1  2 

g  +  a  and  t'  is  given  by  h  =  —  gt  .  Thus 
\  g't'2=\  gt2  or  (g  +  a)f2  =  gt2 


45. 


f  a  v/2 

or  t'  =  t  1 H —  which  is  choice  (c). 

1  g) 

Let  M  be  the  mass  of  the  block  and  m  that  of  the 
rope.  The  acceleration  of  the  block-rope  system  is 


F 


( M  +  m) 

Therefore,  the  tension  at  the  middle  point  of  the 
rope  will  be 


T  = 


\a 


( M  +  m) 


Given,  m  =  —  .  Therefore,  T  =  1 — .  Hence  the 
2  6 

correct  choice  is  (d). 


46.  The  acceleration  a  =  — .  The  resultant  of  Fl  and 

m 

F2  has  magnitude  F'  given  by  (see  Fig.  5.79). 

F'  =  (Fx2  +  F22)112  V2 /•  (•.•/•',  F2  ~  F) 

The  direction  F'  is  opposite  to  that  of  F3. 

.•.  Net  force  on  body  =  F'  —  F3 

=  F-F 

=  (V2  -  1)F 

.’.  Acceleration  =  (c/2  -1)  —  =  (V2  -  1  )a. 

m 


Hence  the  correct  choice  is  (a). 

47.  For  an  elastic  spring,  the  relation  between  force  F 
and  extension  v  is 

F  =kx 

where  k  is  the  force  constant  of  the  spring.  Let  /0  be 
the  original  length  of  the  spring,  then  F  =  k(l  -  /0) 
where  /  is  the  spring  length  when  stretched  by  a 
force  F.  We  are  given  that 

2  =  £(/,-/<>)  (0 

and  3  =  k(l2  -  l0 )  (ii) 

Dividing  (ii)  by  (i)  we  have 
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_  h _ h 

2  1\—Iq 

Which  gives  l0  =  3/,  -  2 12.  Using  this  value  of  /0  in 
either  (i)  or  (ii)  we  get  k  =  — - — . 

h  ~  \ 

When  a  stretching  force  of  5  N  is  applied,  let  /3  be 
the  length  of  the  spring.  Then 
5  =  &(/3  —  /0) 

Substituting  the  values  of  /0  and  k,  and  solving  we  get 
h  Hi- * i 
Hence  the  correct  choice  is  (c). 

48.  If  the  springs  A  and  B  are  massless  or  their  mass  is 
negligible  compared  to  the  mass  with  which  they 
are  loaded,  the  tension  is  the  same  everywhere  on 
the  spring.  Hence  each  spring  balance  will  read 
4  kg.  Thus  the  correct  choice  is  (c). 

49.  Let  T  be  the  tension  in  string  C  and  T'  in  string  B. 
The  y-component  T  cos  8  balance  with  the  weight 
Mg  and  the  x-component  T  sin  8  balances  with  ten¬ 
sion  T'.  Thus  (see  Fig.  5.80) 

r=  T  sin  e 
and  Mg=Tcos6 

Dividing  the  two  we  get 

T'=  Mg  tan  8 
=  100  g  tan  45° 

=  100  g  newton 
Hence  the  correct  choice  is  (a). 


Fig.  5.80 

50.  Now  F  =  600  -  2  X  105  t.  F  will  be  zero  at  time  t 
given  by 

600  -  2  x  1 05  1  =  0  or  t  =  3  x  1 0~3  s 

i 

Therefore,  impulse  =  J  F  dt 
o 

t 

=  J  (600  -  2  x  105  t)dt 

o 


(600 1-  10  V 


7  =  3xl(T3s 

lo 


=  600  x  3  x  10~3  -  105  x  (3  x  10~3)2 
=  1.8 -0.9  =  0.9  Ns 


Hence  the  correct  choice  is  (c). 


51.  The  radius  of  the  circular  motion  of  the  bead  is 
r  =  L.  The  linear  acceleration  of  the  bead  is  a  = 
ar  =  aL.  If  m  is  the  mass  of  the  bead,  then 
Force  acting  on  the  bead  =  ma  =  m  aL 

Reaction  force  acting  on  the  bead  is  R  =  m  aL 
The  bead  starts  slipping  when  frictional  force  be¬ 
tween  the  bead  and  the  rod  becomes  equal  to  cen¬ 
trifugal  force  acting  on  the  bead,  i.e. 


r 


or  jU  m  aL  =  mroT  =  mLor  (v  v  =  rco) 

or  jj,a=  or  =  (at)2  (v  to=  at) 

or  jia=  {at)2  or  t  = 


52.  The  magnitude  of  the  force  is 


F=J¥1?  =[(6i  -8  j  +  10k)  ■  (6  i  -8j  +10k)]1/2 
=  {(6)2  +  (8)2  +  (10)2]1/2  =  (200)1/2 
=  lOx/2  N 

^  F  10x/2N  r-  ,  TT 

.-.  Mass  =  —  =  - —  =  10  v2  kg.  Hence  the 

a  1  ms  2 

correct  choice  is  (b). 

53.  Refer  to  Fig.  5.81.  Since  the  block  moves  with  a 
constant  velocity,  no  net  force  acts  on  it.  Therefore, 
the  horizontal  component  F  cos  8  of  force  F  must 
balance  with  the  frictional  force,  i.e./.  =  F  cos  0. 

Fsin  d 


Fig.  5.81 

Also  f.  =  Ll  (mg  -  F  sin  8) 

=  (f  -  F  sin  8) 
jl  (f  -  F  sin  8)  =  F  cos  8 
or  fi  (200  -  100  sin  30°)  =  100  cos  30° 
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or  fi  ^200  - 100  x  |  j  =  100  x  0.866 

=  86.6 

or  p  =  =  0.58, 

150 

which  is  choice  (b). 

54.  Change  of  momentum  of  one  bullet  =  m  (v  -  u) 

=  0.03  x  {50  -(-30)} 

=  2.4  kg  ms-1 

Average  force  =  rate  of  change  of  momentum 

of  200  bullets 

=  200  x  2.4  =  480  N,  which  is  choice  (d). 

55.  Let  the  body  leave  the  surface  at  point  B  as  shown 
in  Fig.  5.82.  When  the  body  is  between  points  A  and 
B,  we  have 

Mv 2 

Mg  cos  9-N  =  - 


When  the  body  leaves  the  surface  at  point  B,  the 
normal  reaction  A  becomes  zero.  Thus 


Mg  cos  9  = 


or 


Mv1 
r 
v2 

cos  6=  —  = 

rg 


(SC 

5x10 


=  -  or  0=60° 

2 

Flence  the  correct  choice  is  (c). 

56.  Mass  of  each  piece  (m)  =  1  kg.  Initial  momentum 
=  0.  Final  momentum  =  pt  +  p2  +  p3.  From  the 
principle  of  conservation  of  momentum,  we  have 

Pl+P2  +  P3  =  0 
or  P3  =  -  (Pi  +  P2) 

=  —  (mv  i  +  mv2) 

=  -rn  (vx  +  V2) 

=  -1  kg  x  (2i  +3j)  ms”1 

=  (2i  +3j)  kg  ms”1 


Force 


F  = 


Pi 

t 


=  —  (2  i  +  3  j)  kgms  1 
10  5  s 

A  A 

=  -(2i  +  3  j)  x  105  newton 
Flence  the  correct  choice  is  (b). 

57.  Magnitude  of  recoil  momentum  of  the  gun  =  forward 
momentum  of  the  bullet  =  mbvb  =  (40  x  10”3  kg) 
x  1200  ms-1  =  48  kg  ms”1 

If  the  man  can  lire  a  maximum  of  n  bullets  per 
second,  the  maximum  force  exerted  by  him  on  the 
gun  is 

Fmax  =  n  X  force  exerted  per  bullet 

change  in  momentum 

=  n  x  - 5 - 

time 

n  x  48  kg  ms-1 

1  s 

=  48  n  newton 

Given  Fmax  =  144  N.  Thus  144  =  48  n  which  gives 
n  =  3.  Flence  the  correct  choice  is  (d). 

58.  Force 

F  =  (Ms  -  Mt)  mg 
=  (0.8  -  0.6)  x  4  x  10  =  8  N 

.  ,  .  F  8  N  „  _2  ,  .  ,  . 

Acceleration  =  —  = - =  2ms  ,  which  is 

choice  (a).  m  4k§ 

59.  No  net  force  acts  on  the  block  as  it  moves  at  a 
constant  velocity.  Therefore,  downward  force  = 
upward  force  or  mg  sin  0=  /i  mg  cos  0  or  p  =  tan  0, 
which  is  choice  (c). 

60.  When  a  cylinder  rolls  up  or  down  an  inclined 
plane,  its  angular  acceleration  is  always  directed 
down  the  plane.  FFence  the  frictional  force  acts  up 
the  inclined  plane  when  the  cylinder  rolls  up  or 
down  the  plane.  Thus,  the  correct  choice  is  (b). 

61.  Linear  momentum  of  the  system  at  time  t  =  0 
is  px  =(mxvx  +m2v2)  and  at  time  t  =  2t0  it  is 
p2  =  («?,  V\  +  m2  v2 ) .  Change  in  linear  momen¬ 
tum  in  time  2 10  =  p-,  -  px.  The  rate  of  change 
of  linear  momentum  is  p2  —  px  12 10.  From  New¬ 
ton’s  second  law  of  motion,  the  rate  of  change  of 
momentum  equals  the  force  acting  on  the  two 
particles,  which  is  (mx  g  +  m2g ).  Flence 

— — -  =  (mx  +  m2)  g 

zt0 

or  (ml  v[  +  m2v'2)  -  (ml  vx  +  m2v2) 

=  (mx  +  m2)  g  (21 
Hence  the  correct  choice  is  (c). 
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62.  The  horizontal  component  of  F  parallel  to  the  sur¬ 
face  is  F  sin  0.  Hence  maximum  value  of  F  is  given 


by 

F  sin  0  =  ping 

or 

F  sin  60°  =  0.5  x  VJ  X  10 

or 

V3  r 

F  —  =  0.5  x  v3  x  10 

2 

which  gives  F  =  ION.  Hence  the  correct  choice  is 
(b). 

63.  As  shown  in  Fig.  5.83,  the  insect  will  crawl  without 
slipping  if  the  value  of  a  is  not  greater  than  that 
given  by  the  condition:  force  of  friction/=  mg  sin  a. 
Now /=  pN,  where  N  is  the  nonnal  reaction.  Thus 
pN  =  mg  sin  a 

or  p  mg  cos  a  =  mg  sin  a  or 

cot  a=  —  =  3,  which  is  choice  (a). 

F 


O 


64.  Let  T  be  the  tension  in  the  string.  When  the  system 
is  in  equilibrium,  then  for  the  two  equal  masses  m, 
we  have 

_  T=  mg  (1) 

and  for  the  mass  m,  we  have 

2  T  cos  0=  'll  mg  (2) 

Dividing  (2)  by  (1),  we  get  cos  0  =  —==  or  0=45°, 
which  is  choice  (c).  ^ 

65.  The  force  F  on  the  pulley  by  the  clamp  is  given  by 
the  resultant  of  two  forces:  tension  T  =  Mg  acting 
horizontally  and  a  force  (m  +  M)g  acting  vertically 
downwards.  Thus 

F=  J(Mgf  +{(m  +  M)g}2 
=  \M2  +  (m  +  M)2\m  g 
which  is  choice  (d). 

66.  Before  the  boy  starts  walking  on  the  plank,  both 
the  boy  and  the  plank  are  at  rest.  Therefore,  the 
total  momentum  of  the  boy-plank  system  is  zero. 
If  the  boy  walks  with  a  speed  v  on  the  plank  and 
as  a  result  if  the  speed  of  the  plank  in  the  oppo¬ 
site  direction  is  V,  then  the  total  momentum  of  the 
system  is  mv  —  (M  +  m)  V.  From  the  principle  of 
conservation  of  momentum,  we  have 


mv 


( M+m)V=  0 
V 


or 


v  ( M  +  m ) 

Since  the  distance  moved  is  proportional  to  speed, 
the  displacement  L'  of  the  plank  is  given  by 
V  _  V  m 
L  ~ 


or 


v 


L'  = 


(M  +  m) 
mL 


( M  +  m) 

Hence  the  correct  choice  is  (c). 

67.  At  the  highest  point  of  trajectory,  the  projectile  has 
only  a  horizontal  velocity  which  is  u  cos  0.  After 
explosion,  the  fragment  falling  downwards  has  no 
horizontal  velocity.  If  u  is  the  horizontal  velocity 
of  the  other  fragment,  the  law  of  conservation  of 
momentum  gives 

(2m)  u  cos  0  =  m  x  0  +  mu 

which  gives  u  =  2 u  cos  6 

Now,  the  time  taken  to  reach  the  highest  point  (as 
well  as  the  time  taken  to  fall  down  from  this  point) 

u  sin  0  _  _  .  .  , 

.  Therefore,  the  horizontal  distance  trav- 


1S 


g 


elled  by  the  other  fragment  is 

.  u  sin  0  „  „  u  sin  0 

u  cos  0  x  -  +2  u  cos  0  x  - 


g 

u2  sin  20  u 2 
-  +  — 


g 

sin  20  3m2  sin  20 


2  g  S  2  g 

Hence  the  correct  choice  is  (b). 

68.  The  mass  of  water  stream  striking  against  the  wall 
in  1  second  =  avp.  Hence,  the  change  in  its  momen¬ 
tum  per  second  is  (a vp)v  -  (-  avp)v  =  2 apv1.  The 
normal  component  of  the  rate  of  change  of  momen- 
turn  and,  therefore,  force  is  2 apv  cos  0.  Hence  the 
correct  choice  is  (a). 

69.  The  acceleration  of  the  block  sliding  down  the 
smooth  inclined  plane  is  ax  =  g  sin  0  and  down 
the  rough  inclined  plane  is  a2  =  g  sin  0  -  pg  cos  0. 
Given  tx  =  t  and  t2  =  2 1.  If  the  length  of  the  inclined 
plane  is  5,  we  have 

1  2  _  1  2 

5  2 2  aitl 


or 


or 


or 


2  _  ,2 

Uj/j  d  ' 


■‘l1  2 


g  sin  0  x  r  =  (g  sin  0-  pg  cos  0)  x  (2 1) 
sin  0  =  4  (sin  0-  p  cos  0) 


3  3 
which  gives  u  =  —  tan  0  =  — 

4  4 

Hence  the  correct  choice  is  (d). 


(y  0  =  45°) 
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70.  We  use  the  relation  v~  -  u  =  2 as.  Since  u  =  0,  we 
have  v2  =  las. 

Now  v\  =  2axs  or  v2  =  2g  sin  0  X  s  {•:  vx=v) 
2  f2 

and  v2  =  l  a2s  or  —  =  2 (g  sin  0-  fig  cos  0)  X  s 
n 

2 

Dividing,  we  get  or  n  (sin  9-  fl  cos  0)  =  sin  0 
which  gives  fl  =  ^1  — j  tan  6,  which  is  choice  (a). 

71.  The  force  of  friction  between  the  block  and  the  belt 
is /=  fling,  where  m  is  the  mass  of  the  object.  This 
force  produces  an  acceleration  of  the  block  which 
is  given  by 

force  fimg 


a  = 


Fg 


mass  m 

The  block  will  slide  on  the  belt  without  slipping 
until  its  speed  (v)  becomes  equal  to  the  speed  of  the 
belt.  Since  u  =  0,  we  have 


v  =  2  as 


or  5  = 


(5)2 


=  2.5  m 


2  a  2  fig  2x0.5x10 

Hence  the  correct  choice  is  (b). 

72.  Normal  reaction  R  =  f.  Therefore,  force  of  fric¬ 
tion  =  fiR  =  fif.  The  net  downward  force  F  =  mg 

F  771  2  —  Li  f 

-  flf.  Hence,  the  acceleration  a  =  —  = - —  = 

m  m 

g - —  .  Hence  the  correct  choice  is  (d). 

m 

73.  As  the  boy  is  climbing  the  pole  at  a  constant  speed 
(no  acceleration),  the  force  of  friction  must  be  just 

1712 

balanced  by  his  weight,  i.e.  fiR  =  mg  or  R  =  -  = 


40x10 

0.8 


F 

=  500  N.  Hence  the  correct  choice  is  (c). 


74.  From  the  principle  of  conservation  of  momentum, 
we  have 


mxv j  =  m2v 2  or 


u2  m\ 

When  the  spring  is  released,  it  exerts  an  equal  and 
opposite  force  F  on  each  block.  Let  ax  and  a2  be 
the  accelerations  of  blocks  mx  and  m2  respectively. 
Then 


(i) 


a2  m, 

F=  mxa]  =  in 2CI2  or  —  =  — 


ni1 


(ii) 


Also  v\  =  2alxl  and  v\  =  la2x2,  which  give 


v\  ax 


f  \ 2 
\m\j 


(  mx  ^ 
\m2  J 


nh 


[Use  Eqs.  (i)  and  (ii)] 

Hence  the  correct  choice  is  (b). 


75.  The  forces  acting  on  the  balloon  are  its  weight  act¬ 
ing  downwards  and  upthrust  F  acting  upwards. 
Thus 

F  -  Mg  =  Ma  (i) 

When  mass  m  is  removed,  we  have 

F  —  ( M  —  m)  g  =  ( M  —  m)a'  (ii) 

where  a'  is  the  new  acceleration.  Eliminating  F 
from  (i)  and  (ii)  and  simplifying  we  get 

,  Ma  +  mg 

a  =  - 

M  —  m 

which  is  choice  (a). 

76.  Let  777  be  the  mass  per  unit  length  of  the  rope.  Let 
x  be  the  part  of  the  rope  on  the  floor  at  time  t.  The 
weight  of  this  part  is 

A  i  =  mgx 

Now,  if  a  small  part  dx  falls  on  the  floor  in  time  dt, 
the  force  exerted  by  it  is 

F2  =  rate  of  change  of  momentum 

(mdx)v  7 

=  - - —  =  mv 

dt 

dx 

Now  —  =  v,  where  v  is  the  velocity  of  that  part 
dt 

2 

of  the  rope  at  that  instant.  But  v  =  2 gx.  Hence 
F2  =  mv 2  =  777  x  (2 gx)  =  2mgx.  Total  force  F  =  F]  + 
F2  =  mgx  +  2m  gx  =  3mgx  =  3FX 

Hence  the  correct  choice  is  (c). 

77.  Refer  to  Fig.  5.84.  Vertical  component  of  F  is 
F  sin  0  and  the  horizontal  component  is  F  cos  9. 


Thus 

R  l-  F  sin  9=  mg 

or  R  =  mg  -  F  sin  9 

Frictional  force  fiR  =  fl  (mg  -  F  sin  0).  Also 
fi  (mg  -  F  sin  0)  =  F  cos  0 


or 


F  = 


flmg 


(i) 


(fl  sin  0  +  cos  0) 

F  will  be  minimum  if  the  denominator  is  maxi 
mum,  i.e.  if 
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d 

—  (u  sin  0  +  cos  0)  =  0 
dd 

or  /u  cos  0-  sin  0=0 

or  /u  =  tan  0,  which  is  choice  (a). 

78.  Now  tan  9  =  /j..  Therefore,  cos  0  = 


81. 


sin  0  = 


P 


A 


and 


+  P 


A 


+  P 


Using  these  in  Eq.  (i)  above  and  simplifying,  we 
get 

Pmg 


F  = 


F 


/< 


Hence  the  correct  choice  is  (d). 

79.  Force  required  to  accelerate  the  body  of  mass  m  is 
F  =  (jls  -  uk)  mg  =  (0.75  -  0.5)  mg  =  0.25  mg 

F  0.25 

:.  Acceleration  =  —  =  — — - =  0.25  g,  which  is 

m  m 

choice  (a). 

80.  Let  a  be  the  acceleration  at  a  time  t  of  the  blocks 
executing  SHM.  The  force  on  the  blocks  due  to 
acceleration  is 

F  =  (m  +  m)  a  =  2  ma 

^max  =  2  m  "max  0) 

Now,  the  acceleration  is  maximum  when  the 
blocks  are  at  the  extreme  position  of  maximum 
displacement,  i.e. 

^max  =  kA  (2) 

Equating  (1)  and  (2),  we  get 


O'mav  = 


kA 

2m 


=  m  x 


Maximum  force  of  friction  =  mamax 
kA  kA 
2m  2 

Hence  the  correct  choice  is  (b). 

Since  the  block  is  held  stationary,  it  is  in  trans¬ 
lational  as  well  as  rotational  equilibrium.  Hence 
no  net  force  and  no  net  torque  acts  on  the  block. 
No  net  force  will  act  on  the  block  if/  =  mg  and 
N  =  F.  No  net  torque  will  act  on  the  block,  if  torque 
by  frictional  force / about  centre  O  =  counter  torque 
by  normal  reaction  N  about  centre  O.  Hence  choice 
(d)  is  false. 

82.  Speed  of  car  (v)  =  36  km  IT1  =  10  ms1.  The  maxi¬ 
mum  centripetal  force  that  friction  can  provide  is 

ml'1 

/max  =  P  mS  = 


mv 


R 


or 


Pg 


10x10 

0.8x10 


12.5  m 


This  is  the  minimum  radius  the  curve  must  have  for 
the  car  to  negotiate  it  without  sliding  at  a  speed  of 
10  ms-1.  Hence  the  correct  choices  is  (b). 

83.  Speed  of  train  (u)  =  36  km  IT1  =  10  ms-1 
Radius  of  the  curve  ( R )  =  200  m 
Distance  between  rails  (x)  =  1 .5  m 
Let  the  outer  rails  be  raised  by  a  height  h  with 
respect  to  the  inner  rails  so  that  the  angle  of  bank¬ 
ing  is  0(Fig.  5.85). 

h  v2 

Then  tan  0=  —  =  — 

x  Rg 

,  xv2  1.5x(10)2 

or  h  =  -  =  - 

Rg  200x10 

=  0.075  m  =  7.5  cm 
Thus,  the  correct  choice  is  (a). 

h 


Fig.  5.85 


84.  Now  v  =  54  km  h  1  =  15  ms  *,  R  =  50  m.  The  re¬ 
quired  angle  of  banking  is  given  by 

.  v2  15x15 

tan  0=  —  =  -  =  0.45 

Rg  50x10 

Thus,  the  correct  choice  is  (d). 

85.  The  horizontal  velocity  v  must  be  such  that  the 
centripetal  force  equals  the  weigth  of  the  body,  i.e. 


mv~ 

R 


'■  mg 


or  v  =  sfgR  ,  which  is  choice  (b). 


86.  The  motor  cyclist  can  leave  the  ground  only  at  the 
highest  point  on  the  bridge.  At  this  point,  the  cen¬ 
tripetal  force  is  mv2/R.  He  will  not  leave  the  ground 
if  the  centripetal  force  equals  the  weight  mg.  Thus 

2 

,Ul  =  mg  or  v  =  yfgR  =  x/iox  10  =  10  ms-1. 
R 

Hence,  the  correct  choice  is  (a). 

87.  When  the  system  is  in  equilibrium,  the  spring  force 
=  3  mg.  When  the  string  is  cut,  the  net  force  on 
block  A  =  3  mg  —2  mg  =  mg.  Hence  the  acceleration 
of  this  block  at  this  instant  is 
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force  on  block  A  _  mg  _  g 
mass  of  block  A  2m  2 

When  the  string  is  cut,  the  block  B  falls  freely  with 
an  acceleration  equal  to  g.  Hence  the  correct  choice 
is  (c). 

88.  Force  F  =  ^ 

dt 

d  A  A 

=  —  [A  {  i  cos  (kt)  -  j  sin  ( kt)] 
dt 

A  A 

=  Ak  [-  i  sin  (kt)  -  j  cos  (kt)] 

—  A  A 

Now  F  p  Ak\—  i  sin  (kt)  —  j  cos  kt] ■ 

A  A 

A[  i  cos  (kt)  -  j  sin  (kt)] 
=  A2k[-  sin  (kt)  cos  (kt)  +  cos  (kt)  sin  kt] 

A  A  A  A  A  A 

=  0(v  i  i  =  j  ■  j  =  1  and  i  ■ j  =0) 

Hence  the  angle  between  F  and  p  is  90°  which  is 
choice  (d). 

89.  Refer  to  Fig.  5.86.  Let  /be  the  force  producing 
the  acceleration  of  each  mass.  It  follows  from  the 
figure  that 

F  =  T  sin  9  +  T  sin  0  =  2  T  sin  0 


2  sin  0 

Also  T  cos  0  =  mf 
Using  (1)  and  (2),  we  get 

F cosQ  _  F  _  Fx 
2m  sin  0  2m  tan  6  2m'Ja2  —x2 

Hence  the  correct  choice  is  (b). 


(1) 

(2) 


Fig.  5.86 

90.  The  block  will  just  begin  to  slide  if  the  downward 
force  mg  sin  0just  overcomes  the  frictional  force, 
i.e.  if  mg  sin  0  =  fiN  =  p  mg  cos  6  =>  tan  6  =  p  = 
73  =>  0=  60°  (see  Fig.  5.87) 


The  block  will  topple  if  the  torque  due  to  normal 
reaction  N  about  O  just  exceeds  the  torque  due  to 
mg  sin  Q  about  O,  i.e. 

N  X  OA  =  mg  sin  6  x  OB 


=>  mg  cos  0x5  cm  =  mg  sin  (9  x  cm 

2  2 
=>  tan  6  =  -  =>  6  -  34°. 

3 

Since  0  for  toppling  is  less  than  0  for  sliding,  the 
correct  choice  is  (b). 


91. 


y 


Fig.  5.88 

For  the  bead  to  stay  at  rest,  (see  Fig.  5.88) 

N  cos  0  =  mg 

N  sin  0  =  ma 

which  give  tan  0=  —  .  Now 

g 

tan  8  =  slope  of  the  curve  =  =  —  (foe2)  =  2  foe 

dx  dx 

a  a 

2  foe  =  —  =>  x  =  - 

g  2  gk 

92.  Radius  of  the  circular  path  is  BC  =  r  =  L  sin0,  where 
L  =  AB  is  the  length  of  the  string.  The  vertical  com¬ 
ponent  T  cos  0  of  tension  ^balances  with  the  weight 
mg  and  the  horizontal  component  T  sin  0  provides 
the  necessary  centripetal  force  for  circular  motion. 
Hence 
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T  sin0  =  mrco2  =  m(L  sin0)  of 
T  =  ml.  of 
rmlv  =  mL 


324  =  0.5  x  0.5  x  of. 


®max  =  36  rad  s 


Fig.  5.89 


© 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Which  of  the  following  statements  are  true?  No 
net  force  acts  on 

(a)  a  drop  of  rain  falling  vertically  with  a  con¬ 
stant  speed 

(b)  a  cork  floating  on  water 

(c)  a  car  moving  with  a  constant  velocity  on  a 
rough  road 

(d)  a  body  moving  in  a  circular  path  at  constant 
speed. 

2.  In  which  of  the  following  situations  would  a  force 
of  9.8  N  act  on  a  stone  of  mass  1  kg?  Neglect  air 

(a)  Just  after  it  is  dropped  from  the  window  of 
stationary  train 

(b)  Just  after  it  is  dropped  from  the  window 
of  a  train  running  at  a  constant  speed  of 
36  km  h  '. 

(c)  Just  after  it  is  dropped  from  the  window  of  a 
train  accelerating  at  1  ms~2. 

(d)  When  it  is  lying  at  rest  on  the  floor  of  a  train 

—2 

which  is  accelerating  at  1  ms  . 

3.  The  coefficient  of  friction  between  the  wheels  of 
a  car  and  the  ground  is  0.5.  The  car  starts  from 
rest  and  moves  along  a  perfectly  horizontal  road.  If 
g  =  1 0  ms~2,  the  car 

(a)  can  acquire  a  maximum  acceleration  of 
5  ms~2  without  slipping. 

(b)  can  attain  a  speed  of  20  ms1  in  a  minimum 
distance  of  40  m. 


(c)  can  go  up  to  a  speed  of  100  ms1  in  10  s. 

(d)  after  acquiring  a  speed  of  50  ms can  come 
to  rest,  with  the  engine  shut  off  and  brakes 
not  applied,  in  a  time  of  10  s. 

4.  A  stream  of  water  flowing  horizontally  with  a 
speed  of  15  ms-1  gushes  out  of  a  tube  of  cross 
sectional  area  1  cm2,  strikes  against  a  kachha  ver¬ 
tical  wall,  and  flows  down  without  any  re-bound. 
The  wall  can  withstand  a  maximum  force  of  2000 
N  on  it.  The  impact  of  the  water  stream  on  the 
wall  will 

(a)  not  damage  it  as  the  maximum  force  on  it  due 
to  the  water  stream  is  only  about  1500  N. 

(b)  will  break  it. 

(c)  will  exert  a  force  of  2250  N  on  it. 

(d)  will  exert  a  pressure  of  2.250  105  pascal  on 

the  wall. 

5.  A  block  is  released  from  the  top  of  a  smooth 
inclined  plane.  Another  block  of  the  same  mass  is 
allowed  to  fall  freely  from  the  top  of  the  inclined 
plane.  Both  blocks  reach  the  bottom  of  the  plane 

(a)  in  equal  time 

(b)  with  equal  speed 

(c)  with  equal  momentum 

(d)  with  equal  kinetic  energy 

6.  A  body  of  mass  200  g  is  moving  with  a  velocity  of 
5  ms-1  along  the  posotive  x-  direction.  At  time  t  =  0 
when  the  body  is  at  x  =  0,  a  constant  forse  of  0.4  N 
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directed  along  the  negative  x-direction  is  applied  to 
the  body  for  10s. 

(a)  At  time  t  =  2.5  s,  the  body  will  be  at  x  =1.25  m 

(b)  At  time  t  =  2.5  s,  the  speed  of  the  body  will 
be  zero. 

(c)  At  time  /  =  30  s,  the  body  will  return  to  x  =  0. 

(d)  At  time  t  =  30  s,  the  speed  of  the  body  will 
be  15  ms-1 

7.  A  train  starts  from  rest  with  a  constant  acceleration 
a  =  2  ms~2.  After  5  seconds,  a  stone  is  dropped 
from  the  window  of  the  train.  If  g  =  10  ms~2. 

(a)  the  magnitude  of  the  valocity  of  the  stone 
0.2  second  after  it  is  dropped  is  2  ms1. 

(b)  the  angle  between  the  resultant  velocity 
vector  of  the  stone  and  the  horizontal  0.2 
second  after  it  is  dropped  is  9  =  tan-1  (0.2). 

(c)  the  acceleration  of  the  stone  after  it  is  dropped 

~  -2 

is  a  =  2  ms  . 

(d)  the  acceleration  of  the  stone  after  it  is  dropped 
is  g  =  10  ms". 

8.  A  man  of  mass  m  is  standing  on  the  floor  of  a  lift. 
His  weight  when  the  lift  is 

(a)  stationary  is  mg 

(b)  moving  up  with  a  uniform  speed  of  2  ms~' 
is  5  mg. 

(c)  moving  up  with  a  uniform  acceleraiton  a 
(<  g)  is  m  (g  +  a). 

(d)  moving  down  with  a  uniform  acceleration  a 
(<  g)  is  m  (g  -  a). 

9.  Two  identical  blocks,  each  of  mass  m,  connected 
by  a  light  string,  are  placed  on  a  rough  horizontal 
surface.  When  a  force  F  is  applied  on  a  block  in 
the  horizontal  direction,  each  block  moves  with  an 
acceleration  a.  Assuming  that  the  frictional  forces 
on  the  two  blocks  are  equal, 

(a)  the  tension  in  the  string  will  be  F. 

(b)  the  tension  in  the  string  will  be  FI 2. 

(c)  the  frictional  force  on  each  block  will  be 
(F  —  ma). 

(d)  the  frictional  force  on  each  block  will  be 

F  \ 

2  / 

10.  A  body  of  weight  W  is  suspended  from  a  rigid  sup¬ 
port  P  by  means  of  a  massless  string  as  shown  in 
Fig.  5.90.  A  horizontal  force  F  is  applied  at  point 
O  of  the  rope.  The  system  is  in  equilibrium  when 
the  string  makes  an  angle  0  with  the  vertical.  If  the 
tension  in  the  string  is  T, 

(a)  F  =  T  sin  9 


w 


Fig.  5.90 

11.  Two  blocks  of  masses  mx  and  m2  are  connected 
by  a  string  of  negligible  mass  which  passes  over  a 
frictionless  pulley  fixed  on  the  top  of  an  inclined 
plane  as  shown  in  Fig.  5.91. 

The  coefficient  of  friction  between  mass  mx  and 
the  plane  is  fx. 

(a)  If  m  |  =  m2,  the  mass  mx  first  begins  to  move 
up  the  inclined  plane  when  the  angle  of  in¬ 
clination  is  9,  then  /x  =  tan  9. 

(b)  If  m I  =  m2,  the  mass  mx  first  begins  to  move 
up  the  inclined  plane  when  the  angle  of  in¬ 
clination  is  9,  then  /x  =  sec  9  -  tan  9. 

(c)  If  m  |  =  2  m2,  the  mass  mx  first  begins  to  slide 
down  the  plane  if  /x  =  2  tan  9. 

(d)  If  mx  =  2  m2,  the  mass  mx  first  begins  to  slide 

down  the  plane  if  /x  =  tan  9  -  ^  sec  9. 


Fig.  5.91 

12.  Two  blocks  A  and  B  are  connected  to  each  other 
by  a  string  and  a  spring  of  force  constant  k,  as 
shown  in  Fig.  5.92.  The  string  passes  over  a  fric¬ 
tionless  pulley  as  shown.  The  block  B  slides  over 
the  horizontal  top  surface  of  a  stationary  block  C 
and  the  block  A  slides  along  the  vertical  side  of  C 
both  with  the  same  uniform  speed.  The  coefficient 
of  friction  between  the  surfaces  of  the  blocks  is  fx. 
If  the  mass  of  block  A  is  m, 


(b)  W  =  T  sin  9 
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(a)  the  mass  of  block  B  is  jvn. 

(b)  the  mass  of  block  B  is  m//u. 

(c)  the  energy  stored  in  the  spring  is  m2g2/2k. 

(d)  the  energy  stored  in  the  spring  is  jdm2g2/k. 


Fig.  5.92 

13.  Two  blocks  A  and  B  of  equal  masses  m  each  are 
connected  to  each  other  by  a  string  passing  over 
a  frictionless  pulley  as  shown  in  Fig.  5.93.  The 
coefficient  of  friction  between  block  A  and  the 
surface  below  is  0.5.  When  the  system  is  released, 

(a)  the  acceleration  of  the  blocks  is  3g/4. 

(b)  the  acceleration  of  the  blocks  is  g/4. 

(c)  the  tension  in  the  string  is  3mgl4. 

(d)  the  tension  in  the  string  is  mg/4. 

A 


14.  A  lift  is  going  up.  The  variation  of  the  speed  of  the  lift 

with  time  is  shown  in  Fig.  5.94.  The  total  mass  of 

—2 

the  lift  and  passengers  is  1000  kg.  If  g  =  10  ms  , 


Fig.  5.94 

(a)  the  tension  in  the  rope  of  the  lift  at  t  =  1  s 
will  be  12,000  N. 


(b)  the  tension  in  the  rope  at  t  =  6  s  will  be 
10,000  N. 

(c)  the  tension  in  the  rope  at  t  —  11  s  will  be 
8,000  N. 

(d)  the  height  upto  which  the  lift  takes  the 
passengers  is  40  m. 

15.  Two  blocks  of  masses  mx  =  2  m 
and  m2  =  m  are  connected  by  a 
light  string  passing  over  a  fric¬ 
tion  less  pulley  as  shown  in  Fig. 

5.95.  When  they  are  released, 

g 

(a)  the  acceleration  of  ml  is  — 
vertically  downwards. 

(b)  the  acceleration  of  m2  is 

2  g 

—  vertically  upwards. 

(c)  the  tension  in  the  string  is 
4 g 
3 

(d)  the  distance  through  which  m2  rises  in  t  sec- 

gt 2 

onds  after  the  blocks  are  released  is  - . 

6 

16.  Two  blocks  of  masses  ml  and  m2  connected  by  a 
light  inextensible  string  are  lying  on  a  horizontal 
frictionless  surface  as  shown  in  Fig.  5.96.  A  force 
F  is  applied  to  m2  in  the  horizontal  directon  as 
shown. 


(a)  the  acceleration  of  each  block  is 


F 


(»?i  +m2) 


m{F 


(b)  the  tension  in  the  string  is 

0«i  +m2) 

(c)  the  tension  in  the  string  is  F. 


(d)  the  force  on  mass  ml  is 


m2F 


(/Mj  +  m2) 


m2 


Fig.  5.96 

17.  Ten  coins,  each  of  mass  m,  are  placed  on  top  of  each 
other  on  a  horizontal  table. 

(a)  The  force  on  the  7th  coin  (counted  from  the 
bottom)  due  to  all  the  coins  above  it  is  3 mg 
vertically  downwards. 

(b)  The  force  on  the  7th  coin  by  the  8th  coin 
(both  counted  from  the  bottom)  is  3  mg 
vertically  downwards. 
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(c)  The  force  on  the  7th  coin  by  the  8th  coin 
(both  counted  from  the  bottom)  is  2 mg 
vertically  upwards. 

(d)  The  reaction  force  of  the  6th  coin  from  the 
bottom  on  the  7th  coin  from  the  bottom  is 
4 mg  vertically  upwards. 


18.  Two  blocks  of  masses  mx  and  m2  are  placed  in 
contact  on  a  horizontal  frictionless  surface  as 
shown  in  Fig.  5.97.  A  force  F  is  applied  to  mass 
m  |  as  shown. 

(a)  The  acceleration  of  mass  m2  is  F/m2 

(b)  The  force  exerted  on  mass  m2  is  — — . 

(w,  +  m2) 

(c)  The  force  exerted  on  mass  m2  is  F. 

F 

(d)  The  acceleration  of  mass  mx  is  - . 

(m1+m2) 


v  mi 

y77777/V77777^^r7777777777 


Fig.  5.97 

19.  Two  blocks  of  masses  mx  and  m2  (m2  <  m , )  are 
placed  on  an  inclined  plane  of  inclination  0  and 
joined  by  a  string  as  shown  in  Fig.  5.98. 


20. 


If  the  coefficient  of  friction  between  the  blocks 
and  the  plane  is  /u  and  the  blocks  are  released, 

(a)  the  acceleration  of  the  blocks  is  g(sin  0  Li 
cos  0). 


(b)  the  acceleration  of  the  blocks  is  zero. 

(c)  the  tension  in  the  string  is  zero. 

(d)  the  tension  in  the  string  is  (ml  +  m2)g 
(sin  0  -  /i  cos  0). 

A  uniform  chain  of  length  L  is  placed  on  a  rough 
horizontal  table.  The  coefficient  of  friction  be¬ 
tween  the  chain  and  the  table  is  jl.  The  maximum 
length  of  the  chain  that  can  hang  from  the  edge 
of  the  table  is  /.  Then 
fiL 


(a)  /  = 


(1  +  AO 


(b)  / 


L 

(i  +  AO 


(c)  If  ii  =  0.25,  j  =  20% 

(d)  If  jx  =  0.25,  l-  =  25% 

21.  A  block  starts  sliding  from  the  top  of  an  inclined 
plane  of  inclination  6.  The  coefficient  of  friction 
between  the  block  and  the  plane  varies  as  /n  = 
kx  where  x  is  the  distance  moved  down  the  plane 
and  /c  is  a  positive  constant. 

(a)  The  block  has  a  uniform  acceleration  along 
the  plane. 

(b)  The  acceleration  of  the  block  increases  for 

tan  0 


(c)  The  velocity  of  the  block  is  maximum  at 

tan  0 

x  =  - . 

_.  tan  0 

(d)  The  block  starts  decelerating  tor  x  >  - . 

k 


22.  A  block  of  mass  m  is  lying  at  x  =  0  on  a  smooth 
horizontal  surface.  A  variable  force  F  =  kx  is 
applied  to  it  as  shown  in  Fig.  5.99  where  k  is  a 
constant.  Then 

(a)  the  block  will  move  on  the  surface  with  a 
uniform  acceleration. 

(b)  the  block  will  move  on  the  surface  with  a 
variable  acceleration. 

(c)  the  block  will  lose  contact  with  the  surface 

1712 

after  travelling  a  distance  x0  =  - . 

k  sin  0 

(d)  the  block  will  always  remain  in  contact  with 
the  surface. 


23.  Apendulum  of  length  L  and  bob  mass  Mis  oscillat¬ 
ing  in  a  plane  about  a  vertical  line  between  angular 
limits  —  (f)  and  +  0.  For  an  angular  displacement  1 0\ 
<  (j),  the  tension  in  the  string  is  T  and  the  velocity 
of  the  bob  is  V.  Then 

(a)  T  cos  0  =  Mg 

MV2 

(b)  T- Mg  cos  0= 

(c)  The  magnitude  of  the  tangential  acceleration 
of  the  bob  is  \at\  =  g  sin  0 

(d)  T  =  Mg  cos  0 

<  IIT,  1986 
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24.  When  a  bicycle  is  in  motion,  the  force  of  friction 
exerted  by  the  ground  on  the  two  wheels  is  such 
that  it  acts 

(a)  in  the  backward  direction  on  the  front  wheel  and 
in  the  forward  direction  on  the  rear  wheel. 

(b)  in  the  forward  direction  on  the  front  wheel  and 
in  the  backward  direction  on  the  rear  wheel. 


ANSWERS  AND  SOLUTIONS 

1.  Choice  (a)  is  true.  Since  the  direction  of  motion 
as  well  as  the  speed  of  the  drop  of  rain  are  con¬ 
stant,  its  velocity  is  constant  and  hence  no  net  force 
acts  on  the  drop.  The  downward  gravitational  force 
(i.e.  weight)  of  the  drop  is  completely  cancelled 
by  the  upward  buoyant  force  on  it  due  to  air  and 
the  viscous  force  due  to  its  motion.  Choice  (b)  is 
also  true.  The  weight  of  the  cork  is  balanced  by  the 
upward  buoyant  force  due  to  water.  Choice  (c)  is 
also  true.  The  force  due  to  the  car’s  acceleration 
is  balanced  by  the  backward  force  of  friction  bet¬ 
ween  its  tyres  and  the  rough  road.  Choice  (d)  is 
false.  Although  the  speed  of  the  body  is  constant, 
its  velocity  is  changing  all  the  time  because  the 
direction  of  motion  keeps  changing.  Hence,  the 
motion  of  the  body  is  being  accelerated.  A  force 
(called  centripetal  force)  must  act  on  the  body  to 
produce  the  acceleration. 

Thus,  choices  (a),  (b)  and  (c)  are  correct. 

2.  In  choice  (a),  a  force  F  =  mg  =  1  x  9.8  =  9.8  N  acts 
on  the  stone  vertically  downwards.  In  choice  (b), 
the  velocity  of  the  train  is  constant.  Hence,  there 
is  no  acceleration  (and  therefore,  force)  along  the 
direction  of  motion.  When  the  stone  is  dropped, 
the  only  force  acting  on  it  is  F  =  mg  =  9.8  N  verti¬ 
cally  downwards.  In  choice  (c),  before  the  stone 
is  dropped,  a  force  =  ma  =  1  kg  x  1  ms~2  =  1  N 
acts  on  it  in  the  horizontal  direction.  But,  after  it  is 
dropped,  this  force  ceases  to  act  because  the  stone 
is  no  longer  located  in  the  accelerating  system  (i.e. 
train).  Hence,  in  this  case  also,  the  net  force  on  the 
stone  is  9.8  N  vertically  downwards.  In  choice  (d), 
the  weight  of  the  stone  is  balanced  by  the  normal 
reaction  of  the  floor  of  the  train.  But  the  stone  is 
accelerated  in  the  forward  direction  along  with  the 
train.  Hence,  the  force  acting  on  the  stone  =  ma  =  1 
kg  x  1  ms~2  =  1  N  in  the  direction  of  motion  of  the 
train.  Thus,  the  correct  choices  are  (a),  (b)  and  (c). 

3.  The  maximum  acceleration  acquired  without  slip¬ 
ping  is  given  by 

ma  =  pmg  or  a  =  pg  =  0.5  x  10  =  5  ms~2 

With  this  maximum  acceleration,  the  minimum  dis¬ 
tance  5  covered  to  acquire  a  speed  v  =  20  ms-1  is 


(c)  in  the  backward  direction  on  both  the  front 
and  the  rear  wheels. 

(d)  in  the  forward  direction  on  both  the  front  and 
the  rear  wheels. 

<  IIT,  2007 


given  by  v 2  —  it 2  =  las  or  (20)2  -  0  =  2x5xsor 
s  =  40  m.  Further,  since  the  frictional  retardation  is 
5  ms~2,  the  time  needed  to  come  to  rest  from  a  speed 
of  50  ms-1  is  t  =  via  =  50/5  =  10  s.  Hence,  choice 
(a),  (b)  and  (d)  are  correct. 

4.  The  rate  of  change  of  momentum  of  water  stream 
=  av2p-  0  =  av2p.  This  is  the  force  F  exerted  by  the 
water  stream  on  the  wall. 

.-.  F  =  av2p  =  (1  x  10~2)  x  (15)2  x  1000  =  2250  N 

The  pressure  on  the  wall  is 

F  2250  s 

P=  —  = - -  =  2.25  x  105  pascal 

a  lxl0“2 

Hence,  the  correct  choices  are  (b),  (c)  and  (d). 

5.  Since  the  acceleration  along  the  inclined  plane 
(g  sin  0)  is  less  than  g,  the  blocks  take  different 
times  to  reach  the  bottom.  The  speed  of  each  block 
on  reaching  the  bottom  is  v  =  \Jlgh  ,  where  h  is 
the  height  of  the  inclined  plane.  Thus  choice  (b)  is 
correct.  The  directions  of  the  velocity  are  differ¬ 
ent,  hence  their  momenta  are  not  the  same.  Their 

1  2  •  , 

kinetic  energy  —  nnr  is  the  same.  Hence  the  cor¬ 
rect  choices  are  (b)  and  (d). 

6.  Given  u  =  +  5  ms-1  along  positive  x-direction 
F  =  -  0.4  N  along  negative  x-direction 

m  =  200  g  =  0.2  kg 

The  acceleration  a  =  —  =  =  -2  ms~2.  The 

m  0.2 

negative  sign  shows  that  the  motion  is  retarded. 
The  position  of  the  body  at  time  t  is  given  by 

1  2 

x  =  Xa  +  ut  +  —at 
0  2 

At  t  =  0,  the  body  is  at  x  =  0.  Therefore,  x0  =  0. 
Hence 

1  .2 

x  =  ut  +  —  at 
2 

Since  the  force  acts  during  the  time  interval  from 
t  =  0  to  t  =  10  s,  the  motion  is  accelerated  only 
between  t  =  0  and  t  =  10  s.  The  position  of  the 
body  t  =  2.5  s  is  given  by 
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1  9 

X  =  5  x  2.5  +  -  x  (-  2)  x  (2.5)2  =  1.25  m 

The  velocity  of  the  body  at  t  =  2.5  s  is 
v  =  u  +  at  =  5  +  (-  2)  x  (2.5)  =  5-5  =  0 
During  the  first  ten  seconds  (i.e.  from  t  =  0  to 
t  =  10  s)  the  motion  is  accelerated.  During  this 
time  a  =  —  2  ms~2.  Putting  u  =  5  ms-1,  a  =  —  2  ms~2 

1  2 

and  t  =  10  s  in  equation  x  =  ut  +  —  at.  We  have 

X|  =  5xl0  +  —  x  (-  2)  x  (10)2  =  -  50  m  (i) 

The  velocity  of  the  body  at  t  =  10  s  is 
v  =  u  +  at  =  5  +  (—  2)  x  10  =  —  15  ms-1 
During  the  remaining  20  seconds,  i.e.  from 
t  =  10  s  to  t  =  30  s,  the  acceleration  a  =  0,  because 
the  force  ceases  to  act  after  t  =  10  s.  The  velocity 
of  the  body  remains  constant  at  -  1 5  ms~'  during 
the  last  20  seconds.  The  distance  covered  by  the 
body  during  the  last  20  seconds  is 

x2  =  —  15  x  20  =  —  300  m 
.•.  Position  of  the  body  at  t  =  30  s  is 

.v  ■  A',  +  x2  =  —  50  —  300 
=  -  350  m 

The  magnitude  of  the  velocity  (i.e.  speed)  of  the 
body  at  t  =  30  s  is  15  ms-1. 

Hence  the  correct  choices  are  (a),  (b)  and  (c). 

7.  Given  u  =  0,  a  =  2  ms~2.  Since  the  stone  is  located 
in  the  train,  the  acceleration  of  the  stone  is  a  = 
1  ms~2.  At  time  t  =  5  s,  the  velocity  of  the  stone 
is  v  =  u  +  at  =  0  +  2  x  5  =  10  ms-1.  Before  the 
stone  is  dropped,  its  motion  is  accelerated  with 
the  train.  But,  the  moment  it  is  dropped,  its  ac¬ 
celeration  due  to  the  motion  of  the  train  ceases. 
Therefore,  after  the  stone  is  dropped,  it  has  the 
following  two  motions: 

(a)  a  unifonn  motion  with  velocity  10  ms-1  paral¬ 
lel  to  the  ground,  i.e. 

vx  -  10  ms~'  (the  horizontal  velocity) 

(b)  an  accelerated  motion  vertically  downwards 
due  to  gravity.  In  time  t  =  0.2  s,  the  vertical 
velocity  of  the  stone  is  v  =  0  +  gt  =  10  x  0.2 
=  2  ms-2. 

The  resultant  velocity  of  stone  at  t  =  0.2  s  is 
f  =  V v2x+v2y  =  V  (1 0)2  +(2)2  =  Vl04 
=  2V26  ms-1 

The  angle,  which  the  resultant  velocity  vector, 
makes  with  the  horizontal  is  given  by 

vv  2 

tan  9  =  —  =  —  =0.2 

vx  10 


After  the  stone  is  dropped,  the  horizontal  velocity 
vx  remains  unchanged  because  the  acceleration 
is  zero  along  the  horizontal  direction.  The  only 
acceleration  of  the  stone  is  the  acceleration  due 
to  gravity. 

Hence  the  correct  choices  are  (b)  and  (d). 

8.  The  man  exerts  a  downward  force  {mg)  on  the 
weighing  machine.  The  machine,  in  turn,  exerts 
on  him  an  upward  reaction  for  ( R )  which  it  mea¬ 
sures.  When  the  lift  is  stationary,  R  =  mg. 

When  the  lift  is  moving  up  or  down  with  a 
unifonn  speed,  it  has  no  acceleration  of  its  own. 
Hence,  the  reading  of  the  machine  will  still  be  mg. 
When  the  machine  is  moving  downwards  with  an 
acceleration  a,  a  force  F  =  ma  acts  downwards. 
But  the  reaction  R  =  mg  acts  upwards.  Hence, 
the  effecting  reading  will  be 

Rctf  =  F  -  R  =  mg  -  ma  =  m(g  -  a) 

In  case  (c),  R  and  mg  both  act  in  the  same  direc¬ 
tion  (upwards).  Hence,  the  effective  reading  will 
be 

Rc{{  =  mg  +  ma  =  m(g  +  a) 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 

9.  Refer  to  Sec.  5.11  and  Fig.  5.15  on  page  5.9 
Equations  of  motion  of  mx  and  m2  are 

mxa  =  T  —  f  (i) 

and  m2a  =  F  -  T  -  f  (ii) 

Subtracting  the  two  equations,  we  have 
{m  j  —  m2)a  =  2  T  —  F 

Since  mx  =  m2,  we  get,  we  get  0  =  2 T  -  F 


2 

Putting  T  =  10N  in  Eq.  (i)  above,  we  have 
f  =  T  —  mxa 
F 

=  —  -  ma 
2 

Hence  the  correct  choices  are  (b)  and  (d). 

10.  The  mass  is  in  equilibrium  at  point  O  under  the 
action  of  the  concurrent  forces  F,  T  and  W  =  mg. 
Therefore,  as  shown  in  Fig.  5.100,  the  horizontal 
component  T  sin  9  of  tension  T  must  balance  with 
force  F  and  the  vertical  component  T  cos  9  must 
balance  with  weight  W  =  mg. 

Thus  F  =  T  sin  9  (i) 

and  W  =T  cos  9  (ii) 

Squaring  Eqs.  (i)  and  (ii)  and  adding  we  get 

tl=w2  +  f2. 

Dividing  (i)  by  (ii)  we  get  F  =  W  tan  9. 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 
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Fig.  5.100 


11.  The  block  ml  will  just  begin  to  move  up  the 
plane  if  the  downward  force  m2g  due  to  mass  m2 
trying  to  pull  the  mass  m]  up  the  plane  just  equals 
the  force  (mxg  sin  9  +  fim^g  cos  9)  trying  to  push 
the  mass  ml  down  the  plane,  i.e.  when 

m^g  =  OT,g(sin  9  +  /J.  cos  9) 

Now,  it  is  given  that  mi  =  m2  =  m. 

Therefore,  we  have 

1  =  sin  9  +  fi  cos  9 
=>  /u  =  sec  9  -  tan  9 

The  block  ml  will  just  begin  to  move  down  the 
plane  if  the  downward  force  (mxg  sin  9  -  fimxg 
cos  9)  on  Wj  just  equals  the  upwards  force  m2g 
acting  on  m]  due  to  m2,  i.e.  if 


m2g 

=  mxg{svci  9  -  li  cos  9) 

or 

777  j 

1 

m2 

sin  9  -  ju  cos  9 

If 

777  j 

=  2m2,  then  we  have 

2 

1 

sin  9  -  jJ.  cos  9 

=>  u.  =  tan  9 - sec  9 

2 

Hence  the  correct  choices  are  (b)  and  (d). 

12.  Since  the  blocks  slide  at  the  same  unifonn  speed, 

no  net  force  acts  on  them.  If  M  is  the  mass  of 

block  B,  then  the  tension  in  the  string  is  T  =  fxMg. 

Also  T  =  mg.  Equating  the  two,  we  get  /J.M  =  m 

, ,  m 
or  M  =  — 

k  /■  i } 

Extension  in  the  spring  x  -  —  =  - .  Therefore, 

k  k 

potential  energy  stored  in  the  spring  is 


2  2 
m  g 

2k 


13. 


Hence  the  correct  choices  are  (b)  and  (c). 

If  the  acceleration  of  the  blocks  is  a,  then  we 
have 

mg  —  T  =  ma  (i) 


and  T  -  fimg  =  ma 

Adding  (i)  and  (ii)  we  get 


a  = 


1-0.5 


(ii) 


Using  a  =  gt 4  in  Eq.  (i)  gives  T  =  3mg/4 
Hence  the  correct  choices  are  (b)  and  (c). 

14.  Between  t=  0  and  t  =  2  s,  the  acceleration  of  the  lift 
is 


AD  4  ms 

a  =  - = -  =  2  ms 

OD  2s 


Since  the  lift  is  accelerating  upward,  the  tension  in 
the  rope  at  t  =  1  s  (between  t  =  0  and  t  =  2  s)  is 
T=m(g  +  a)  =  1000  x  (10  +  2)=  12,000  N 
Between  t  =  2  s  and  t  =  1 0  s,  the  speed  of  the  lift  is 
constant.  Hence  a  =  0  and  T=  mg  =  1000  X  10 

=  10,000  N 

Between  t  =  1 0  s  and  t  =  1 2  s,  the  lift  is  decelerating. 
Its  deceleration  is  given  by 

BE  4  ms-1  „  _2 

a  =  - = -  =  2  ms 

EC  2s 

.•.  Tension  =  m  (g  —  a)  =  1 000  x  ( 1 0  -  2) 

=  8,000  N 

The  height  to  which  the  lift  rises  =  area  of  OABC 
=  40  m.  Hence  all  the  four  choices  are  correct. 

15.  The  correct  choices  are  (a),  (c)  and  (d).  The  accel¬ 
eration  of  each  mass  is  the  same  and  is  given  by 

=  (Ph  ~mi)g 
(mi  +m2) 


The  tension  in  the  string  is  T  = 


2n\  m2g 
(m]  +  m2 ) 


Since  the  masses  start  from  rest,  the  distance  moved 
by  m  |  in  time  t  is 


s=ut+  —  at 2  =  0  +  —  at2  =  —  at 2 
2  2  2 


16.  The  correct  choices  are  (a),  (b)  and  (d).  The  accel¬ 
eration  of  each  mass  is  given  by 


F 

a  =  - 

(wj  +m2) 

The  tension  in  the  string  is  T=  mx  a.  The  force  on 
mass  mx  is 


(/Mi  +m2) 

17.  The  7th  coin  from  the  bottom  has  3  coins  above  it. 
Hence,  the  force  on  the  7th  coin  =  weight  of  3  coins 
=  3  mg,  vertically  downwards. 

Since  the  8th  coin  has  2  coins  above,  it  supports 
the  weight  of  two  coins.  Hence  the  force  on  the  7th 
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coin  by  the  8th  coin  =  weight  of  8th  coin  +  weight 
of  two  coins  above  it  =  weight  of  three  coins  = 
3  mg  vertically  downwards. 

From  Newton’s  third  law,  the  reaction  force 
exerted  by  the  6th  coin  on  the  7th  coin  is  equal  and 
opposite  to  the  action  force  exerted  by  the  7th  coin 
on  the  6th  coin.  Now,  the  force  exerted  by  the  7th 
coin  on  the  6th  coin  =  weight  of  7th  coin  +  weight 
of  3  coins  above  it  =  weight  of  4  coins  =  4  mg 
vertically  downwards.  Hence,  the  reaction  of  the  6th 
coin  on  the  7th  coin  =  4  mg  vertically  upwards. 
Hence  the  correct  choices  are  (a),  (b)  and  (d). 

18.  The  correct  choices  are  (b)  and  (d).  The  accelera¬ 
tion  of  both  the  masses  is  the  same  and  is  given 
by 

net  force  F 

a  =  -  =  - 

total  mass  (mx+m2) 

Force  on  mass  m2  =  m2  a. 

19.  Figures  5.101  (a)  and  5.101  (b)  show  the  free 
body  diagram  of  the  two  blocks. 


(b) 

Fig.  5.101 


T  is  the  tension  in  the  string  and  f  and  f2  are  the 
frictional  forces.  It  follows  from  the  diagrams  that 
Nx  =  mxg  cos  9  and  /!  =  jimxg  cos  9 
N2  =  m2g  cos  9  and  f2  =  jlm2g  cos  9 
If  a  is  the  acceleration  of  the  blocks  down  the 
plane,  the  equations  of  motion  are 
mxa  =  mxg  sin  9  -  T  -  fx 

=  mxg  sin  9  -  T  -  iumxg  cos  9  (i) 

and  m2a  =  mjg  sin  9  +  T  -  f2 

=  m2g  sin  9  +  T  -  jJLm2g  cos  9  (ii) 


Solving  Eqs.  (i)  and  (ii),  we  get  T  =  0  and 
a  =  g(sin  9  -  n  cos  9) 

Hence  the  correct  choices  are  (a)  and  (c). 

20.  Let  M  be  the  mass  of  the  chain  and  L  its  length. 
If  a  length  /  hangs  over  the  edge  of  the  table,  the 

Ml 

force  pulling  the  chain  down  is  ~j~  S-  The  force 
of  friction  between  the  rest  of  the  chain  of  length 


(L  -  /)  and  the  table  is 


llM(L-l ) 


For  equilibrium,  the  two  forces  must  be  equal, 
i.e. 

Ml  _  /uM(L-l) 


1  =  jl  (  L  -  l) 
llL 


21. 


L  =  JJ 

L  1  +  jl 


0.25 
1  +  0.25 


=  -  or  20%. 
5 


Hence  the  correct  choices  are  (a)  and  (c). 
The  acceleration  of  the  block  is  given  by 


a  =  g(sin  9  -  fl  cos  9  ) 


=  g(sin  9  -  kx  cos  9) 

Acceleration  a  is  not  uniform;  it  varies  with  v.  For 
sin  9  >  kx  cos  9,  a  is  positive,  i.e.  a  is  positive 
for  x  <  tan  9  Ik.  For  x  >  tan  9  Ik,  a  is  negative. 
For  x  =  tan  9  Ik,  a  =  0  and  velocity  is  maximum 
after  which  it  begins  to  decrease  as  the  block  is 
decelerated.  Hence  the  correct  choices  are  (b),  (c) 
and  (d). 

22.  The  horizontal  and  vertical  components  of  F  are 
F  cos  9  and  F  sin  9  (see  Fig.  5.102). 


Fig.  5.102 

N  +  F  sin  9  =  mg 

=>  N  =  mg  -  F  sin  9 

=  mg  -  kx  sin  9 
where  N  is  the  normal  reaction. 
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The  block  will  lose  contact  with  surface  at  x  =  x0 
for  which  N  =  0.  Putting  N  =  0  and  x  =  x0,  we 

ITJCT 

have  0  =  mg  -  kx0  sin  9  =>  x0  =  - 

k  sin  9 

The  acceleration  a  of  block  along  the  horizontal 
surface  is  given  by 

ma  =  F  cos  9  =  kx  cos  9 


kxcos9 


a  = 


m 


which  depends  upon  x.  Hence  the  correct  choices 
are  (b)  and  (c). 


23. 


•  A 


It  follows  from  Fig.  5.103,  that 


MV 


=  T  -  Mg  cos  9 


Tangential  force  f  =  Mg  sin  9 

Tangential  acceleration  a,  =  g  sin  9. 

So  the  correct  choices  are  (b)  and  (c). 

24.  When  an  external  force  is  applied  to  move  a  body, 
the  force  of  friction  acts  in  the  opposite  direction. 
But  when  a  body  itself  applies  a  force  in  order  to 
move,  the  force  of  friction  acts  in  the  direction  of 
motion.  While  pedalling,  the  external  force  is  ap¬ 
plied  to  the  rear  wheel  and  as  a  result  the  front  wheel 
moves  by  itself.  So,  while  pedalling,  the  choice  (a) 
is  correct.  When  pedalling  is  stopped,  the  choice  (c) 
is  correct  as  long  as  bicycle  remains  in  motion. 


# 


Multiple  Choice  Questions  Based  On  Passage 
Question  1  to  3  are  based  on  the  following  passage 
Passage  I 


Reference  Frames 

We  define  the  position  of  a  body  in  terms  of  a  frame  of 
reference.  Rest  and  motion  are  relative;  there  is  nothing 
like  absolute  rest  or  absolute  motion.  The  position  or  state 
of  motion  of  a  body  may  appear  different  from  different 
frames  of  reference.  For  example,  the  passengers  and 
everything  else  in  a  moving  train  are  at  rest  in  a  reference 
frame  situated  in  the  train  but  they  are  in  motion  in  a 
reference  frame  situated  on  the  platfonn.  Similarly,  a  stone 
dropped  by  a  passenger  from  the  window  of  a  railway 
carriage  in  uniform  motion  appears  to  him  to  fall  vertically 
downwards  but  to  a  person  outside  the  carriage,  it  appears 
to  follow  a  parabolic  path. 


Newton’s  first  law  of  motion  does  not  hold  in  all  frames 
of  reference;  it  holds  only  for  inertial  frames  of  reference. 
An  inertial  reference  frame  is  a  frame  which  moves  with 
a  constant  velocity. 

1.  A  reference  frame  attached  to  the  earth 

(a)  is  an  inertial  frame  by  definition 

(b)  cannot  be  an  inertial  frame  because  the  earth 
is  revolving  round  the  sun 

(c)  is  an  inertial  frame  because  Newton’s  laws 
of  motion  are  applicable  in  this  frame 

(d)  cannot  be  an  inertial  frame  because  the  earth 
is  rotating  about  its  own  axis. 

2.  Which  of  the  following  observers  are  inertial? 

(a)  A  child  revolving  in  a  merry-go-round 

(b)  A  driver  in  a  car  moving  with  a  constant 
velocity 
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(c)  A  pilot  in  an  aircraft  which  is  taking  off 

(d)  A  passenger  in  a  train  which  is  slowing  down 
to  a  stop. 

3.  Choose  the  correct  statements  from  the  following. 

(a)  An  inertial  frame  is  non-accelerating. 

(b)  An  inertial  frame  is  non-rotating. 

SOLUTION 

1.  The  velocity  of  the  earth  changes  with  time  (due 
to  a  change  in  its  direction)  as  it  revolves  round 
the  sun.  Therefore,  a  frame  attached  to  the  earth  is 
accelerated.  Accelerated  frames  and  rotating  frames 
of  reference  are  not  inertial  frames.  Hence  the  cor¬ 
rect  choices  are  (b)  and  (d). 


(c)  A  reference  frame  moving  at  a  constant  velo¬ 
city  with  respect  to  an  inertial  frame  is  also 
an  inertial  frame. 

(d)  Newton’s  laws  of  motion  hold  for  both  iner¬ 
tial  and  non-inertia  frames. 


2.  The  observers  in  (a),  (c)  amd  (d)  are  all  accelerat¬ 
ing.  Hence,  they  are  non-inertial.  Only  the  driver  in 
(b)  is  inertial  since  his  motion  is  not  accelerated. 

3.  The  correct  choices  are  (a),  (b)  and  (c). 


Question  4  to  6  are  based  on  the  following  passage 
Passage  II 

Two  bodies  A  and  B  of  masses  m  and  2  m  respectively  are 
moving  with  equal  linear  momenta.  They  are  subjected  to 
the  same  retarding  force. 

4.  If  xx  and  x2  are  the  respective  distances  moved 
by  them  before  stopping,  then  x1/x2  is 

(a)  |  (b)  1 

(c)  V2  (d)  2 

SOLUTION 


If  /|  and  ?2  are  the  respective  times  taken  by  them 
to  stop,  then  txlt2  is 

(a)  1  (b)  2 


(a)  | 


< 


If  aj  and  a2  are  their  respective  decelerations, 
then  al/a2  is 

(a)  1  (b)  2 


(c)  V2 


<d)  7J 


4. 


o  2  ^  2  ~  J-  (mu)  p- 

2  ax  =  u  =>  2  max  =  mu  =>  2  Fx  = - =  — 

m  m 

where  F  =  ma  is  the  retarding  force  p  =  mu  is 
linear  momentum.  Thus 


2Fm 


Since  p  and  F  are  constants,  x  oc  -  Hence  the 

correct  choice  is  (d).  m 

_  u  mu  p 

5.  0  =  u  + at  =>t  =  -  —  =  -  —  =  -  — .  Hence 

a  ma  F 

t1  =  t2.  Thus  the  correct  choice  is  (a). 

6.  a i  =  Flm  and  a2  =  Film.  Hence  the  correct  choice 
is  (b). 


Questions  7  to  9  are  based  on  the  following  passage 
Passage  III 

Two  bodies  of  masses  m  and  2  m  respectively  are  moving 
with  equal  kinetic  energies.  They  are  subjected  to  the 
same  retarding  force. 

7.  If  X|  and  x2  are  the  respective  distances  moved 
by  them  before  stopping,  then  xl/x2  is 

(a)  2  (b)  V2 

(c)  |  (d)  1 

SOLUTION 

7.  2 ax  =  u2  =>  2  max  =  mu2  =>  Fx  =  —  mu2.  If  K 

2 

is  the  kinetic  energy,  then  Fx  =  K  =>  x '  =  K/F. 


8.  If  t  j  and  t2  are  the  respective  times  taken  by  them 
to  stop,  then  txlt2  is 

(a)  <b)  \ 

(c)  V2  (d)  2 

9.  If  ax  and  a2  are  their  respective  decelerations, 
then  ax/a2  is 

(a)  4  (b)  2 

(c)  \  (d)  1 

Since  K  and  F  are  constants,  the  correct  choice 
is  (d). 
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8.  0  =  u  +  at  =>/  =  —  — 

a 

2  2  2 
p  =  mu  =>  p  =  m  u 


mu  p  ^  T 

-  —  =  -  — .  Now 
ma  F 

(2m)  ^—mu2j  =  2mK. 


'sj  ^yyiK. 

Hence  t  =  -  - .  Thus  t  °c  4m  .  Hence  the 

F 

correct  choice  is  (a). 

F  1 

9.  a  =  — ,  i.e.  a  —  Hence  the  correct  choice  is  (b). 
m  m 


Questions  10  to  13  are  based  on  the  following  passage 
Passage  IV 

A  block  of  masses  m  is  initially  at  rest  on  a  ffictionless 
horizontal  surface.  A  time-dependent  force  F  =  at  -  bt2 
acts  on  the  body,  where  a  and  b  are  positive  constants. 

10.  The  magnitude  of  the  force  is  maximum  at  time 
tx  given  by 

(a)  -  (b)  — 


b 

,  ,  a 
(c)  — 
2b 


b 


(d) 


42b 


11.  The  maximum  force  Fmax  is  given  by 


,  ,  a 

(a)  — 
2b 

2  a2 

(c)  x 

SOLUTION 


dF 


10.  The  force  is  maximum  when  —  =  0  and 


<  0. 


dt 


d2F 
dt 2 


Now  =  —(at  —  bt 2)  =  a  -  2 bt 
dt  dt 

dF 

Putting  —  =  0  and  t  =  ?h  we  get 
dt 

0  =  a  -  2  bt,  =>  t,  =  — 

1  1  2b 

r2  T^t  1 

Also  — —  =  — (a  -  2  bt)  =  -  2  b,  which  is 
dt  dt 

negative. 

Hence  the  correct  choice  is  (c). 

/  \2  2 

„  „  ,2  a  ,  a  \  a 

11.  Fmax  =  at ,  -  bt ",  =  a  X  —  X  —  =  — . 

max  1  1  2b  \2b  4b 


Hence  the  correct  choice  is  (b). 


12.  The  maximum  impulse  7max  imparted  to  the  block 


6b~ 


is  given  by 

,  ,  4 

AT 

(b) 

3b2 

n  ^ 

(c)  ““ T 

(d) 

9b2 

12  bz 


13.  The  maximum  velocity  t>lllax  attained  by  the  block  is 


(a) 

a 

(b) 

a 

4m  b2 

8i mb2 

(c) 

a3 

(d) 

a3 

12  mb2 

1 6m  b2 

12.  Maximum  impulse  is  given  by 


An  ax 


j  Fdt 
0 
h 

=  j(at  -  bt 2  )dt 
o 

at2  bt\ 

~2  3~ 


a 

1  \2 

1  a  1 

b  | 

[A. 

a3 

2 

\2  bl 

3 

\2b) 

12b2 

Hence  the  correct  choice  is  (d). 

13.  Now  impulse  =  change  in  momentum 
=  mv  —  0  =  mv 


L 


m  I2mbz 


which  is  choice  (c). 


Questions  14  to  17  are  based  on  the  following  passage 
Passage  V 

A  body  of  mass  m  is  initially  at  rest.  A  periodic  force  F  = 
a  cos  (bt  +  c)  is  applied  to  it,  where  a,  b  and  c  are  constants. 

14.  The  time  period  T  of  the  force  is 


2k 

(b)  — 

b 


(c)  2 nfb  (d)  2nfa 

15.  The  maximum  velocity  of  the  body  is 

b_ 
me 
b+c 


a 

(b) 

mb 

c 

ma 

(d) 

ma 
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16.  The  smallest  value  of  t  after  t  =  0  when  the 
velocity  of  the  body  becomes  zero  is  given  by 

n  —  a 


(a)  ?i 

_  n 

a 

k  —  c 

(b)  t 

(c)  tx 

b 

(d)  t 

n 

~b 


SOLUTION 

14.  F  will  repeat  itself  at  values  of  t  given  by 
cos {bt  +  c)  =  +  1,  i.e. 

bt  +  c  =  0,  2 n,  4k,  ... 

c  2k  — c  4k  —  c 
=>  t - — ,  - ,  - ,  ... 

b  b  b 

2k 

The  smallest  time  interval  is  T  =  — .  Hence  the 
correct  choice  is  (b).  ® 

15.  From  Newton’s  second  law  of  motion,  F  =  — 

dt 


17.  The  distance  travelled  by  the  body  from  time  t  = 
0  to  t  =  tx  is  given  by 


(a) 


a 

(b) 

2  a 

— -  cos  c 

— j  sin  c 

mb 1 

mb 

2 

a 

(d) 

2a" 

—  cos  c 

-  sin  c 

mb 

mb 

=  m 


dv 

dt 


Thus  m  —  =  a  cos  (bt  +  c ) 
dt 


=>  dv  =  —  cos  {bt  +  c)dt 
m 

t 

a  r  a 

:.  v  =  —  cos  ( bt  +  c)dt  =  —  sin  (bt  +  c)  (i) 

wi  *  mbi 


0 


Since  the  maximum  value  of  sin(Ztf  +  c)  =  1, 
a 

v  =  — . 

max  i  • 

mb 

Hence  the  correct  choice  is  (a). 


16.  From  Eq  (i)  it  follows  that  v  =  0  at  values  of  t 
given  by  sin(6?  +  c)  =  0  or  {bt  +  c)  =  0,  k,  2  k,  ... 
C  K-C  2 K-C 

or  t  = - ,  - ,  - .  Therefore, 

b  b  b 

?,  =  — — -  -  (--)  =  — ,  which  is  choice  (d). 

1  b  \  bl  b 


17.  Now  v  =  — 
dt 


dx  =  v  dt.  Therefore,  the  distance 
moved  between  t  =  0  and  t  =  tx  is 


x  = 


1  ci  1 

|  vdt  =  — —  |  sin  {bt  +  c)dt 


a 

mb 2 
a 

mb2 

a 


cos  {btl  +  c) 


cos 


/  n 
bx  — he 

b 


.  .  ucosc 

- J  COS{K  +  C)  =  - T- 

mb~  mb 


Hence  the  correct  choice  is  (a). 


m- 1 


Questions  18  to  20  are  based  on  the  following  passage 
Passage  VI 

Three  masses  mi  =  m,  m2  =  2  m  and 
w3  =  3  m  are  hung  on  a  string  passing 
over  a  frictionless  pulley  as  shown  in 
Fig.  5.104.  The  mass  of  the  string  is 
negligible.  The  system  is  then  released. 

18.  If  a j,  a2  and  a3  are  the  ac¬ 
celerations  of  masses  mu  m2 
and  m2  respectively,  then 

(a)  a1  <  a2  <  a2 

(b)  ax  >  a2>  a2 


m2 


m  3 


Fig.  5.104 


(c)  ax>  a2  =  a3  (d)  ax=  a2  =  a3 

19.  The  tension  in  the  string  between  masses  m2  and 
;w3  is 

(a)  mg  (b)  3  mg 

5  mg 


(c)  4  mg 


(d) 


20.  The  tension  in  the  string  between  masses  mi  and 
m2  is 

2mg 


(a)  4  mg 

(O  ^ 


Ibl 

J 

(d)  2  mg 


SOLUTION 


18.  When  the  masses  are  released,  mass  mx  moves 
upward  and  masses  m2  and  m3  move  downward 
with  a  common  acceleration  given  by 


{m2+m2-ml)g  _  {2m  +  3m  —  m)g  _  2 g 
(»7|  +  m2  +  w3)  (m  +  2m  +  3m)  3 

The  correct  choice  is  (d). 
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19.  The  let  T  be  the  tension  in  the  string  between  ml 
and  m2  and  T'  be  the  tension  in  the  string  between 
m2  and  m3  [see  Fig.  5.105  (a)].  Figure  5.105  (b) 
shows  the  free-body  diagram  of  mass  m3. 


m2  g  —  T'  =  m3a 


m39 

mi  9 

(b) 

(c) 

=>  T'  =  m3(g  -  a)  ~  3  m  X  \g  -  —  1  =  mg 

Flence  the  correct  choice  is  (a). 

20.  Figure  5.105(c)  shows  the  free-body  diagram  of 
mass  Wj. 

T  —  mxg  =  mxa 

=>  T  =  rnx{g  +  a)  =  m  X  ^ j  = 

Flence  the  correct  choice  is  (c). 


Fig.  5.105 


Questions  21  to  23  are  based  on  the  following  passage 
Passage  VII 

Three  blocks  of  masses  mi  =  m,  m2  =  2m  and  m3  =  3m 
connected  by  two  strings  are  placed  on  a  horizontal 
frictionless  surface  as  shown  in  Fig.  5.106.  A  horizontal 
force  F  is  applied  to  mass  mi  as  shown. 


m2 

Fig.  5.106 

21.  The  common  acceleration  of  the  blocks  is 


(a)  - 

m 


(b)  — 
3  m 


(c)  £ 

,d)  £ 

The  force  on  mass  m2  is 

«T 

(b)  2  F 

2  F 
(c)  — 

3 

(d)  F 

The  force  on  mass  m3  is 

,)f 

(a)  F 

(c)  - 
3 

< 

SOLUTION 

21.  If  F2  and  F,  are  the  forces  on  masses  m2  and  m2 
respectively,  then  the  free-body  diagrams  of  mx, 
m2  and  w3  are  as  shown  in  Fig.  5.107  where  a 
is  the  common  acceleration  of  the  system. 

F>— H  Fi 

m3  m2  m i 

Fig.  5.107 

F  -  F2=  mxa  (1) 

F2~  Fl=  m2a  (2) 

F3  =  m3a  (3) 


Adding  Eqs.  (1),  (2)  and  (3)  we  get 

F  _  F  F 

(?Wj  +  m2  +  ?n3)  ( m  +  2m  +  3m)  6m 

Flence  the  correct  choice  is  (d). 

22.  Adding  Eqs.  (2)  and  (3)  we  have 

F  5  F 

F2  =  (m2  +  m2)a  =  (2m  +  3  m)  x  —  =  — , 

6m  6 

which  is  choice  (a). 

23.  From  Eq.  (3),  we  have 

F  F 

F-,  =  3m a  =  3m  x  —  =  — 

6m  2 

Hence  the  correct  choice  is  (b). 
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Questions  24  to  26  are  based  on  the  following  passage 
Passage  VIII 

Two  blocks  of  masses  ml  =  m  and  m2  =  2  m  are  connected 
by  a  light  string  passing  over  a  frictionless  pulley.  The 
mass  W7[  is  placed  on  a  smooth  inclined  plane  of  inclination 
9  =  30°  and  mass  m2  hangs  vertically  as  shown  in  Fig.  5.108. 


m2  =  2m 


24.  If  the  system  is  released,  the  blocks  move  with 
an  acceleration  equal  to 


<•>! 

SOLUTION 


(b)  - 
3 


24.  Since  the  inclined  plane  is  smooth  and  m2  >  mx, 
block  m  [  will  up  the  plane  and  block  m2  will 
move  vertically  with  a  common  acceleration  a. 
If  T  is  the  tension  in  the  string,  the  free-body 
diagrams  of  masses  ml  and  m2  are  as  shown  in 
Fig.  5.109 

IT 


m2g 

Fig.  5.109 

The  equations  of  motion  of  the  blocks  are 

T  —  mxg  sin  9  =  mxa  (1) 

and  nijg  —  T  =  m2a  (2) 

Equations  (1)  and  (2)  give 


<c)  I 


(d)  g 


25.  If  the  system  is  released  the  tension  in  the  string  is 

3  mg 


(a)  mg 
(c)  2 mg 


(b) 

(d) 


2 

2  mg 


26.  If  the  inclined  plane  was  rough,  it  was  found  that 
when  the  system  was  released,  block  mx  remained 
at  rest.  The  frictional  force  between  block  m]  and 
the  inclined  plane  is 


(a) 


(c) 


3  m g 

~Y~ 

4mg 


(b)  3  mg 
(d) 


(m2  -  m{  sin  6)g  _  (2;;7-;77Xsin30°)g  _  g 

(777j  +  m2  )  ( 777  +  2m)  2 

Hence  the  correct  choice  is  (c). 

25.  From  Eqs.  (1)  and  (2),  we  get 

g) 


T  =  m2(g  -  a)  =  2m  x  ^g  -  -  j  =  mg 

Hence  the  correct  choice  is  (a). 

26.  Since  the  blocks  remain  at  rest,  the  equations  of 
motions  of  blocks  777,  and  m2  are  (here  /  is  the 
frictional  force  on  777  x) 

T  -  mxg  sin  9  -  /=  0 
and  T  =  mjg 

These  equations  give 

/=  ?77 2g  -  777  ,g  sin  9 
=  2  777  x  g  -  777  x  g  x  sin  30° 
mg  3  mg 

=  2  mg - =  - , 

2  2 

which  is  choice  (b). 


Questions  27  to  29  are  based  on  the  following  passage 
Passage  IX 

Two  blocks  of  masses  mx  =  3  m  and  m2  =  2  m  are  suspended 
from  a  rigid  support  by  two  inextensible  uniform  wires 


A  and  B.  Wire  A  has  negligible  mass  and  wire  B  has  a 
mass  7773  =  777,  as  shown  in  Fig.  5.110.  The  whole  system 
of  blocks,  wires  and  the  support  have  an  upward 
acceleration  a. 
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Support 


SOLUTION 


The  tension 

at 

the  mid- 

■point  C  of  wire  B 

is 

(a)  ~  m(g 

+ 

a) 

(b)  |  m(g  - 

-  a ) 

(c)  ^m(g 

+ 

a) 

(d)  ^  77?(g  - 

t-  a ) 

The  tension 

at 

point  0 

of  wire  B  is 

(a)  3 m(g  + 

a ) 

(b)  377?(g- 

a ) 

(c)  2m(g  + 

a ) 

(d)  2m(g 

a ) 

The  tension 

at 

the  mid- 

■point  D  of  wire  A 

is 

(a)  2m(g  + 

a ) 

(b)  477?(g- 

a ) 

(c)  6m(g  + 

a) 

(d)  877?(g- 

a ) 

27.  Refer  to  Fig.  5.111.  Let  T 
be  the  tension  at  the  mid¬ 
point  C  of  wire  B.  Then 


T~  \m2+Y  Jg 


777-5 


777-5 


which  is  choice  (d). 


T  =  nh  +CT  \(g+a) 


Jfl 

=  I  2m  +  ~  |  (g  +  a) 


=  -  m(g  +  a), 


Fig.  5.111 


28. 


29. 


Let  Tx  be  the  tension  in  wire  A.  Since  this  wire 
has  negligible  mass,  the  tension  is  the  same 
(=  T| )  at  every  point  on  this  wire.  Let  T2  be  the 
tension  at  point  O  of  wire  B.  Then,  we  have  for 
wire  A. 

T\~  T2~  mXg  =  77?i<3  (1) 

where  T2  is  given  by 

T2  ~  0*2  +  mi)g  =  0*2  +  nh)a 

=>  T2=  (m2  +  777 3 )  (g  +  a) 

=  (2m  +  777 )  (g  +  a)  =  3m(g  +  a) 

Hence  the  correct  choice  is  (a). 

Putting  T2  =  2m(g  +  a)  in  Eq.  (1),  we  get 
T{  =  6  777 (g  +  a). 

Hence  the  correct  choice  is  (c). 


0 

Matching 


1. 


Three  blocks  of  masses  77?!  =  3  m,  m2  =  2  m  and  m3  =  m  are  placed  in 
contact  on  a  horizontal  frictionless  surface  as  shown  in  Fig.  5.112.  A 
horizontal  force  F  is  applied  to  m1  as  shown.  Match  items  in  column  I 


with  those  in  column  II 

Column  I  Column  II 

(a)  Force  acting  on  m2  if  F  =  12  N  (p)  1  N 

(b)  Force  acting  on  m2  if  F  =  6  N  (q)  3  N 

(c)  Force  acting  on  m2  if  F  =  12  N  (r)  2  N 

(d)  Forcer  acting  on  m2  if  F  =  6  N  (s)  6  N 


Fig.  5.112 
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SOLUTION 


The  contact  forces  acting  on  m2  and  m2  respectively  are 

{m2  +  m3)F 


and 


F2  = 


F,= 


(m]  +  m2  +  m3 ) 
m3F 


2. 


(»7j  +m2  +m3) 

Hence  the  correct  matching  is  as  follows 

(a)  -4  (s)  (b)  -4  (q) 

(c)  ->  (r)  (d)  ->  (p) 

Two  blocks  of  masses  M  =  5  kg  and  m  =  3  kg  are  placed  on  a  horizontal  surface  as  shown  in  Fig.  5.113. 
The  coefficient  of  friction  between  the  blocks  is  q,  =  0.5  and  that  between  the  blocks  M  and  the  horizontal 
surface  is  ji2  =  0.7.  Taking  g  =  10  ms~2 

Column  I 


(a)  Frictional  force  between  the  blocks 

(b)  Acceleration  of  the  upper  block 

(c)  The  maximum  horizontal  force  Fmax 
applied  to  M  so  that  the  two  blocks 
move  together  without  slipping. 

(d)  The  common  acceleration  of  the 
blocks  if  F  =  32  N. 


match  items  in  column  I  with  those  in  column  II 

Column  II 

(p)  5  ms~2  m 


SOLUTION 

(a)  Force  of  frictional  between  blocks  =  fX^ng  =  0.5  x  3  x  10  =  15  N. 

(b)  Acceleration  of  the  upper  block  of  mass  m  is  a  =  jj , mg/m  =  fxxg  =  0.5  x  10  =  5  ms~2. 

(c)  The  force  of  friction  between  block  M  (with  block  m  placed  on  top  of  it)  and  the  horizontal  surface  = 
(M  +  m)jx2g  =  (5  +  3)  x  0.7  x  10  =  56  N 

The  two  blocks  will  move  together  if  the  acceleration  of  the  lower  block  does  not  exceed  a  =  5  ms  2.  The 
force  due  to  this  acceleration  =  ( M  +  m)a  =  (5  +  3)  X  5  =  40  N 

.'.  Maximum  horizontal  force  Fmax  =  56  +  40  =  96  N 

(d)  If  F  =  32  N,  the  common  acceleration  of  the  blocks  is 

,  F  32  _2 

(M  +  m)  (5  +  3) 

Hence  the  correct  matching  is  as  follows: 

(a)  ->  (s)  (b)  ->  (p) 

(c)  ->  (q)  (d)  ->  (r) 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  four 
choices  out  of  which  only  one  choice  is  correct 


(a)  Statement- 1  is  true,  Statement-2  is  true  and 
Statement-2  is  the  correct  explanation  for  State¬ 
ment-1. 
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(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  true;  Statement-2  is  false. 

(d)  Statement- 1  is  false;  Statement-2  is  true. 

1.  Statement-1 

A  block  is  pulled  along  a  horizontal  frictionless 
surface  by  a  thick  rope.  The  tension  in  the  rope  will 
not  always  be  the  same  at  all  points  on  it. 

Statement-2 

The  tension  in  the  rope  depends  on  the  acceleration 
of  the  block-rope  system  and  the  mass  of  the  rope. 

2.  Statement-1 

A  truck  moving  on  a  horizontal  surface  with  a 
uniform  speed  u  is  carrying  sand.  If  a  mass  Am 
of  the  sand  Teaks’  from  the  truck  in  a  time  At, 
the  force  needed  to  keep  the  truck  moving  at  its 
uniform  speed  is  u  Ami  At. 

Statement-2 

Force  =  rate  of  change  of  momentum. 

3.  Statement-1 

Two  blocks  of  masses  m  and  M  are  placed  on  a 
horizontal  surface  as  shown  in  Fig.  5.114.  The 
coefficient  of  friction  between  the  two  blocks  is  yt/1 
and  that  between  the  block  M  and  the  horizontal 
surface  is  yU2.  The  maximum  force  that  can  be 
applied  to  block  M  so  that  the  two  blocks  move 
without  slipping  is  F  =  (/./,  +  /u2)  {M+  m)g. 


m 


Fig.  5.114 

Statement-2 

Maximum  force  =  total  mass  x  maximum 

acceleration. 

4.  Statement-1 

A  shell  of  mass  m  is  at  rest  initially.  It  explodes  into 
three  fragments  having  masses  in  the  ratio  2:2:1. 
The  fragments  having  equal  masses  fly  off  along 
mutually  perpendicular  directions  with  speed  v. 


The  speed  of  the  third  (lighter)  fragment  will  be  2 
yfl  v. 

Statement-2 

The  momentum  of  a  system  of  particles  is  conserved 
if  no  external  force  acts  on  it. 

5.  Statement-1 

The  maximum  value  of  force  F  such  that  the  block 
shown  in  Fig.  5.115  does  not  move  is  mg/ cos  9, 
where  /u  is  the  coefficient  of  friction  between  the 
block  and  the  horizontal  surface. 


Fig.  5.115 

Statement-2 

Frictional  force  =  coefficient  of  friction  x  normal 

reaction. 

6.  Statement-1 

A  ball  of  mass  m  is  moving  towards  a  batsman  at  a 
speed  v.  The  batsman  strikes  the  ball  and  deflects 
it  by  an  angle  9  without  changing  its  speed.  The 
impulse  imparted  to  the  ball  is  zero. 

Statement-2 

Impulse  =  change  in  momentum 

7.  Statement-1 

A  cloth  covers  a  table.  Some  dishes  are  kept  on  it. 
The  cloth  can  be  pulled  out  without  dislodging  the 
dishes  from  the  table. 

Statement-2 

For  every  action  there  is  an  equal  and  opposite 
reaction. 

<  IIT,  2007 

8.  Statement-1 

When  a  ball  dropped  from  a  certain  height  hits  the 
floor,  it  exerts  a  force  equal  to  the  rate  of  change  of 
momentum. 

Statement-2 

The  floor  does  not  move  because  the  action  and 
reaction  forces,  being  equal  and  opposite,  cancel 
each  other. 


ANSWERS/SOLUTIONS 

1.  The  correct  choice  is  (a). 

2.  The  correct  choice  is  (d).  The  force  exerted  by 
the  leaking  sand  on  the  truck  =  rate  of  change  of 
momentum  =  u  Am! At.  The  sand  falling  vertically 


downwards  will  exert  this  force  on  the  truck  in 
the  vertically  upward  direction.  This  perpendicu¬ 
lar  force  can  do  no  work  on  the  truck.  Since  the 
truck  moves  with  a  uniform  velocity,  the  force 
exerted  just  overcomes  the  frictional  force. 
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3. 


4. 


The  correct  choice  is  (c).  The  force  of  friction 
between  block  m  and  block  M  =  mg,  where 
/ul  is  the  coefficient  of  friction  between  the  two 
blocks.  Now,  the  force  of  friction  between  block 
M  (with  block  m  on  top  of  it)  and  the  horizontal 
surface  =  p2(M  +  m)g,  where  fi2  is  the  coefficient 
of  friction  between  block  M  and  surface.  The 
maximum  force  F  applied  to  block  M  must  be 
enough  to  overcome  this  force  of  friction  and 
the  force  due  to  acceleration  of  the  system.  If 
the  acceleration  of  the  system  is  a  then  this  force 
=  ( M  +  m)a.  Thus 

F  =  ( M  +  m)a  +  m~,{M  +  m)g  (i) 

Now,  since  the  force  on  block  m  is  p l mg,  its  ac¬ 
celeration  a  is 

force  on  mass  m  P  i  mg 
a  =  -  =  -! -  =  fitg  (n) 

mass  777  777 

Using  (ii)  in  (i)  we  get 

F  =  jd\{M  +  m)g  +  f. i2(M  +  m)g 

=  (P\  +  A h)  ( M  +  m)g 

The  correct  choice  is  (a).  The  mass  of  two  frag¬ 
ments  of  equal  masses  =  each.  The  mass 


5. 


6. 


7. 


of  the  lighter  fragment  =  — .  The  momenta  of 


heavier  fragments  are  p  = 
momenta  p  and  p  is 


2mv 


.  The  resultant  of 


P' =  ip2  +  P2)m  =  V2 } 


From  the  principle  of  conservation  of  momentum, 
the  momentum  of  the  third  (lighter)  fragment  of 

mass  y  must  be  p  but  opposite  in  direction. 

Thus,  if  V  is  the  speed  of  the  lighter  fragment, 
we  have 

OIL  .  Tip- 

5^5 

or  V  =  2  'Jl  v 

The  correct  choice  is  (a).  The  component  of  F 
parallel  to  the  horizontal  surface  is  F  cos  d.  F 
will  be  maximum  when  F  cos  0  just  overcomes 
the  frictional  force  /=  ping.  Thus 


/;,mx  cos  e  =  pmg  =>  Fmix  =  - - 

COS0 

The  correct  choice  is  (d).  Refer  to  the  solution 
of  Q.27  of  section  f. 

Statement- 1  follows  the  Newton’s  first  law  of 
motion  also  called  the  law  of  inertia.  The  dishes 
are  not  dislodged  even  when  the  cloth  is  suddenly 
pulled  because  the  dishes  have  the  inertia  of  rest. 
Statement-2  is  Newton’s  third  law  of  motion,  it 
does  not  explain  statement- 1.  Hence  the  correct 
choice  is  (b). 

The  assertion  is  true  but  the  reason  is  not  correct 
because  action  and  reaction  forces  do  not  act  on 
the  same  body  and  hence  do  not  cancel  each 
other.  Hence  the  correct  choice  is  (c). 


Integer  Answer  Type 


1.  The  magnitude  of  force  /  (in  newton)  acting  on  a 
body  varies  with  time  t  (in  millisecond)  as  shown  in 
Fig.  5.1 16.  Find  the  magnitude  of  the  total  impulse 
(in  Ns)  of  the  force  on  the  body  from  t  =  4  ms  to 
t  =  16  ms. 

<  IIT,  1994 


2.  A  block  of  mass  0.2  kg  is  held  against  a  wall  by 
applying  a  horizontal  force  of  5  N  on  the  block. 
The  coefficient  of  friction  between  wall  and  block 
is  0.5.  Find  the  magnitude  (in  newton)  of  the  fric¬ 
tional  force  acting  on  the  block.  Take  g  =  10  ms~2. 

<  IIT,  1995 

3.  Block  A  of  mass  m  and  block  B  of  mass  2m  are 
placed  on  a  fixed  triangular  wedge  by  means  of  a 
massless  string  and  a  frictionless  pulley  as  shown 
in  Fig.  5.117.  The  coefficient  of  friction  between 
block  A  and  the  wedge  is  2/3  and  that  between 
block  B  and  the  wedge  is  1/3.  If  the  blocks  are 
released  from  rest,  find  the  acceleration  of  block  A 
(in  ms-2). 

<  IIT,  1997 


Fig.  5.116 
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4.  A  piece  of  uniform  string  hangs  vertically  so  that 
its  free  end  just  touches  the  horizontal  surface  of  a 


SOLUTIONS 


table.  The  upper  end  of  the  string  is  now  released. 
At  any  time  during  the  falling  of  the  string,  the 
total  force  on  the  surface  of  the  table  is  n  times  the 
weight  of  the  part  of  the  string  lying  on  the  surface. 
Find  the  value  of  n. 

<  IIT,  1989 

5.  A  uniform  rope  of  mass  M  and  length  L  is  pulled 
by  a  constant  force  of  10  N.  Find  the  tension  (in 
newton)  in  the  rope  at  a  point  at  a  distance  LI 5  from 
the  end  where  the  force  is  applied. 

<  IIT,  1978 


1.  Impulse  from  t  =  4  ms  to  t  =  1 6  ms  =  area  under  the 
F—t  graph  =  area  of  EBCD 

=  area  of  trapezium  EBCF  +  area  of  A  CDF 

*  |  x  (200  +  800)  N  x  (2  x  1(T3  s) 

+  i  x  800  N  x  (10  x  1(T3  s) 
=  1  +  4  =  5  Ns 

2.  Normal  reaction  R  =  5  N. 

At  equilibrium,  the  force  of  friction  =  weight  of  the 
block  (see  Fig.  5.118) 


n 

1 

R 

^ - Wall 

r 

OC  v  cl  M 

0  IN 

I 

1 

m 

9 

Fig.  5.118 

=  mg  =  0.2  x  10  =  2  N 

3.  Case  (a):  Let  us  assume  that  block  A  moves  up  the 
plane  and  block  B  moves  down  the  plane.  The  free 
body  diagrams  of  the  blocks  are  as  follows  (See 
Fig.  5.119) 


The  equations  of  motion  of  blocks  A  and  B  are 
T  -  mg  sin  45°  -  mg  cos  45°  =  ma,  where 
/lA  =  2/3  and  2  /ug  sin  45°-  fiB  2  mg  cos  45°  -  T 
=  2  ma,  where  /uB  =1/3. 

Adding  these  equations  and  solving  we  get 


a  =  - 


g 

9V2 


Case  (b):  If  we  assume  that  block  A  moves  down 

lg 

and  block  B  moves  up,  we  would  get  a  = 


9V2 


Thus  in  both  cases,  the  acceleration  has  a  negative 
value  which  implies  that  the  blocks  will  deceler¬ 
ate.  This  is  not  possible  because  the  blocks  start 
from  rest.  Hence  when  the  blocks  are  released,  they 
move  with  zero  acceleration.  Thus  acceleration  of 
block  A  =  0. 

4.  Let  x  be  the  length  of  the  string  lying  on  the  surface 
of  the  table  at  an  instant  of  time  t.  If  an  additional 
length  dx  of  the  string  falls  on  the  surface  in  time 
dt,  the  velocity  v  of  this  element  when  it  strikes  the 
surface  is  given  by  ( v  u  =  0) 

v2  =  u 2  +  2  gx  =  0  +  2  gx 


v2  =  2  gx 


or 


(1) 


Laws  of  Motion  and  Friction  5.61 


The  total  force  on  the  surface  is 
F  =  rate  of  change  of  momentum  of  element  of 
length  dx  +  weight  of  a  length  x  of  the  string  lying 
on  the  table. 

If  m  is  the  mass  per  unit  length  of  the  string,  then 


„  d  dx 

t  =  — ( mdxv )  +  mxg  =  mv — 
dt  dt 

2 

+  mxg  =  mv  +  mxg 


■:v  =  - 


(2) 

dx 

dt 


Using  (1)  in  (2)  we  get 

F  =  2  mgx  +  mgx  =  3  mgx 

But  mx  =  M,  the  mass  of  the  string  lying  on  the 
table.  Hence 

F=  3  Mg 
n  =  3. 


Thus 


M 


5.  Mass  per  unit  length  of  the  rope  is  m  =  —  .  Let  us 

find  the  tension  at  point  P  at  a  distance  x  from  the  end 

x  =  0.  Let  T  be  the  tension  in  the  rope  at  point  P. 

APB 
i  »  i - *~x 


x  =  0 


x  =  L 


(L-x)- 


For  part  AP  the  tension  is  towards  the  positive 
x-direction  and  for  part  BP  the  tension  is  towards 
the  negative  x-direction.  If  a  is  the  acceleration  pro¬ 
duced  in  the  rope  by  the  constant  force  F,  then  for 
part  AP, 

T  =  (mass  of  AP)  x  a  or  T  =  mxa  (1) 


For  part  BP,  we  have 
F  -  T  =  (mass  of  BP)  x  a  =  m(L  -  x)a 
T 

From  (1),  we  have  a  =  — 
mx 

Using  this  in  (2),  we  get 


F  —  T  =  m(L  —  x)  X 


T 

mx 


(L  -  x)T 
x 


(2) 


or 


F=  T 


(L-x) 


+  1 


L  ^  Fx 
=  T  —  or  T  =  — 
x  L 


At 


r  L  4L 
x  =  L  -  —  =  — , 
5  5 


T~  F  x  41  -  4F 

~  T  T ~ T 


4x10 

5 


=  8  N 


Fig.  5.120 


REVIEW  OF  BASIC  CONCEPTS 

6.1  ;  WORK _ 

1.  Work  done  by  a  Force 


force  F  in  moving  the  body  from  a  position  rx  to  a  position 
r2  is  given  by 

'2 

W  =  |  F  dr  =  area  under  the  (F  -  r )  graph 

n 


(a)  Work  done  by  a  constant  force 

When  a  constant  force  F  acting  on  a  body  produces  a 
displacement  S,  then  the  work  done  by  the  force  is  given  by 
W  =  F-S  =  FS  cosO 

where  0  is  the  angle  between  the  force  vector  F  and  the 
displacement  vector  S  [see  Fig.  6.1].  F  and  S  are  the 
magnitudes  of  F  and  S  respectively. 

F  F 


Fig.  6.1 

(i)  If  9  is  acute,  cos0  is  positive.  Hence  work  is  posi¬ 
tive  for  acute  G.  In  this  case  the  force  increases  the 
speed  of  the  body. 

(ii)  If  6  =  90°,  W  =  0,  i.e.  if  the  force  is  perpendicular 
to  displacement  work  done  by  the  force  is  zero. 

(iii)  If  0  is  obtuse,  W  is  negative.  In  this  case  the  force 
decreases  the  speed  of  the  body. 

(iv)  If  0  =  0,  i.e.  force  F  is  in  the  same  direction  as 
displacement  S,  then  W=  FS 

(v)  If  0  =180°  force  F  is  opposite  to  S  (example  fric¬ 
tional  force),  W  =  FS.  Work  done  by  frictional  and 
viscous  force  is  always  negative. 

(b)  Work  done  by  a  variable  force 

Suppose  a  force  F  is  not  constant  but  depends  on  the 
position  vector  r  of  the  body,  then  the  work  done  by  the 


EXAMPLE  6.1 


A  box  is  dragged  on  a  horizontal  floor  by  a  rope  which 
makes  an  angle  of  60°  with  the  horizontal.  Find  the 
work  done  if  a  force  of  150  N  is  applied  to  drag  the 
box  through  a  distance  of  1 0  m. 


SOLUTION 


W  =  FS  cose 

=  150  x  10  x  cos  60°  =  750  J 


EXAMPLE  6.2 


A  horizontal  force  F  pulls  a  20  kg  box  at  a  constant 
velocity  along  a  horizontal  floor.  If  the  coefficient  of 
friction  between  the  box  and  the  floor  is  0.25,  find 
ii  the  work  done  by  force  F  in  moving  the  box  through 
a  distance  of  2  m. 


SOLUTION 


Since  the  box  is  moved  at  a  constant  velocity,  the 
applied  force  F  just  overcomes  the  frictional  force 
/i.e. 

F  =  f=  ,Limg 

Work  done  W  =  FS  cos  G  =  gungS  cos  0° 

=  0.25  x  20  x  9.8  x  2  =  98  J 


EXAMPLE  6.3 


I  A  block  of  mass  m  =  5  kg  slides  down  from  the  top 
of  an  inclined  plane  of  inclination  G  =  30°  with  the 
horizontal.  The  coefficient  of  sliding  friction  between 
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the  block  and  the  plane  is  0.25.  The  length  of  the  plane 
is  2  m.  Find  the  work  done  by  the  (a)  gravitational 
force,  (b)  frictional  force  and  (c)  normal  reaction  if 
the  block  slides  to  the  the  bottom  of  the  plane. 


SOLUTION 


Refer  to  Fig.  6.2. 


Fig.  6.2 

Displacement  S  =  AB  =  2  m  from  A  to  B. 

(a)  Angle  between  F  and  S  is  (90°  -  6)  =  90°  -  30° 
=  60° 

.•.  Work  done  by  gravitational  force  is 
Wx  =  FS  cos  60°  =  mgS  cos  60° 

=  5  x  9.8  x  2  x  —  =  49  J 
2 

(b)  Work  done  by  frictional  force  is 

W2=fS  cos  180° 

=  -fS  =  -  vRS 
=  -  jdmg  (cos  0)S 
=  -  0.25  x  5  x  9.8  x  cos  30°  x  2 
=  -  21.2  J 

(c)  Since  the  normal  reaction  R  is  perpendicular  to 
displacement  S,  work  done  by  normal  reaction 
is 

W3  =  RS  cos  90°  =  0 


EXAMPLE  6.4 


A  block  of  mass  m  =  2  kg  is  raised  vertically  upwards 

by  means  of  a  massless  string  through  a  distance  of 

—2 

S  =  4  m  with  a  constant  acceleration  a  =  2.2  ms  . 
Find  the  work  done  by  (a)  tension  and  (b)  gravity. 
Also  find  the  net  work  done  on  the  block. 


SOLUTION 


1(a)  From  the  free  body  diagram  (Fig.  6.3) 
T  —  mg  =  ma 

=>  T=m(a  +  g ) 


=  2  x  (2.2  +  9.8)  =  24  N 
.'.  Work  done  by  tension  is  (v  T  T 

and  S  are  in  the  same  direction) 

Wx  =  TS  cos  0° 

=  24  x  4x  1  =96  J  i 

s  a 

(b)  Since  the  gravitational  force  mg 

and  displacement  S  are  in  op¬ 
posite  directions,  work  done  by 
gravity  is  m9 

W2  =  mgS  cos  180°  Fig.  6.3 
=  -2x9.8x4=  -  78.4  J 

(c)  Net  work  done  W =  Wx  +  W2  =  96  -  78.4  =  17.6  J 


EXAMPLE  6.5 


A  block  of  mass  m  =  2  kg  in  suspended  by  a  light 
string  from  the  ceiling  of  a  lift.  The  lift  starts  mov¬ 
ing  down  with  an  acceleration  a  =  1.8  ms~2.  Find  the 
work  done  by  the  tension  in  the  string  during  the  first 
5  seconds. 


SOLUTION 


Tension  T  =  m(g-a)  =  2  x  (9.8  -  1.8)  =  16  N 
Distance  moved  in  t  =  5  s  is 

S=  -  at 2  =  —  x  1.8  x  (5)2 
2  2 

=  22.5  m 

Since  the  tension  and  displacement  are  in  opposite 
directions,  the  work  done  by  tension  is 
W=  TS  cos  180° 


=  -  TS  =  -  16  x  22.5  =  -  360  J 


EXAMPLE  6.6 


A  A 

A  constant  force  F  =  (2  i  +  3  j)  newton  displaces 

A  A 

a  body  from  position  rj  =  (4  i  —  5  j )  metre  to 

A  A 

r2=  (i  +  3  j)  metre.  Find  the  work  done  by  the  force. 


SOLUTION 


Displacement  S  =  r2  —  rj 


=  (i  +3  j)  —  (4  i  -5  j)  =  — 3  i  +  8j 


r=F.S=  (2i  +3  j)-(-3i  +8  j) 
=  -  6  +  24  =  18  J 


A  A  A  A 


[•••  i  •  i  =  j  •  j  =  1  and  i  •  j  =  0] 


Work,  Energy  and  Power  6.3 


EXAMPLE  6.7 


A  body  of  mass  m  =  0.5kg  travels  in  a  straight  line 
with  a  velocity  v  =  5.r /2  where  v  is  in  ms-1  and  x  is 
in  metre.  Find  the  work  done  in  displacing  the  body 
from  x  =  0  to  x  =  2  m. 


SOLUTION 


a  = 


Work  done  W  = 


EXAMPLE  6.8 


I  A  block  of  mass  5  kg  slides  down  from  the  top  of 
an  inclined  plane  of  angle  of  inclination  30°.  The 
coefficient  of  sliding  friction  between  the  block  and 
the  plane  is  0.3.  The  length  of  the  plane  is  2  m.  Find 
work  done  by  (a)  by  gravity,  (b)  frictional  force  and 
(c)  normal  reaction. 


SOLUTION 


Acceleration 


dv  _  d 
dt  dt 


K 2 ) 


5  x  —  x1/2  — 
2  dt 


15  1/2 

—  X  X 
2 

75  2 

—  X 
2 

x—2 


(5x-) 


dx 

dt 


■  =  v 


J  Fdx  =  |  madx 


x=0 


75  r  7 
0.5  x  —  jx2dx 


75 

0.5  x  — x 
2 


0.5x75 
2x3 
50  J 


(8-0) 


Displacement  S  =  2  m  down  the  inclined  plane. 

(a)  Work  done  by  gravity  =  mg  sin  61  x  AB  =  (mg  sin  61)  S 

=  5  x  9.8  x  sin  30°  x  2 
=  49  J 

(b)  Work  done  by  friction  =/ S  cos  1 80° 

=  -fs 

=  -  pRS 

=  -  pmg  cos  9  X  S 
=  -  0.3  x  5  x  9.8  x  cos  30°  x  2 
=  -  14.7  V3  =  -  25.5  J 

(c)  Work  done  by  nonnal  reaction  =  RS  cos  90°  =  0 

(vRTS) 


6.2  I  ENERGY _ 

Energy  can  be  defined  as  the  capacity  or  ability  to  do  work 
and  is  measured  by  the  amount  of  work  a  body  can  do.  So, 
energy  is  measured  in  the  same  units  as  work,  namely, 
joule.  Like  work,  energy  is  a  scalar  quantity. 

Energy  can  exist  in  various  forms,  such  as  heat  energy, 
electrical  energy,  sound  energy,  light  energy,  chemical 
energy,  nuclear  energy,  mechanical  energy,  etc.  Mechanical 
energy  is  of  two  types,  kinetic  and  potential. 

Kinetic  Energy:  Energy  due  to  Motion  A  moving 
object  can  do  work  on  another  object  when  it  strikes  it.  In 
other  words,  an  object  in  motion  has  the  ability  to  do  work 
and,  by  definition,  has  energy.  The  energy  possessed  by  a 
body  by  virtue  of  its  motion  is  called  kinetic  energy. 

An  initially  motionless  body  can  move  and  acquire  a 
velocity  only  if  a  force  acts  on  it.  The  work  done  by  the 
force  in  causing  the  body  to  move  measures  the  kinetic 
energy  (written  as  KE)  of  the  moving  body,  i.e. 

KE  =  W 

The  kinetic  energy  of  a  body  of  mass  m,  moving  with  a 
velocity  v  is  given  by 

1  7 

KE  =  —  mv 2 

2 

This  relation  holds  even  if  the  force  is  variable,  i.e.  if 
the  force  varies  both  in  magnitude  and  direction. 
Work-Energy  Principle  Suppose  a  body  of  mass  m 
moves  with  an  initial  velocity  u.  A  force  F  acts  on  it,  as 
a  result  of  which  it  acquires  a  final  velocity  v.  The  work 
done  by  the  force  is  given  by 

W  =  J  Fdx  =  J  ma  dx 


u 


1  2  1  2 

=  —  mv  —  —  mu 
2  2 
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=  final  KE  -  initial  KE  =  change  in  KE 

Thus,  the  work  done  by  a  force  in  displacing  a  body 
measures  the  change  in  its  kinetic  energy.  This  is  the 
work-energy  principle. 

Thus,  when  a  force  does  work  on  a  body,  its  kinetic 
energy  increases;  the  increase  in  kinetic  energy  being  equal 
to  the  amount  of  work  done.  The  converse  of  this  is  also 
true.  When  the  kinetic  energy  of  a  body  is  decreased  by  a 
retarding  force,  the  decrease  is  equal  to  the  work  done  by 
the  body  against  the  retarding  force.  Thus  kinetic  energy 
and  work  are  equivalent  quantities  and  are,  therefore, 
measured  in  the  same  units,  namely,  joule. 

Potential  Energy:  Energy  due  to  Position  or 
Configuration  An  object  can  have  energy  not  only  by 
virtue  of  its  motion,  but  also  because  of  its  position  or 
configuration.  The  energy  possessed  by  a  body  owing  to  its 
position  or  configuration  is  called  potential  energy. 
Gravitational  Potential  Energy  An  object  held  at  a 
position  above  the  surface  of  the  earth  has  potential  energy 
by  virtue  of  its  position. 

Consider  a  body  of  mass  m.  It  is  lifted  vertically  to  a 
height  h  above  the  earth  by  applying  a  force  F  vertically 
upward.  The  force  F  must  be  just  enough  to  overcome 
the  gravitational  attraction,  i.e. 

F  =  mg 

where  g  is  the  acceleration  due  to  gravity  at  that  place. 
For  bodies  not  too  far  above  the  surface  of  the  earth,  the 
value  of  g  is  practically  constant.  Hence  the  work  done 
by  a  constant  force  F  in  displacing  a  body  by  a  height 
h  can  be  calculated  by  the  product  F  x  h  =  mgh.  Thus 
gravitational  potential  energy  of  a  body  of  mass  m  at  a 
height  h  above  the  surface  of  the  earth  is  mgh. 

Gravitational  PE  =  mgh 

Potential  Energy  of  a  Spring.  Consider  a  perfectly 
elastic  spring.  One  end  of  the  spring  is  fixed  to  a  rigid 
wall  and  other  end  is  fixed  to  a  block  which  is  placed  on 
a  frictionless  horizontal  surface  as  shown  in  Fig.  6.5.  We 
assume  that  the  mass  of  the  spring  is  negligible  compared 
to  the  mass  of  the  block. 


- x-axis 

1  x=  0 


Fig.  6.5 

If  we  stretch  the  spring  by  a  distance  x,  the  spring  will 
exert  a  force  on  us  during  stretching.  This  force  is  due  to 


the  reaction  of  the  spring  and  is  called  the  restoring  force 
which  is  proportional  to  the  displacement  x  and  acts  in  a 
direction  opposite  to  the  displacement,  i.e. 

F  o c  -  x  or  F  =  —  kx 

where  k  is  the  force  constant  of  the  spring.  The  negative 
sign  indicates  that  the  force  acts  in  a  direction  opposite  to 
displacement. 

To  stretch  a  spring  by  a  displacement  x,  we  must  exert 
a  force  F'  on  it,  equal  but  opposite  to  the  force  F  exerted 
by  the  spring  on  us.  Therefore,  the  applied  force  is 
F'  =  -F=kx 

Notice  that  F'  is  a  variable  force  as  it  depends  on  x. 
Therefore,  the  work  done  by  the  applied  force  in  stretching 
the  spring  through  a  distance  x  is  given  by 

X  X 

W  =  j  F'  dx  =  J  ( kx)dx 
0  0 


A'  |  x  dx  =  k 


=—  kx' 2 
2 


It  is  evident  that  the  work  done  in  compressing  the 

1  2 

spring  by  an  amount  x  is  also  given  by  IV  =  —  kx  . 


Law  of  Conservation  of  Energy 

The  total  energy  of  an  isolated  system  remains  constant, 
the  energy  can  only  change  from  one  form  to  another. 


EXAMPLE  6.9 


A  block  of  mass  0.5  kg  is  taken  from  the  bottom  of 
an  inclined  plane  to  its  top  and  then  allowed  to  slide 
down  to  the  bottom.  The  length  of  the  inclined  plane 
is  2.5  m  and  its  height  is  1.5  m.  The  coefficient  of 
friction  between  the  block  and  the  plane  is  0.2.  Find 

(a)  work  done  by  the  gravitational  force  over  the 
round  trip, 

(b)  work  done  by  the  applied  force  over  the  upward 
journey, 

(c)  work  done  by  the  frictional  force  over  the  round 
trip  and 

(d)  the  kinetic  energy  of  the  block  when  it  reaches 
the  bottom  of  the  plane.  What  conclusion  will 
you  draw  from  your  answers  to  (b),  (c)  and  (d)? 
Take  g  =  10  ms  2. 


SOLUTION 


Refer  to  Fig.  6.6. 

m  =  0.5  kg,  p  =  0.2,  /  (=  AC)  =  2.5  m  and  h(=  AB ) 
=  1.5  m 
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P-  A 


AC  2.5 


cos  0  =  \Jl  -  sin2  0  =  0.8 

(a)  Work  done  by  gravitational  force  to  take  the 
block  from  C  to  A  is 

M'l  =  (-  mg  sin  0)1 

The  negative  sign  indicates  that  the  gravitational 
force  mg  sin  0  is  opposite  to  the  displacement 
which  is  from  C  to  A .  Work  done  by  the  gravi¬ 
tational  force  to  move  the  block  from  A  to  C  is 
(because  now  the  gravitational  force  is  in  the 
direction  of  the  displacement) 

W2  =  (+  mg  sin  0)1 

Total  work  done  by  the  gravitational  force 
over  the  round  trip  is 

WG  =  W,  +  W2  =  0 

This  shows  that  gravitational  force  is  conserva¬ 
tive. 

(b)  Frictional  force /=  fJ.R  =  jxmg  cos  0 .  The  applied 
force  to  move  the  block  from  C  to  A  is 

F  =  mg  sin0  +  /=  mg  sin  61  +  umg  cos  0 
=  mg  (sin0  +  liicosQ) 

Work  done  by  applied  force  to  move  the  block 
from  C  to  A  is 

Wa  =  F  x  AC 

=  mg  (sin  0  +  /tcos  0)  X  / 

=  0.5  x  10  (0.6  +  0.2  x  0.8)  x  2.5 
=  9.5  J 

(c)  Friction  always  opposes  motion.  When  the  block 
is  moved  from  C  to  A,  frictional  force /is  oppo¬ 
site  to  direction.  Flence  work  done  by  frictional 
force  in  the  upward  journey  is 

W3=-fl 

When  the  block  slides  from  A  to  C,  f  acts  up¬ 
wards  along  the  plane  and  is  opposite  to  the  dis¬ 
placement.  Flence  work  done  by  frictional  force 
in  the  downward  journey  is 


wA  =  -fl 

Total  work  done  by  frictional  force  over  the 
round  trip  is 

Wf  =  W3+  W4  =  -2fl 
=  -  2  /M11g  cos  Oxl 
=  -  2  x  0.2  x  0.5  x  10  x  0.8  x  2.5 
=  -  4  J 

(d)  When  the  block  is  at  A,  its  initial  velocity  it  =  0. 
Let  v  be  the  velocity  when  it  reaches  C.  Since  / 
acts  upwards,  the  net  force  on  the  block  when  it 
slides  down  is 

F'  =  mg  sin#  -/  =  mg  (sin 0  -  u  cos 0) 
F' 

Acceleration  a  =  —  =  g  (sin#-  /ncosQ) 
m 

=  10  (0.6  -  0.2  x  0.8) 

=  4.4  ms~2 

2  2 

From  v  —  u  ==>  2  as,  we  have 
r-0  =  2x4.4x  2.5 
=>  v2  =  22  m2s~2 

1  , 

Kinetic  energy  at  C  =  —  mV 

=  —  x  0.5x22 
2 

=  5.5  J 

Conclusion 

Initial  kinetic  energy  at  A  =  0.  Therefore,  change  in 
K.E.=  5.5  -  0  =  5.5  J.  Now  total  work  done  is 
W=  WG+  Wa+  Wf 
=  0  +  9.5  -  4  =  5.5  J 

Thus,  work  done  =  change  in  kinetic  energy.  This  is 
the  work-energy  principle. 


EXAMPLE  6.10 


A  block  of  mass  m  =  500  g  is  placed  at  the  top  of 
an  inclined  plane  of  inclination  0  =  60°.  The  length 
of  the  plane  is  2  m.  The  block  is  released  from  rest. 
Find  its  speed  when  it  reaches  the  bottom  of  the 
plane  if 

(a)  the  inclined  plane  is  smooth 

(b)  the  coefficient  of  friction  between  the  block  and 
the  plane  is  0.4. 

Take  g=  10  ms~2. 


SOLUTION 


Refer  to  Fig.  6.6  of  Example  6.9  above.  Fleight  of  the 
inclined  plane  is  h  =  AB  =  AC  sin  0  =  2  X  sin  60°  = 
>/3  m  =  1.73  m 


6.6  Comprehensive  Physics — JEE  Advanced 


(a)  As  the  block  slides  down  the  plane,  it  loses  po¬ 
tential  energy  and  gains  kinetic  energy.  From  the 
principle  of  conservation  of  energy, 

Gain  in  K.E  =  loss  in  P.E. 


or 


—  mv2  =  mgh 


=>  v  =  yflgh  =  yjl  x  10  x  1.73  =  5.9  ms  1 

(b)  As  the  block  slides  down,  loss  of  P.E.  =  gain  in 
K.E.  +  work  done  against  friction,  i.e., 

1  2 

mgh  =  —  mv  +  (iimgcosO)  x  AC 
=>  1.73  x  10  =  -  v2  +  0.4  x  10  cos  60°  x  2 


v  -  5.2  ms  1 


EXAMPLE  6.11 


I  An  elastic  spring  of  negligible  mass  has  a  force  con¬ 
stant  k  =  4  Nm  '.  One  end  of  the  spring  is  fixed  to 
the  wall  and  the  other  end  touches  a  block  of  mass 
m  =  250  g  placed  on  a  horizontal  surface.  The  spring 
is  compressed  by  an  amount  x  =  5  cm  as  shown  in 
Fig.  6.7.  The  coefficient  of  friction  between  the  block 
and  the  horizontal  surface  is  /u  =  0.2.  If  the  system  is 
released,  find  the  speed  of  the  block  when  it  leaves 
the  spring. 


SOLUTION 


Loss  in  P.E.  of  spring  +  work  done  against  friction  = 
gain  in  K.E. 

1,2  1  2 

—  kx  +  fimgx  =  —  mv 

Jx4x  (0.05)2  +  0.2  x  0.250  x  10  x  0.05 

=  -x  0.250  xd2 
2 

which  gives  v  =  0.5  ms-1 


EXAMPLE  6.12 


I  A  bullet  moving  with  a  speed  of  100  ms-1  travels  a 
distance  of  2  cm  in  a  plank  of  wood  before  coming  to 
rest.  Flow  much  distance  will  the  same  bullet  travel  in 


or 


the  same  plank  before  coming  to  rest  if  it  were  mov¬ 
ing  with  a  speed  of  200  ms-1  ? 


SOLUTION 


Since  the  bullet  and  the  plank  are  the  same,  the  resis¬ 
tive  force  F  exerted  on  the  bullet  is  the  same  in  the 
two  cases.  The  kinetic  energy  is  spent  in  doing  work 
against  friction.  Hence 

1  2  „ 

—  mv,  =  Fx, 

2  1  1 

1  , 

and  —  mv2  =  Fx2 
These  equations  give 

V2 


=  2  cm  x 


200 

Too 


=  is  cm 


EXAMPLE  6.13 


A  uniform  chain  of  length  L  and  mass  M  lies  on  a 
frictionless  horizontal  table  with  a  very  small  part 
hanging  from  the  edge  of  the  table.  The  chain  begins 
to  fall  under  the  weight  of  the  hanging  part.  Obtain 
the  expression  for  the  velocity  of  the  chain  at  the 
instant  when  the  length  of  the  hanging  part  becomes 
Lin  where  n  >  1 . 


SOLUTION 


Mass  per  unit  length  of  chain  =  — .  The  mass  of 
L  L 

length  —  of  the  chain  is 
n 

M  L  M 
m  =  —  x  —  =  — 

L  n  n 


As  the  chain  slips  down  from  the  table,  gravitational 

,  L  , 

potential  energy  of  the  length  —  (hanging  part)  de- 

n 

creases  while  the  part  of  the  chain  left  on  the  table 
does  not  lose  any  gravitational  potential  energy.  The 
loss  of  P.E.  of  the  hanging  part  gets  converted  into 
K.E.  of  the  entire  chain,  i.e. 


Gain  of  K.E.  of  the  complete  chain  =  loss  of  P.E.  of 
the  hanging  part.  The  mass  m  of  the  hanging  part  can 
be  assumed  to  be  concentrated  at  its  centre  of  mass 

which  is  at  a  height  h  =  —  below  the  edge  of  the 

2  n 

table.  If  v  is  the  velocity  of  the  slipping  chain,  then 


1  2 

—  Mv  =  mgh 
2  5 


M  L 
-x?x- 
n  2  n 


MgL 

In- 
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k2-4 

n 


v  = 


JgL 


6.3 


CONSERVATIVE  AND  NON-CONSERVATIVE 
FORCES 


(a)  Conservative  force 

A  force  is  conservative  if 

(i)  the  work  done  by  it  on  a  body  in  moving  it  from 
one  position  to  another  depends  only  on  the  initial 
and  final  positions  of  the  body  and  not  on  the  path 
followed  by  it  between  the  two  positions. 

or 

(ii)  the  net  work  done  by  the  force  on  a  body  that  moves 
through  any  closed  path  is  zero. 

The  above  two  conditions  are  equivalent.  Examples  of 
conservative  forces  are  gravitational  force,  electrostatic 
force  and  spring  force. 

(b)  Non-conservative  force 

A  force  is  non-conservative  if 

(i)  The  work  done  by  it  on  a  body  in  moving  it  from 
one  position  to  another  depends  on  the  path  fol¬ 
lowed  by  the  body  between  the  two  positions. 

or 

(ii)  The  work  done  by  the  force  on  a  body  that  moves 
through  a  closed  path  is  non  zero. 

Examples  of  non-conservative  forces  are  frictional  and 
viscous  forces. 

Conservative  Force  and  Potential  Energy 

For  a  conservative  force  F  that  depends  upon  position  r, 
there  is  a  potential  energy  function  U  which  also  depends 
on  r.  When  a  conservative  force  does  positive  work,  the 
potential  of  the  system  decreases,  i.e. 

Work  done  =  decrease  in  potential  energy 

or  Fdr  =  —  dU 

or  p=  _dXJ_ 

dr 

Hence  the  negative  derivative  of  the  potential  energy 
function  with  respect  to  position  gives  the  conserx’ative 
force  acting  on  the  system. 

The  change  in  potential  energy  when  the  body  is 
displaced  from  r  =  a  to  r  =  b  is 

b 

Uh~Ua=  J  Fdr 


NOTE 


F  is  negative  if  r  is  opposite  to  F  and  positive  if  r  is  in 
the  same  direction  as  F. 


EXAMPLE  6.14 


The  force  between  two  point  charges  qx  and  q2 


separated  by  a  distance  r  is  F  = 


kqxq2 


where  k  is  a 


constant.  Find  the  potential  energy  of  the  system  of 
charges. 


SOLUTION 


F  =  —  =>  dU  =  —  Fdr.  Integrating 

dr 


U=  -  J  Fdr  =  -kqxq2  J  r  2  dr 


U  = 


kqx  q2 


EXAMPLE  6.15 


The  potential  energy  U  of  a  particle  in  a  field  varies 
with  position  r  as 

v-4-- 

r  r 

where  a  and  b  are  positive  constants.  Find  the  position 
r0  where  the  particle  will  be  in  stable  equilibrium. 


SOLUTION 


If  no  force  acts  on  a  particle,  it  will  be  in  stable  equi¬ 
librium,  i.e.  F  =  0  or 

o 

dr 


dr 


a 

=  0 

o 

-- 

A 

r) 

2  a 

b 

=  0 

r3 

r2 

r  =  rn  = 


2a 

~b 


Stable  equilibrium  corresponds  to  minimum  poten- 


dU 


d2U 


>0.  Ifr  =  r0=  — . 

0  b  ' 


tial  energy,  i.e.  -  =  0  and 

dr  dr 

-  =  0,  then  U  can  be  minimum  or  maximum.  If 

dr 


d2U 

dr2 

Now 


>  0  at  r  =  r0,  U  will  be  minimum. 


dU 

dr 


la  b 


- T  +  ~ 

r  r 
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d2U 
dr 2 


At 

' dru 

K  dr 2 


r 


\ 

'  dX  r  =  r0 


6a  2b 


2  a 

=r°  =  y* 


3b^_b4_ 

8  a 3  4t73 


— -  ,  which  is  posi- 
8«  tive. 


Hence  r  =  r0 
rium. 


2a 

~b 


corresponds  to  stable  equilib- 


NOTE 


For  stable  equilibrium  U  is  minimum  and  for  unstable 
equilibrium,  U  is  maximum. 

dU  d2U 

For  stable  equilibrium;  -  =  0  and  - —  >  0 

dr  dr 


dU 


d2U 


For  unstable  equilibrium;  -  =  0  and  - —  <  0. 

dr  dr" 


6.4  !  MOTION  IN  A  VERTICAL  CIRCLE 

_ I _ 

Consider  a  body  of  mass  tied  to  a  string  of  length  r  revolved 
in  a  vertical  circle  with  centre  O  at  the  other  end  of  the 
string  as  shown  in  Fig.  6.8.  At  all  positions  of  the  body, 
there  are  two  forces  acting  on  it:  its  own  weight  and  the 
tension  in  the  string. 


A 


Fig.  6.8 


Case  (a):  When  the  body  is  at  top  A  of  the  circle 

When  the  body  is  at  top  A  of  the  circle,  the  net  force 
towards  centre  O  is  TA  +  mg.  Hence  [see  Fig.  6.8] 


Ta  +  mg 


2 

mvA 


where  vA  =  speed  of  the  body  at  top  A 


and  Ta  =  tension  in  the  string  when  the  body  is  at  A. 


Ta  = 


m  v , 


-  mg 


(i) 


The  body  will  revolve  in  the  circle  if  the  string  does  not 
sag,  i.e.  Ta>  0.  From  Eq.  (i)  it  follows  that 


mv  A 


—  mg  >  0 


>  4rg 


Therefore,  the  minimum  speed  at  the  top  that  the  body 
must  have  so  that  it  can  complete  the  circle  is  given  by 

(Pa)-. min  =  4rg  (ii) 


Case  (b):  When  the  body  is  at  bottom  B  of  the  circle 

When  the  body  is  at  B,  the  net  force  on  the  body  towards 
the  centre  is  (TB  —  mg).  Hence 


tb  ~  m8  = 


2 

mvB 

r 


where  vB  =  speed  of  the  body  at  bottom  B 

and  Tb  =  tension  in  the  string  when  the  body  is  at  B. 

Tb  =  — ^  +  mg  (111) 

r 

The  minimum  speed  at  B  that  the  body  must  have 
so  that  it  can  complete  the  circle  is  obtained  from  the 
conservation  of  energy.  As  the  body  goes  up  from  B  to  A, 
it  K.E.  decreases  and  P.E.  increases. 

Loss  in  K.E.  =  gain  in  P.E. 


mg  x  AB  =  mg  x  2r 
V5  +4gr 


(^)min  =  V(^)min  +  4gr  (iv) 

Using  (ii)  in  (iv)  we  get 

(^)min  =  (v) 

The  net  force  towards  the  centre  acting  on  the  body  is 
obtained  from  (iii)  by  using  (v). 


Tb  =  —  X  5  gr  +  mg  =  6  mg 
r 


NOTE 


1.  When  a  body  moves  in  a  vertical  circle,  the  speed  de¬ 
creases  as  it  goes  up  and  increases  as  it  goes  down. 
Hence  the  body  has  a  non-uniform  circular  motion. 

2.  The  tension  in  the  string  is  different  positions  of  the 
body  on  the  circle.  The  tension  is  minimum  when  the 
body  is  at  the  top  of  the  circle  and  maximum  when  it  is 
at  the  bottom  of  the  circle. 
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EXAMPLE  6.16 


I  A  small  block  of  mass  m,  starts  from  rest  at  A  and 
slides  on  a  frictionless  track  which  ends  in  a  circular 
loop  of  radius  r.  If  h  =  6 r,  find  the  speed  of  the  block 
when  it  reaches  C  as  shown  in  Fig.  6.9.  What  is  the 
force  exerted  on  the  block  by  the  track  when  it  is  at 
C?  Also  find  the  minimum  height  h  so  that  the  block 
is  able  to  complete  the  circle. 


Fig.  6.9 


SOLUTION 


Let  v  be  the  speed  of  the  block  when  it  reaches  C. 
From  conservation  of  energy,  gain  in  K.E.  =  loss  in 
P.E.,  i.e. 

1  2 

—  mv  —  0  =  mgh  -  mg  x  OB  =  mgh  —  mgr 

1  2 

=>  —v=gy.6r  —  gr=  5  gr 


=  x/lO  gr 


When  the  block  is  at  C,  the  track  exerts  a  normal 
reaction  N  on  the  block.  Since  the  block  is  moving 
in  a  circular  path,  the  necessary  centripetal  force  for 
circular  motion  is  provided  by  the  normal  reaction 
(Fig.  6.10). 

D 


2 

, ,  mv  7MXl  Our 

N  =  -  =  - —  =  jo  mg 

r  r 

Thus  the  track  exerts  a  force  on  the  block  equal  to  10 
times  the  weight  of  the  block. 

To  complete  the  circle,  the  minimum  speed  at  D  must 
be  Vmm  =  yfigT  ■  Hence 


”*gh  min 


1  2 

—  mv„ 


h  ■ 

'*min 


2.5  r. 


6.5  j  POWER 


The  rate  of  doing  work  is  called  power,  i.e. 

Work 
Power  =  - 


Time 

The  faster  a  given  amount  of  work  is  done,  the  greater 
is  the  power  of  the  agent  that  does  the  work. 

In  the  SI  system,  the  unit  of  power  is  the  watt  (symbol 
W).  Power  is  said  to  be  1  watt  when  1  joule  of  work  is 
done  in  1  second,  i.e. 


1  W  =  1  Js_1 


Since  the  watt  is  a  small  unit  for  the  measurement  of 
power,  larger  units,  namely  kilowatt  (kW)  and  megawatt 
(MW)  are  often  used. 

1  kW  =  1000  W  =  103  W 

1  MW  =  1,000,000  W  =  106  W 
The  power  of  an  agent  can  also  be  expressed  in  terms  of 
the  force  applied  and  the  velocity  of  the  object  on  which 
the  force  is  applied.  Now,  power  P  is  given  by 


t  t 

§ 

(v  —  =  rate  of  change  of  displacement  =  v) 

Power  is  a  scalar  quantity  as  it  is  the  ratio  of  two 
scalars  W  and  t,  or  a  scalar  product  of  two  vectors  F 
and  v. 


EXAMPLE  6.17 


An  engine  pulls  a  car  of  mass  1000  kg  on  a  level  road 
at  a  constant  velocity  of  5  ms-1 .  If  the  frictional  force 
is  500  N,  what  power  does  the  engine  generate?  What 
extra  power  must  the  engine  supply  to  maintain  the 
same  speed  up  an  inclined  plane  having  a  gradient  of 
1  in  10? 


SOLUTION 


Since  the  car  moves  at  a  constant  velocity,  its  accel¬ 
eration  is  zero.  Hence  the  engine  has  to  do  work  only 
to  overcome  the  frictional  force /. 

Power  =  /x  v  =  500  x  5  =  2500  W 

=  2.5  kW 

For  an  inclined  plane  having  a  gradient  of  1  in  10,  sin  6 
=  ^  .  To  maintain  the  same  speed  up  the  inclined  plane, 
the  engine  has  to  do  extra  work  against  the  force  mg  sin  6. 
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Therefore, 

Extra  power  =  mg  sin  Ox  v 

=  100  x  9.8  x  —  x  5  =  4900  W 
10 


=  4.9  kW 


EXAMPLE  6.18 


I  An  electric  pump  on  the  ground  floor  of  a  building 
takes  10  minutes  to  fill  a  tank  of  volume  2000  litre 
with  water.  If  the  tank  is  40  m  above  the  ground  and 
the  efficiency  of  the  pump  is  40%,  how  much  electric 
power  is  consumed  by  the  pump  in  filling  the  tank? 
Take  g  =  1 0  ms~2  . 


SOLUTION 


Volume  of  tank  V=  2000  litre  =  2000  x  10  3  m3  =  2  m3 
Mass  of  water  m  =  pV=  1000  x  2  =  2  x  103  kg 
Work  done  to  lift  this  mass  to  a  height  h  =  40  m  is 
W  =  mgh  =  2  x  103  x  10  x  40  =  8  x  105  J 

D  ,  .  W  8  x  105  4  ..3w 

Power  needed  =  —  =  -  =  —  xlO  W 

t  10x60  3 

If  P  is  the  total  power  consumed,  the  useful  power 
available  =  40%  if  P  =  0.4  P.  Hence 

0.4  P  =  -xlO3 
3 

=>  P  =  3.33  x  103  W  =  3.33  kW 


EXAMPLE  6.19 


A  constant  power  P  is  supplied  to  a  car  of  mass 
m  =  3000  kg.  The  velocity  of  the  car  increases  from 
u  =  2  ms~'  to  v  =  5  ms-1  when  the  car  travels  a  distance 
x  =  117  m.  Find  the  value  of  P.  Neglect  friction. 


SOLUTION 


Q  Now  a 

dv 
v  — 
dx 


=  Fv  =  mav  => 


dv  dv  d x 
dt  dx  dt 
P 
mv 


a  = 

vdv 

dx 


P 

mv 


=>  v2dv 


P 

m 


X 


I 

0 


Px 

m 


P  = 


m{if  —  m3  j 
3x 


3000  x  [(5)3  -(2)3] 
3x117 


=  1000  W  =  1  kW 


EXAMPLE  6.20 


A  car  of  mass  m  starts  from  rest  at  time  t  =  0  and  is 
driven  on  a  straight  horizontal  road  by  the  engine 
which  exerts  a  constant  force  F.  If  friction  is  negli¬ 
gible,  the  car  acquires  kinetic  energy  E  at  time  t  and 
develops  a  power  P.  Which  of  the  following  is/are 
correct  ? 

(a)  E  t  (b)  E  oc  t2 

(c)  P  t  (d)  P  t2 


SOLUTION 


F 


Since  F  is  constant,  acceleration  a  =  —  is  constant. 

m 

At  time  t,  the  velocity  of  the  car  is 

n  Ft 

v  =  u  +  at  =  0  +  at  =  at  =  —  . 

m 

.  ,  ^  .  1  2  1  (F^2 

Kinetic  energy  E  at  tune  t  =  —  mv  =  —  m\  — 

2  2  V  m 


(  p2\ 


t2. 


Since  F  is  constant,  E  <*=  t 


Ft 


Power  P  at  time  t  =  Fv  =  F  x  —  = 

m 


f  f2  h 


Thus  P  oc  t.  So  the  correct  choices  are  (b)  and  (c). 


EXAMPLE  6.21 


A  body,  initially  at  rest,  moves  in  a  straight  line 
under  the  influence  of  a  source  of  constant  power.  Its 
displacement  in  time  t  is  proportional  to 

M2 


(a) 

(c) 


.3/2 


(b) 

(d) 


SOLUTION 


„  dv 

P  =  Fv  =  mav  =  m  —  X  v 
dt 


vdv  =  —  dt 
m 
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Integrating 

V 

|i )dv  = 
0 

P  r  , 

—  dt 

mo 

(y  P  =  constant) 

=> 

dx  =  J^tV2dt 

V  m 

=> 

z/2  . 

Pt 

8-  * 
ii 

1 1^> 

l'a 

— * 

5 

& 

2 

m 

J  m  J 

0  0 

=> 

v  = 

,&2 

V  m 

=> 

4  P  3/2 
x  =  — r2 

3  m 

=> 

d  x 

dt 

JFtn 

V  m 

So  the  correct  choice  is  (c). 

# 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  particle  of  mass  m  is  moving  in  a  circular  path  of 
a  constant  radius  r  such  that  its  centripetal  accelera¬ 
tion  ac  is  varying  with  time  t  as  ac  =  k2  r  t2  where 
k  is  a  constant.  The  power  delivered  to  the  particle 
by  the  force  acting  on  it  is 


(a)  2nmk2r2t 


(c) 


mk4r2t5 


(b)  m  k"r2t 


(d)  zero 


<  IIT,  1994 

2.  A  stone  is  tied  to  a  string  of  length  L  and  whirled  in 
a  vertical  circle  with  the  other  end  of  the  string  at 
the  centre.  At  a  certain  instant  of  time,  the  stone  is 
at  the  lowest  position  and  has  a  speed  u.  The  mag¬ 
nitude  of  the  change  in  its  velocity  as  it  reaches  a 
position  where  the  string  is  horizontal  is 

(a) 


■2gL 


(b)  V2 ~gL 


(c) 


v/m2  ~gL 


(d) 


v/2  (u2-gL) 


<  IIT,  1998 

3.  The  power  P  supplied  to  a  body  initially  at  rest  var¬ 
ies  with  time  t  as  P  =  kt 2  where  A:  is  a  constant.  The 
velocity  of  the  body  at  an  instant  of  time  t  will  be 
proportional  to 


(a)  t 
(c)  t2 


(b) 

(d) 


.3/2 


4.  A  force  F  =  (3  i  +  4  j)  newton  acts  on  a  particle 
moving  along  a  line  4y  +  kx  —  3.  The  work  done  by 
the  force  is  zero  if  the  value  of  k  is 
(a)  1  (b)  2 

(c)  3  (d)  4 


5.  Force  F  acting  on  a  body  moving  in  a  straight  line 
varies  with  the  velocity  v  of  the  body  as  F  =  ktv 
where  A:  is  a  constant.  The  work  done  by  the  force 
in  time  t  is  proportional  to 

(a)  t  (b)  tm 

(c)  rm  (d)  r3/2 

6.  The  force  F  acting  on  a  body  varies  with  its  dis- 

—2/3 

placement  x  as  F  =  kx  .  The  power  delivered  by 
the  force  will  be  proportional  to 
(a)  W3/2  (b)  W1/2 

(c)  *1/2  (d)  x3/2 

7.  A  bullet  is  fired  at  a  plank  of  wood  with  a  speed 
of  200  ms-1.  After  passing  through  the  plank,  its 
speed  reduces  to  180  ms-1.  Another  bullet,  of  the 
same  mass  and  size  but  moving  with  a  speed  of  100 
ms  1  is  fired  at  the  same  plank.  What  would  be  the 
speed  of  this  bullet  after  passing  through  the  plank? 
Assume  that  the  resistance  offered  by  the  plank  is 
the  same  for  both  the  bullets? 

(a)  48  ms-1  (b)  49  ms-1 

(c)  50  ms-1  (d)  51  ms-1 

8.  If  the  mass  of  either  bullet  in  Q.  10  is  7  g  and  the 
thickness  of  the  wooden  plank  is  1  m,  what  is  the 
average  resistance  offered  by  the  plank? 

(a)  36  N  (b)  38  N 

(c)  40  N  (d)  42  N 

9.  An  engine  pulls  a  car  of  mass  1500  kg  on  a  level 
road  at  a  constant  speed  of  5  ms1.  If  the  frictional 
force  is  1500  N,  what  power  does  the  engine  gener¬ 
ate? 
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(a)  5.0  kW  (b)  7.5  kW 

(c)  10  kW  (d)  12.5  kW 

10.  In  Q.  9,  what  extra  power  must  the  engine  develop 
to  maintain  the  same  speed  up  an  inclined  plane 
having  a  gradient  of  1  in  10?  Take  g  =  10  ms~2. 

(a)  2.5  kW  (b)  5.0  kW 

(c)  7.5  kW  (d)  10  kW 

11.  Two  identical  cylindrical  vessels,  with  their  bases 
at  the  same  level,  each  contain  a  liquid  of  density  p. 
The  height  of  the  liquid  in  one  vessel  is  hl  and  that 
in  the  other  is  h2.  The  area  of  either  base  is  A.  What 
is  the  work  done  by  gravity  in  equalizing  the  levels 
when  the  vessels  are  interconnected? 

(a)  Apg  (hi  -  h2 f  (b)  Apg  (hl  +  h2f 


(c)  Apg 


(d)  Apg 


V+V J 


12.  An  electric  pump  on  the  ground  floor  of  a  building 
takes  10  minutes  to  fill  a  tank  of  volume  30  m 
with  water.  If  the  tank  is  60  m  above  the  ground 
and  the  efficiency  of  the  pump  is  30%  how  much 
electric  power  is  consumed  by  the  pump  in  filling 
the  tank?  Take  g  =  10  ms~2. 

(a)  100  kW  (b)  150  kW 

(c)  200  kW  (d)  250  kW 

13.  The  distance  x  moved  by  a  body  of  mass  0.5  kg  by 
a  force  varies  with  time  t  as 

x  =  3 t2  +  At  +  5 


where  x  is  expressed  in  metre  and  t  in  second.  What 
is  the  work  done  by  the  force  in  the  first  2  seconds? 
(a)  25  J  (b)  50  J 

(c)  75  J  (d)  100  J 

14.  In  a  hydroelectric  power  station,  the  height  of  the 
dam  is  10  m.  How  many  kg  of  water  must  fall  per 
second  on  the  blades  of  a  turbine  in  order  to  gener¬ 
ate  1  MW  of  electrical  power?  Take  g  =  10  ms~2. 
(a)  103  kgs-1  (b)  104  kgs-1 

(c)  105  kgs-1  (d)  106  kgs-1 


15.  A  uniform  steel  rod  of  mass  m  and  length  /  is 
pivoted  at  one  end.  If  it  is  inclined  with  the  horizon¬ 
tal  at  an  angle  0  its  potential  energy  will  be 


(a) 


—  mgl  cos  0 


(b) 


—  mgl  sin  0 


(c)  mgl  cos  0  (d)  mgl  sin  0 

16.  A  bullet,  incident  normally  on  a  wooden  plank, 
loses  one-tenth  of  its  speed  in  passing  through  the 
plank.  The  least  number  of  such  planks  required  to 
stop  the  bullet  is 
(a)  5  (b)  6 

(c)  7  (d)  8 


1 7.  A  bullet  is  fired  normally  on  an  immovable  wooden 
plank.  It  loses  25%  of  its  momentum  in  penetrat¬ 
ing  a  thickness  of  3.5  cm.  The  total  thickness  pen¬ 
etrated  by  the  bullet  is 

(a)  8  cm  (b)  10  cm 

(c)  12  cm  (d)  14  cm 

18.  A  bullet  is  fired  normally  on  an  immovable  wooden 
plank.  It  loses  25%  of  its  kinetic  energy  in  pen¬ 
etrating  a  thickness  x  of  the  plank.  What  is  the  total 
thickness  penetrated  by  the  bullet? 

(a)  2x  (b)  4x 

(c)  6x  (d)  8x 

19.  A  body  of  mass  m,  having  momentum  p,  is  moving 
on  a  rough  horizontal  surface.  If  it  is  stopped  in  a 
distance  x,  the  coefficient  of  friction  between  the 
body  and  the  surface  is  given  by 

2  2 

(a)  A*  =  „  P  2  (b)  M  = 

2gm  x  2  mgx 


(Or  ' 


2  mgx 


(d)  p  =  P 


2  gm2  x 


20.  A  uniform  chain  of  mass  M  and  length  L  is  held  on 

a  horizontal  frictionless  table  with  —  th  of  its  length 

n 

hanging  over  the  edge  of  the  table.  The  work  done  is 
pulling  the  chain  up  on  the  table  is 


(a) 

(c) 


Mgl 

n 

Mgl 

n1 


(b) 

(d) 


Mgl 
2  n 
Mgl 
2  n2 


21.  A  body  of  mass  m  =  1  kg  is  dropped  from  a  height 
h  =  40  cm  on  a  horizontal  platform  fixed  to  one 
end  of  an  elastic  spring,  the  other  being  fixed  to  a 
base,  as  shown  in  Fig.  6.11.  As  a  result  the  spring 
is  compressed  by  an  amount  x  =  10  cm.  What  is  the 
force  constant  of  the  spring.  Take  g  =  10  ms~2. 

(a)  600  NirT1  (b)  800  NnT1 

(c)  1000  NnT1  (d)  1200  NnT1 


Fig.  6.11 
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22. 


24. 


25. 


27. 


28. 


=  3 1  -  4  r  +  /3 


23. 


A  force  acts  on  a  particle  of  mass  3  g  in  such  a 
way  that  the  position  of  the  particle  as  a  function 
of  time  is  given  by 
x 

where  x  is  in  metres  and  t  is  in  seconds.  The  work 
done  during  the  first  4  s  is 

(a)  570  mJ  (b)  450  mJ 

(c)  490  mJ  (d)  530  mJ 

A  sphere  of  mass  m  is  tied  to  one  end  of  a  string 
of  length  l  and  rotated  through  the  other  end  along 
a  horizontal  circular  path  with  speed  v.  The  work 
done  in  one  full  horizontal  circle  is 

(a)  zero  (b)  mg-2nl 

( IB7I2 

(C) 


'  mv1  3 

■2nl 

(d) 

/ mv2  3 

{  l  J 

{  l  ) 

•/ 


1 


The  kinetic  energy  acquired  by  a  mass  m  in  travel¬ 
ling  a  certain  distance  d,  starting  from  rest,  under 
the  action  of  a  constant  force  is 

(a)  directly  proportional  to 

(b)  independent  of  m 

(c)  directly  proportional  to  —i= 

v  m 

(d)  directly  proportional  to  m 
A  position  dependent  force  F  =  7  -  2x  +  3x2  newton 
acts  on  a  body  of  mass  2  kg  and  displaces  it  from 
x  =  0  to  x  =  5  m.  The  work  done  in  joules  is 

(a)  70  (b)  270 

(c)  35  (d)  135 

A 

26.  A  particle  is  moved  from  a  position  rx  =  (3  i  + 

A  A  A  A 

2  j  —6k)  metre  to  a  position  r2  =  ( 14  i  +  13  j  + 

A  A  A 

9k)  metre  under  the  action  of  a  force  F  =  (4  i  +  j 

A 

+  3  k ).  What  is  the  work  done? 

(a)  10  J  (b)  100  J 

(c)  0.01  J  (d)  1  J 

If  momentum  is  increased  by  20%,  then  kinetic 
energy  increases  by 
(a)  44%  (b)  55% 

(c)  66%  (d)  77% 

A  particle  of  mass  0.1  kg  is  subjected  to  a  force 
which  varies  with  distance  as  shown  in  Fig.  6.12. 
If  it  starts  its  journey  from  rest  at  x  =  0,  its  velocity 
atx  =  12  m  is 


(a)  zero 
(c)  20  V3  m/s 


(b)  20  m/s 
(d)  40  m/s 


29.  A  force  E  =  -  K  (y  i  +xj)  where  AT  is  a  positive 
constant,  acts  on  a  particle  moving  in  the  x-y  plane. 
Starting  from  the  origin,  the  particle  is  taken  along 
the  positive  x-axis  to  the  point  (a,  0)  and  then  par¬ 
allel  to  the  y-axis  to  the  point  (a,  a).  The  total  work 
done  by  the  force  F  on  the  particle  is 

(a)  -  2  Ka2  (b)  2  Ka 2 

(c)  -  Ka2  (d)  Ka 2 

<  IIT,  1998 

30.  A  wind-powered  generator  converts  wind  energy 
into  electrical  energy.  Assume  that  the  generator 
converts  a  fixed  fraction  of  the  wind  energy  in¬ 
tercepted  by  its  blades  into  electrical  energy.  For 
wind  speed  v,  the  electrical  power  output  will  be 
proportional  to 

(a)  v  (b)  v2 

(c)  v3  (d)  v4 

<  IIT,  2000 

31.  A  body  of  mass  6  kg  is  acted  upon  by  a  force  which 

r 

causes  a  displacement  in  it  given  by  x  =  —  metre 

where  t  is  the  time  in  second.  The  work  done  by  the 
force  is  2  seconds  is 
(a)  12  J  (b)  9  J 

(c)  6  J  (d)  3  J 

32.  A  ladder  2.5  m  long  and  of  weight  150  N  has  its 
centre  of  gravity  1  m  from  its  bottom.  A  weight  of 
40  N  is  attached  to  the  top  end.  The  work  required 
to  raise  the  ladder  from  the  horizontal  position  to 
the  vertical  position  is 

(a)  190  J  (b)  250  J 

(c)  285  J  (d)  475  J 

33.  A  body  of  mass  5  kg  rests  on  a  rough  horizontal 
surface  of  coefficient  of  friction  0.2.  The  body  is 
pulled  through  a  distance  of  10  m  by  a  horizontal 
force  of  25  N.  The  kinetic  energy  acquired  by  it  is 

(take  g  =  1 0  ms~2) 

(a)  200  J  (b)  150  J 

(c)  100  J  (d)  50  J 

34.  A  body  is  moving  up  an  inclined  plane  of  angle  9 
with  an  initial  kinetic  energy  E.  The  coefficient  of 
friction  between  the  plane  and  the  body  is  /i.  The 
work  done  against  friction  before  the  body  comes 
to  rest  is: 

HE  cos 0 


(a) 


(c) 


cos  9  +  sin  9 
liE  cos  9 
/j, cos 9  -  sin# 


(b)  jlE  cos  9 
fiE  cos  9 


(d) 


/u  cos  9  +  sin  9 
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35.  A  particle  moves  in  a  straight  line  with  retardation 
proportional  to  its  displacement.  Its  loss  of  kinetic 
energy  for  any  displacement  x  is  proportional  to 

(a)  x2  (b)  e 

(c)  x  (d)  logcx 

36.  A  body  of  mass  m  accelerates  uniformly  from  rest 
to  velocity  v1  in  time  t1.  The  instantaneous  power 
delivered  to  the  body  as  a  function  of  time  t  is 


(a) 


(c) 


mV\t 


2.2 

mvx  t 


(b) 


(d) 


2 . 

mvl  t 


mvft 


37.  A  force  F  =  |^5i+3j+2kJ  newton  is  applied  to 
a  particle  which  displaces  it  from  its  origin  to  the 

A  A 

point  r  =  (2  i  —  j )  metre.  The  work  done  on  the 
particle  (in  joule)  is 
(a)  -  7  (b)  +  7 

(c)  +  10  (d)  +  13 

38.  Two  masses  M and  m  (with  M>  m)  are  connected  by 
means  of  a  pulley  as  shown  in  Fig.  6. 1 3 .  The  system 
is  released.  At  the  instant 

when  mass  M  has  fallen 
through  a  distance  h,  the 
velocity  of  mass  m  will 
be 

(a)  ^h 


(b) 


(c) 


(d) 


2  gh  M 


m 


2 gh  ( M  —  m) 
(M  +  m) 

2 gh  ( M  +  7??) 
(M  —  777) 


39.  A  mass  m,  lying  on  a  horizontal  frictionless  sur-face 
is  connected  to  mass  Mas  shown  in  Fig.  6.14.  The 
system  is  now  released.  The  velocity  of  mass  m 
when  mass  Mas  descended  a  distance  h  is 


(a) 


(c) 


2  Mgh 


777 


2  Mgh 
(M  +  777) 


(b) 


2  mgh 


M 


(d)  s[2gh 


Pulley 


40.  An  escalator  is  moving  downwards  with  a  uniform 
speed  u.  A  man  of  mass  m  is  running  upwards  on 
it  at  a  uniform  speed  v.  If  the  height  of  the  escala¬ 
tor  is  h,  the  work  done  by  the  man  in  going  up  the 
escalator  is 

(a)  zero  (b)  mgh 

mgh  u  mgh  v 


(c) 


(d) 


(p  -  u)  (v  -  77) 

41.  The  potential  energy  (in  joule)  of  a  body  of  mass  2 
kg  moving  in  the x—y  plane  is  given  by 

U  =  6x  +  8y 

where  the  position  coordinates  x  and  y  are  measured 
in  metre.  If  the  body  is  at  rest  at  point  (6  m,  4  m)  at 
time  t  =  0,  it  will  cross  the  y-axis  at  time  t  equal  to 
(a)  Is  (b)  2  s 

(c)  3s  (d)  4  s 

42.  In  Q.  4 1  above,  the  speed  of  the  body  when  it  cross¬ 
es  the  y-axis  is 

(a)  zero  (b)  5  ms-1 

(c)  10  ms-1  (d)  20  ms-1 

43.  If  IV h  W2  and  W3  represent  the  work  done  in  mov¬ 
ing  a  particle  from  A  to  B  along  three  different  paths 
1 , 2  and  3  (as  shown  in  Fig.  6. 1 5)  in  the  gravitational 
field  of  a  point  mass  m,  find  the  correct  relation 
between  Wx,  W2  and  W3. 


Fig.  6.15 

(a)  Wx>  W3>  W2  (b)  Wx=  W2=  W3 

(c)  WX<W3<  W2  (d)  WX<W2<  W3 

■  IIT,  2003 


Work,  Energy  and  Power  6.15 


44.  A  particle,  which  is  constrained  to  move  along  the 
x-axis,  is  subjected  to  a  force  in  the  same  direc¬ 
tion  which  varies  with  the  distance  x  of  the  particle 
from  the  origin  as  F(x)  =  -  kx  +  ax3.  Here  k  and 
a  are  positive  constants.  For  x  >  0,  the  functional 
form  of  the  potential  energy  U(x )  of  the  particle  is 
(see  Fig.  6.16) 


U(x)  U(x) 


U(x)  U(x) 


Fig.  6.16 

<  IIT,  2002 

45.  A  raindrop  of  radius  r  falls  from  a  certain  height  h 
above  the  ground.  The  work  done  by  the  gravita¬ 
tional  force  is  proportional  to 

(a)  r  (b)  r2 

(c)  r3  (d)  r4 

46.  A  smooth  steel  ball  is  moving  to  and  fro  about  the 
lowest  position  O  of  a  frictionless  hemispherical 
bowl.  The  ball  attains  a  maximum  height  of  20  cm 
on  either  side  of  O.  If  g  =  10  ms  2,  the  speed  of  the 
ball  when  it  passes  through  O  will  be 

(a)  'll  ms-1 

(b)  2  ms-1 

(c)  0.2  ms-1 

(d)  0.02  nuT1 

47.  The  bob  of  a  pendulum  is  released  from  a  horizon¬ 
tal  position  A  as  shown  in  Fig.  6.17.  The  length  of 
the  pendulum  is  2  m.  If  1 0%  of  the  initial  energy 
of  the  bob  is  dissipated  as  heat  due  to  the  friction 
of  air,  what  would  be  the  speed  of  the  bob  when  it 
reaches  the  lowermost  point  B1  Take  g  =  10  ms~2. 


O 


2  m 


B 


Fig.  6.17 


(a)  3  ms  1 

(b)  4  ms  1 

(c)  5  ms-1 

(d)  6  ms-1 

A  body  of  mass 

m  is  dropped  from  a  height  h  above 

the  ground.  The  velocity  v  of  the  body  when  it  has 
lost  half  its  initial  potential  energy  is  given  by 

(a)  v  =  y[gh 

(b)  v  =  \[2gh 

(d)  v  =  2^h 

49.  A  body  of  mass  m  is  thrown  vertically  upwards  with 
a  velocity  v.  The  height  h  at  which  the  kinetic  en¬ 
ergy  of  the  body  is  half  its  initial  value  is  given  by 

(a)  h  =  —  (b )  h=V— 

g  2  g 


(c)  h 


3g 


(d)  h 


4  g 


50.  A  car  of  mass  m  moving  at  a  speed  v  is  stopped  in 
a  distance  x  by  the  friction  between  the  tyres  and 
the  road.  If  the  kinetic  energy  of  the  car  is  doubled, 
its  stopping  distance  will  be 

(a)  8x  (b)  4x 

(c)  2x  (d)  x 

51.  A  body  is  allowed  to  fall  freely  under  gravity  from 
a  height  of  10  m.  If  it  loses  25%  of  its  energy  on 
impact  with  the  ground,  to  what  height  will  it  rise 
after  one  impact? 

(a)  2.5  m  (b)  5.0  m 

(c)  7.5  m  (d)  none  of  these 

52.  In  Q.  51,  to  what  height  will  the  body  rise  after 
two  such  impacts  with  the  ground? 

(a)  2.5  m  (b)  5.0  m 

(c)  7.5  m  (d)  none  of  these 

53.  A  body  of  mass  m  thrown  vertically  upwards  attains 
a  maximum  height  h.  At  what  height  will  its  kinetic 
energy  be  75%  of  its  initial  value? 
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(a) 

h 

6 

(b) 

(c) 

h 

4 

(d) 

54.  A  body,  having  kinetic  energy  k,  moving  on  a 
rough  horizontal  surface,  is  stopped  in  a  distance 
v.  The  force  of  friction  exerted  on  the  body  is 


(a) 

k 

<W  F 

X 

X 

(c) 

k 

Tx 

(d)  kx 

displaced  towards  wall  1  by  a  small  distance  x 
(figure  II)  and  released.  The  block  returns  and  moves 
a  maximum  distance  y  towards  wall  2.  Displace¬ 
ments  x  and  y  are  measured  with  respect  to  the  equi- 

x 

librium  position  of  the  block  B.  The  ratio  —  is 

y 


(a)  4 

(b)  2 

00  \ 

(d)  | 

2 

2| 

4 

I1 

LM2 

_  Sl  d 

[b] — yyyyiryy^-Bj 


55.  A  particle  at  the  origin  is  under  the  influence  of  a 
force  F  =  kx,  where  k  is  a  positive  constant.  If  the 
potential  energy  U  is  zero  at  x  =  0,  the  variation 
of  potential  energy  with  the  coordinate  x  is  repre¬ 
sented  by  [see  Fig.  6.18] 


Fig.  6.18 

<  IIT,  2004 

56.  A  block  (B)  is  attached  to  two  unstretched  springs 
Sl  and  S2  with  spring  constants  k  and  4  k,  respec¬ 
tively  (see  Figure  6. 1 9).  The  other  ends  are  attached 
to  identical  supports  M,  and  M2  not  attached  to  the 
walls.  The  springs  and  supports  have  negligible 
mass.  There  is  no  friction  anywhere.  The  blook  B  is 


M, 


Figure-I 


Ma 


[-^yyffyyiHp^T^^ 

-H  Figure-tl 


Fig.  6.19 

<  IIT,  2008 

57.  A  bob  of  mass  m  is  suspended  by  a  massless  string 
of  length  L.  The  horizontal  velocity  v  at  position^ 
is  just  sufficient  to  make  it  reach  the  point  B.  The 
angle  0  at  which  the  speed  of  the  bob  is  half  of  that 
at  A  satisfies  [see  Fig.  6.20] 


■  IIT,  2008 
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SOLUTIONS 

v2 

1.  ac  =  k2  r  t1  =>  —  =  k2  r  t 2  =>  v  =  krt 

Tangential  acceleration  at  =  —  =  kr 

dt 

Tangential  force  F  =  m  at  =  m  kr 

Power  =  Fv  =  m  kr  x  krt  =  mk2r2t 

2.  Refer  to  Fig.  6.21. 


(a) 

Fig.  6.21 

From  conservation  of  energy, 

1  2  1  9 

—  in  id  =  —  mv  +  mgL 

2  2 


(b) 


=>  v  =  V«2  -  2g£ 

Change  in  velocity  Av  =  v  -  u  =  v  +  (-  it) .  Thus 
Av  is  the  resultant  of  v  and  —  U  .It  follows  from 
Fig.  6.21  (b)  that 

|  At?  |  =  \lv 2  +  (-  u)2 

=  \]u2  -2gL  +  u2  =  \jl  (w2  -  gL) 

3.  From  work-energy  principle,  change  in  K.E.  =  work 
done. 

—  mv2  =  J  Pdt  =  A:  1 12  dt  =  — — 


2  k  3 

v  =  J - r 

V  3  m 

Flence  the  correct  choice  is  (b). 

4.  The  force  F  is  parallel  to  the  line 
4 

y  =  —x  +  C 
3 

The  particle  moves  along  the  line 

kx  3 

y= - +  - 

4  4 


(1) 


(2) 


Work  done  is  zero  if  the  force  is  perpendicular  to 
the  displacement,  i.e.  if  lines  (1)  and  (2)  are  perpen¬ 
dicular  each  other.  Thus  the  product  of  their  slopes 
=  -  1,  i-e. 


4  f  k\ 

-  x  -  1 

3  l  4. 


k=  3 


5.  Power  P  =  Fxv  =  —  x  v  =  k.  Therefore,  work  done 

in  time  t  is  v 

t 

W=  |  Pdt  =  kt  (y  P  =  constant) 
o 

Flence  the  correct  choice  is  (a). 

6.  Given  F  °c  x  l:''.  Therefore,  acceleration  °c  x  i.e. 


dv  -2/3 
dx 

J  vdv  =  K  J  x 


( K  =  constant) 


-2/3 


dx 


=>  v2  oc  x1/3  or  x1/6 
P  =  F  v  ocx-2/3xx1/6ocX-1/2 

7.  Let  m  be  the  mass  of  each  bullet.  Since  the  resis¬ 
tance  offered  by  the  plank  is  the  same  for  the  two 
bullets,  the  amount  of  work  done  by  the  plank  is 
the  same  for  the  two  bullets.  From  work-energy 
principle,  the  decrease  in  the  kinetic  energy  is  the 
same  for  the  two  bullets. 

Decrease  in  KE  of  first  bullet 

1  2  1  2 

=  —  mu, - mv  i 

2  2 

=  l-  m(200)2-  l-  m(180)2  (i) 

If  v2  is  the  speed  of  the  second  bullet  after  passing 
through  the  plank,  then 
Decrease  in  KE  of  second  bullet 

1  2  1  2 

=  —  mu7 - mv  9 

2  -  2  2 


=  |  m(100)2  -  |  mv2 
Equations  (i)  and  (ii)  we  have, 

|  m( 200)2  -  |  /n(180)2 


(ii) 


1  ,  1  , 

=  —  m(100)2  -  —  mi’2 


6.18  Comprehensive  Physics — JEE  Advanced 


which  gives  v\  -  2400  or  v  -  49  ms  _I 
Hence  the  correct  choice  is  (b). 

8.  Thickness  of  plank  (S )  =  1.0  m 
Mass  of  bullet  (m)  =  10  g  =  10~2  kg 
If  F  is  the  average  resistive  force  exerted  by  the 
plank  on  the  bullet,  the  work  done  by  the  plank  on 
the  bullet  is 

W=  FS 

Work  done  =  decrease  in  KE  of  the  bullet. 


Hence  FS  =  ^m(200)2  -  ^w(180)2  =  3800  m 

Putting  S  =  I  m  and  m  =  \  0  2  kg,  we  get  F  =  38  N. 
Hence  the  correct  choice  is  (b). 

9.  Since  the  car  moves  at  a  constant  velocity,  its 
acceleration  is  zero.  Hence  the  engine  has  to  do 
work  only  to  overcome  the  frictional  force  (/). 
Since  the  distance  moved  in  1  second  is  v  metres, 
the  work  done  per  second  or  the  power  of  the  en¬ 
gine  is 

P  =/ x  v  =  1500  x  5  =  7500 
W  =  7.5  kW 

Hence  the  correct  choice  is  (b). 

10.  When  the  car  is  being  pulled  along  an  inclined  plane 

of  gradient  1  in  10  ^i.e.  sin  9  =  j ,  the  engine  has 

to  do  extra  work  against  the  component  Mg  sin  9 
of  the  weight  Mg  of  the  car.  The  extra  work  per 
second  or  extra  power  the  engine  has  to  develop  to 
maintain  the  same  speed  v  is 

=  Mg  sin  9  x  v 

=  1500  x  10  x  —  x  5 

10 

=  7500  W  =  7.5  kW 
Hence  the  correct  choice  is  (c). 

11.  The  work  done  by  gravity  equals  the  change  in  the 
potential  energy  of  the  system  after  the  vessels  are 
interconnected.  We  may  regard  the  liquid  in  each 
vessel  as  equivalent  to  a  point  mass  kept  at  their 
respective  centres  of  gravity.  Remembering  that 
the  mass  of  the  liquid  is  given  by  ( Ahp )  and  that 
the  PE  of  a  mass  at  a  height  h  in  earth’s  gravity  is 
mgh,  we  have 

Total  PE  at  start  =  (A hlp)g  +  (A h2p)g 


Apg 

2 


(h\  +  h22) 


After  the  vessels  are  connected,  the  height  of  liquid 
in  each  vessel  is  (hx  +  /z2)/2. 


Hence 

PE  after  connection  = 


Ap 


(h  +  hi 

2  r  {  2 


=  (/*!  +  h2)2 

Change  in  PE  =  {(/q  +  h2f  -  2 (h\  +  h\)} 


4 

=  _  APS 

4 

=  -Apg 


{hx  -  h2)2 


h\~h2 


This  must  be  equal  to  the  work  done  ‘by’  gravity  on 
the  liquid.  Thus  the  work  done  ‘by’  gravity  is 

\2 

i  n,  —  tu 

Apg 


hx-h2 


Hence  the  correct  choice  is  (c). 

12.  Volume  (V)  =  30  m3,  density  of  water  (p)  =  1000  kg 
m  \  Therefore,  mass  of  water  to  be  lifted  is 


m  =  pV=  1000  x  30  =  3  x  104  kg 


Work  done  to  lift  this  mass  of  water  to  a  height 
h  =  60  m  is 

W  =  mgh  =  3  x  104  x  10  X  60 
=  1.8  x  107  J 

Since  the  efficiency  of  the  engine  is  30%,  the  actual 
work  done  by  the  pump  is 

IT  x  100  1.8  x  107  x  100 

W  =  -  =  - 

30  30 

=  6  x  107  J 


Time  taken  t  =  10  min  =  600  s.  Therefore,  power 
consumed  is 

p_  W'  _  6xl07 

7  600 

=  100,000  W  =  100  kW 
Hence  the  correct  choice  is  (a). 


13.  Velocity  (v)  =  —  =  —  (3 12  +  4t  +  5)  =  6t  +  4. 
dt  dt 

dv  d  9 

Acceleration  is  a  =  —  =  —  (6t  +  4)  =  6  ms  . 
dt  dt 

Therefore,  applied  force  is  F  =  met  =  0.5  X  6  =  3  N. 
Now  t  =  2s,  the  distance  moved  is 

x  =  3  x  (2)2  +  4x2  +  5  =  25  m 

.■.  Work  done  W  =  Fx  =  3  x  25  =  75  J.  Hence  the 
correct  choice  is  (c). 
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14.  Let  M  kg  of  water  fall  per  second.  The  power  is 
P  =  rate  at  which  work  is  done  =  mass  per  second 
X  g  X  h  =  Mgh 

But  P  =  1  MW  =  1 06  W ,h  =  10  m.  Therefore 


M=  —  = 
gh 


10b 


10x10 
which  is  choice  (b). 


=  104kgs^, 


15.  The  weight  of  the  rod  acts  at  the  centre  of  gravity 
which  is  at  a  distance  of  1/2  from  the  pivoted  end. 
When  the  rod  makes  an  angle  6  with  the  horizontal, 
the  vertical  height  of  the  centre  of  gravity  is 


h  =  —  sin  0 
2 

i.e.  the  centre  of  gravity  rises  by  an  amount  h. 
Therefore 


PE  =  mgh 


—  mgl  sin  9 


Hence  the  correct  choice  is  (b). 

16.  Let  v  be  the  speed  of  the  bullet  incident  on  the  first 

9v 

plank.  Its  speed  after  it  passes  the  plank  =  —  .  If  x 


is  the  thickness  of  the  plank,  the  deceleration  a  due 
to  the  resistance  of  the  plank  is  given  by 


„  z  .  9pV  19v 

lax  =  v  —  —  =  - 

10 J  100 


(i) 


Suppose  the  bullet  is  stopped  after  passing  through 
n  such  planks.  Then  the  distance  covered  by  the 
bullet  is  5  =  nx.  Thus,  we  have 

v  -  0  =  las  =  lanx 


or 


lax 


zr  x  100 

\9v2 


-  M  -  5.26 
19 


Thus  the  minimum  number  of  planks  required  is  6. 
Hence  the  correct  choice  is  (b). 

17.  Let  u  cms~'  be  the  speed  of  the  bullet.  Since  the 
mass  of  the  bullet  remains  unchanged,  its  speeds 

becomes  v  =  ^  cms-1  after  it  penetrates  a  distance 

x  =  3.5  cm.  The  retardation  a  due  to  the  resistance 
of  the  wooden  plank  is  given  by 

u2  —  v2  =  lax  or  u2  -  f— 1  =  la  X  3.5 
2 

which  gives  a  =  —  cms~2.  The  bullet  will  come  to 

16 

rest  when  its  velocity  v'  =  0.  If  x'  is  the  thickness 


penetrated  by  the  bullet,  then 
it  -  v'2  =  lax' 

1  2 
,  U~  U  _9 

or  x  =  —  .  But  a  =  —  cms  . 
la  16 


Therefore  x'  = 


it  x  1 6 
lit 


cm 


Hence  the  correct  choice  is  (a). 

18.  Since  the  wood  offers  a  constant  deceleration 
and  hence  a  constant  retardation  force,  the  bullet 
will  lose  the  remaining  75%  of  its  kinetic  energy 
after  penetrating  a  further  distance  of  3x.  Therefore, 
the  total  distance  penetrated  by  the  bullet  before 
it  comes  to  rest  =  x  +  3x  =  4x.  Hence  the  correct 
choice  is  (b). 

19.  Force  of  friction  =  pmg.  Therefore,  retardation 
a  =  jd  mg/m  =  Ug. 

Also  lax  =  v 2  or  lam2x  =  ntv2.  But  p  =  mv. 
Therefore, 

o  2  2 

2  am  x  =  p 

But  a  =  fig.  Therefore,  2  fig  ntx  =  p1 

2 

or  fi  =  — P  .  Hence  the  correct  choice  is  (a). 

2  gmlx 

M 

20.  The  mass  per  unit  length  of  the  chain  m  =  — . 

The  mass  of  the  hanging  portion  of  the  chain  is 

m  =  ni^- .  This  mass  can  be  assumed  to  be  con- 
n 

centrated  at  the  centre  of  the  hanging  portion  of  the 

chain  which  is  a  distance  of  x  =  —  from  the  edge 

In 


of  the  table.  Therefore,  the  work  done  in  pulling  the 
hanging  portion  of  the  chain  on  to  the  table  top  is 

...  ,  mL  L 

W  =  m  gx  =  —  x  g  x  — 
n  In 


mgl}  _  MgL 
2n  2n 


21. 


Hence  the  correct  choice  is  (d). 

Since  the  platform  is  depressed  by  an  amount  x, 
the  total  work  done  on  the  spring  is  mg  ( h  +  x). 
This  work  is  stored  in  the  spring  in  the  form  of 


potential  energy 


]_ 

2 


kx2.  Equating  the  two,  we 


have 


mg  ( h  +  x)  or  k  = 


2m  g(h  +  x) 
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Given,  h  =  0.4  m,  x  =  0.1  m,  m  =  1  kg  and 
g  =  10  ms~2.  Substituting  these  values,  we  get 
k=  1000  Nm  Hence  the  correct  choice  is  (c). 

22.  The  instantaneous  velocity  of  the  particle  is 

v=  —  =  —  (3?-  At2  +  ?3)  =  3  -  8?  +  It2 
dt  dt 

The  instantaneous  acceleration  of  the  particle  is 


dv  d 

a  =  —  =  —  (3 
dt  dt 


8 1  +  3t ) - 8  +  6? 


Work  done  in  first  4  seconds  is 

4  4  dx 

W  =  J F  dx  =  jma-j--dt 


=  m  J  (-  8  +  6 1)  (3  -  8?  +  3?2)  dt 


=  m  J  (-  24  +  82 1  -  lit1  +  18?3)  dt 


=  m 


-24?  +  41? 


■  24?3  +  -?4 


=  m  (-  96  +  656  -  1536  +  1152) 

=  176  m  =  176  X  3  x  10~3 

(v  m  =  3  x  10~3  kg) 

=  528  x  10~3  =  528  mJ 

(y  1  mJ  =  10~3  J) 

The  closest  choice  is  (d). 

23.  The  centripetal  force,  being  directed  towards  the 
centre  is  always  perpendicular  to  the  direction  of 
displacement  which  is  the  direction  of  the  velocity. 
Thus  the  dot  product  F  S  =  0,  i.e.  work  done  is  zero, 
which  is  choice  (a). 

1  2 

24.  Kinetic  energy  K  =  —  mv  .  If  a  is  the  accelera¬ 
tion,  then  v2  =  lad.  But  a  =  force/mass  =  Flm. 

^  r  2  IF  d  TT  1  IF  d 

Therefore,  v  =  - .  Hence  K  =  —  m  X  - 

m  2  m 

=  Fd,  which  is  independent  of  m.  Thus  the  correct 

choice  is  (b). 

25.  Work  done  is 

5  5 

W  =  Jf dx  =  J(7  -  lx  +  3x2^dx 


=  yx  —  x  +x | 

=  1x5-  (5)2  +  (5)3  =  135  J 


Hence  the  correct  choice  is  (d). 


26.  The  displacement  of  the  particle  is 

r  =  r2  -  G  =  (14 i  +  13  j  +  9k) 

A  A  a 

-  (3  i  +  2  j  -6k) 

=  (11  i  +  11  j  +  15k) 

Work  done  =  F-r 

=  (Hi  +  11  j  +  15k>(4  i  +  j  +3k) 

=  4  x  11  +  11  +  3  x  15  =  100  J 
Hence  the  correct  choice  is  (b). 

1  2 

27.  Momentum  p  =  mv  or  p 2  =  m2v2  or  —  —  = 

,  2  m 

1  2 

—  mv  .  Thus  the  kinetic  energy  is 


K=  ?- 


2 

0 

2  m 


If  p  increases  by  20%,  the  new  momentum  is 
p'  =  1.2  p.  Therefore  the  new  kinetic  energy  will 
be 

K'  =  ^ 2p ^  =  1.44  —  =  1.44  K 


2  m 


i.e  K  increases  by  0.44  K.  The  percentage  increase 
0.44  K 

in  K  is  -  X  100  =  44%,  which  is  choice  (a). 

K 

28.  Work  done  =  area  under  the  (F—x)  graph 

=  -  x  10x4  +  10x4+  — 

2  2 

x  10  x  4  =  80  J 

Now,  work  done  =  increase  in  kinetic  energy.  If  v 
is  the  velocity  at  x  =  2  m,  then  increase  in  K.E.  = 

1  2 

—  mv  .  Therefore 
2 

1  2  2  80x2  80x2 

-  mv  =  80  or  v  =  -  =  - 

2  m  0.1 

=  1600 

or  v  =  40  ms-1,  which  is  choice  (d). 

29.  In  going  from  (0,  0)  to  ( a ,  0),  the  x-coordinate  varies 
from  0  to  a  while  the  y-coordinate  remains  zero. 

Work  done  by  force  F  along  this  path  is  (  v  y  =  0) 

a  a  A  A 

W1=  j*F-dx  =  J-(Kxj)  dx  i  =  0 
o  o 

A  A 

(v  j  i  =0) 

In  going  from  ( a ,  0)  to  ( a ,  a),  the  x-coordinate 
remains  constant  at  x  =  a  while  the  y-coordinate 
changes  from  0  to  a. 


Work,  Energy  and  Power  6.21 


Work  done  by  force  F  along  this  path  is  (  v  x  =  a ) 

w2  J  F  •  dy  =  j  K  (yi  +  a\\-dy  j 

0  0  ^  ' 
a 

=  —  Ka  |  dy  =  —  Ka2 
o 

A  A  A  A 

(v  i  j  =0,  j  - j  =  1) 


Since  work  is  a  scalar  quantity,  the  total  work  done 
is 

W=  Wj  +  W2  =  0  -  Ka2  =  -  Ka 2 

Hence  the  correct  choice  is  (c). 

30.  The  power  output  of  the  generator  is  directly  pro¬ 
portional  to  (i)  the  velocity  v  of  the  air  molecules 
in  wind  and  (ii)  the  average  kinetic  energy  KE  = 

1  2 

—  mv  of  the  striking  molecules  (which  is  propor¬ 
tional  v2).  Hence 
Power  output  °c  v  x  v2  °c  v2 


which  is  choice  (c). 

31.  The  velocity  of  the  body  at  time  t  is  given  by 


v  = 


dx 

dt 


d_ 

dt 


ft2\ 


V  ^  J 


t 

2 


At  t  =  0,  v  =  u  =  0  and  t  =  2  s,  v  =  1  ms  ',  Now, 
work  done  =  increase  in  KE 


1  2  1  2  1  2 

=  —  mv  —  —  mu"  =  —  mv  —  (J 

2  2  2 

=  -  mv2  =  -  x  6  x  (l)2 
2  2 

=  3  J.  Hence  the  correct  choice  is  (d). 


32.  Work  done  =  increase  in  potential  energy  in  (i)  raising 
the  weight  150  N  of  the  ladder  through  a  height  1  m 
and  (ii)  raising  a  weight  40  N  through  2.5  m 
=  150  N  X  1  m  +  40  N  x  2.5  m 


=  250  Nm  =  250  J 


Hence  the  correct  choice  is  (b). 

33.  Friction  force  =  /u  mg  =  0.2  x  5  x  10  =  10N. 
Effective  force  F  =  applied  force  -  frictional  force 
=  25  —  10  =  15  N.  Kinetic  energy  =  work  done 
by  force  F  in  pulling  the  body  through  a  distance 
S  (=  10  m)  =  15  x  10  =  150  J,  which  is  choice  (b). 

34.  The  retardation  is  given  by  [see  Fig.  6.22] 

a  =  g  ()i  cos  6  +  sin  8)  (i) 

Let  n  be  the  initial  velocity  of  the  body.  If  it  is 
stopped  after  moving  a  distance  s  up  the  plane, 
then 

u2  =  las 

1  2 

.-.  Kinetic  energy  =  E  =  —  mu 


=  —  m  X  las  =  mas 
2 


(ii) 


Now,  work  done  is 

W  =  gain  in  PE  =  mgh 


It  is  clear  from  the  figure  that  h  =  s 
fore, 

sin  8.  There¬ 

W  =  mgs  sin  8 

in) 

From  (i),  we  have 

a 

g  =  - 

(jti  cos  8  +  sin  8) 

(iv) 

. ,  ^  sin  8 

Also  /u  =  tan  8  =  - 

COS0 

or  sin  8  =  cos  8 

Using  (iv)  and  (v)  in  (iii),  we  have 

(v) 

mas  {fr  cos  8) 

{H  cos  8  +  sin  8) 

(Vi) 

Using  (ii)  in  (vi),  we  get 


W  =  — FE  cos  9 — ,  which  is  choice  (d). 
(jU  cos  8  +  sin  8) 


35.  Retardation  (—  a)  is  proportional  to  displacement 
(x),  i.e.  -  a  oc  x  or  a  oc  ^  x.  Hence  the  motion  of 
the  particle  is  simple  harmonic.  When  the  displace¬ 


ment  is  x,  the  kinetic  energy 


1 

—  777 
2 


co2  (A2  -  x2), 


where  m,  co  and  A  are  the  mass,  angular  frequency 
and  amplitude  respectively.  When  displacement 


x  =  0,  the  kinetic  energy  =  —  m  or  A2.  Therefore, 


the  loss  of  kinetic  energy  for  a  displacement  x  is 


—  mar  A2  -  —  mar  (A2  -  x2)  =  —  morx2 
2  2  2 
2 

which  is  proportional  to  x  (since  m  and  a>  are  con¬ 
stants  of  the  motion.  Hence  the  correct  choice  is  (a). 
36.  Power  delivered  in  time  is  1\  :  F  •  v, :  !  m  a  •  Vj 


Now,  acceleration  vector  is  a  =  — .  Therefore 


P  i  = 


772  Vx  ■  Vx 


mv . 


(•••  Vj  •  Vj  =  Vi) 
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Power  delivered  per  unit  time  =  — 

h 


p 

Power  delivered  at  time  t=  —  x  t  = 


2. 

mv j  t 


Hence  the  correct  choice  is  (b).  Notice  that  choices 
(a),  (c)  and  (d)  do  not  have  the  dimensions  of  power. 


AAA 


37.  W=F  •  r  =  5 i  +  3  j  +  2k  •  2 i  -  j 


AA  A  A  AA  AA  AA 

=  10 i ■  i  —  3 j  j  v  i  j  =  k  i=k  j  =  0 


=  10  -  3  =  7 

Hence  the  correct  choice  is  (b). 

38.  If  mass  m  falls  through  a  distance  h,  mass  m  rises  up 
through  the  same  distance  h.  Let  v  be  the  common 
velocity  of  the  masses  when  this  happens.  Now, 
loss  in  PE  =  gain  in  KE,  i.e. 

1  2 

Mgh  -  mgh  =  —  ( M  +  m)  v 


,  .  ,  •  2gh  (M  -  m) 

which  gives  v  =  J — : - : —  ,  which  is  choice 


(C).  V  ( M  +  m) 

39.  When  M  has  descended  a  distance  h,  loss  of  PE  = 
Mgh.  If  v  is  the  common  velocity  of  the  masses, 

1  i 

gain  in  KE  =  —  ( M+  m)  V.  Hence 

1  i 

—  ( M  +  m  )  v  =  Mgh 


or 


v  = 


2  Mgh 


,  which  is  choice  (c). 


'  (M  +  m ) 

40.  Relative  speed  of  man  with  respect  to  escalator  = 
( v  -  u ). 

.'.  Actual  displacement  of  man  per  second  = 
( v  -  u). 

Hence,  the  actual  displacement  of  man  in  going  up 


the  escalator  of  hight  h  is 


vh 


(v  -  w) 


.  Therefore, 


Work  done  =  mg  x 


vh 


which  is  choice  (d) 


(p  -  p) 

41.  Given  U=  6x+  8_y  joule  and  mass  m  =  2  kg.  Force 
along  x-axis  is 

^ .  dU  d  _ 

\FX\  =  - =  —  (6x  +  8y)  =  6  newton 

dx  dx 

Force  along  y-axis  is 

\F  \  =  =  —  (6x  +  8y)  =  8  newton 

dydy 


Therefore,  the  x  and  y  components  of  acceleration 
are 

a  =  =  —  =  3  ms-2 

m  2 


\F„ 


and  av  =  — - 

y  m  2 


■  =  —  =  4  ms 
2 

.".  Resultant  acceleration  a  =  yjax  +  a2v 


V(3)2+(4)2 


=  5  ms 


The  x  and  y  coordinates  of  the  body  at  time  t  are 


x  =  xn 


-  a.,  t2  =  6  -  -  x  3  x  t2 
2  x  2 


=  |  6  -  - 12 
2 


metre 


and 


1  2  A  1  A  2 

y  =  To  -  -  ay  r  =  4  -  -  X  4  X  t 


=  (4  -  2 12  j  metre 

The  body  will  cross  the  y-axis  when  x  =  0,  i.e.  at 


time  t  given  by  ^6  —  —  t  J  =  0  or  t  =  2  s.  Hence  the 

correct  choice  is  (b). 

42.  vr  =  aYt  =  3  ms~2  x  2  s  =  6  ms-1 


v,,  =  a,,  t  =  4ms"x2s  = 

y  y 


ms 


v  =  ]vl  +  ^  =  V(6)2  +  (8)2  =  10  ms  1 

Hence  the  correct  choice  is  (c). 

43.  Gravitational  force  is  conservative.  The  work  done 
by  a  conservative  force  on  a  particle  moving  be¬ 
tween  two  points  does  not  depend  on  the  path  taken 
by  the  particle.  Hence  the  correct  choice  is  (b). 

44.  The  potential  energy  of  the  particle  is  given  by 

U  =  —  |  Fdx  =  - 1  (—  kx  +  ax2)  dx 


2  4  2 

XXX  7 

or  U  =  k - a  —  =  —  (2k  -  ax2) 

2  4  4 


(1) 


From  Eq.  (1)  it  follows  that  U=  0  at  two  values  of 

x  which  are  x  =  0  and  x  =  2kl a  .  Hence  graphs 

(b)  and  (c)  are  not  possible.  Also  U  is  maximum  or 

minimum  at  a  value  of  x  given  by  -  =  0,  i.e. 

dx 


0=  A 
dx 


fkx2 


ax 


=  kx  -  ax5 


or 


=  x(k  -  ax2) 

■  =  yjk/a  .  At  this  value  of  x, 
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U  is  maximum  if 


d2U 
dx 2 


<  0, 


Now 


d2U 

dx2 


—  (kx  -  ax3)  =  k  -  3 ax2, 
dx 


At 


d2U 

dx2 


=  k  -  3a 


k 

a 


=  k  -  3k  =  -  2k,  which  is  negative. 

Hence  U  is  maximum  at  x  =  yjk/a  . 

Hence  graph  (a)  is  also  not  possible.  Also  U is  neg¬ 
ative  for  x  >  yjlkla  .  Therefore,  the  correct  graph 
is  (d). 

45.  Mass  of  the  drop  m  =  volume  X  density  of  water  = 
An  3  . 

—  r  p ,  where  p  is  the  density  of  water.  Work  done 
by  gravitational  force  is 


W  =  mgh  =  —^~r3pgh 

3  i 

Thus  Woe  r  .  Hence  the  correct  choice  is  (c). 

46.  At  the  highest  point,  the  energy  of  the  ball  is 
entirely  potential  =  mgh  and  at  the  lowest  point,  the 

1  2  . 

energy  is  entirely  kinetic  =  —  mv  .  Since  friction 


is  absent,  the  principle  of  conservation  of  energy 
requires 

1  2  ; 

—  mv  =  mgh 


or  v  =  yjlgh=yj 2  x  10  x  0.2  =  2  ms  l  Hence  the 
correct  choice  is  (b). 

47.  PE  at  A  =  mgh.  Since  10%  of  this  energy  is  lost,  KE 

90 

at  point  B  =  mgh  X  yyyy  =  0.9  mgh.  Therefore, 

1  2 

—  mv  =0.9  mgh 

or  v 2  =  1.8  gh  =  1.8x10x2  =  36 
which  gives  v  =  6  ms-1.  Hence  the  correct  choice 
is  (d). 

48.  Initial  PE  =  mgh.  Now,  gain  in  KE  =  loss  in  PE. 
Thus 

1  2  1 

—  mv  =  —  mgh 
2  2 

or  v  =  yfgh 

Hence  the  correct  choice  is  (a). 


1  2 

49.  Initial  KE  =  —  mV.  Now,  gain  in  PE  =  loss  in  KE. 
Thus  2 

,  1  2 
mgh  =  —  mv 


or 


Hence  the  correct  choice  is  (d). 


50.  If  a  is  the  deceleration  due  to  the  force  of  friction/ 


then 

2  ax  =  v 2 

or 

1  2 

—  mv  =  max 

2 


or  KE  =fx  ('•'/=  ma) 

Thus  if  KE  is  doubled,  x  is  also  doubled.  Hence  the 
correct  choice  is  (c). 

51.  Height  h  =  10  m.  PE  at  this  height  =  mgh.  On 
reaching  the  ground,  KE  =  mgh.  Since  the  body 
loses  25%  of  energy  due  to  impact,  KE  of  the  body 
after  one  impact  =  0.75  mgh.  If  is  the  initial 
upward  velocity  after  the  impact,  we  have 


1  2 

—  mv  x  =  0.75  mgh 


3 

4 


mgh 


or 


v\  =  1.5  gh 


The  height  hx  to  which  the  body  will  rise  is 


Ih=  -^  = 


vT  1 .5gh 


=  0.75  h 


2  g  2  g 

=  0.75  x  10  =  7.5  m  (v  h  =  10  m) 

Hence  the  correct  choice  is  (c). 

52.  After  the  second  impact,  the  initial  KE  of  body  = 

3  [3\2 

75%  of  —  mgh  =  —  mgh,  i.e. 


or 


—  mv~2  =  —  mgh 


v\  =  l  Sh 


The  height  h2  to  which  the  body  will  rise  after  the 
second  impact  is 

,  v2  9 gh  9  ,  9x10  45 

h7  =  —  =  — - —  =  — h  =  -  =  —  m 

2g  8  x  2g  16  16  8 

Hence  the  correct  choice  is  (d). 

53.  As  the  body  rises,  the  initial  kinetic  energy  is 
converted  into  potential  energy.  At  the  maximum 
height  h,  the  energy  is  entirely  potential  =  mgh, 
which  is  equal  to  the  initial  kinetic  energy.  Let  h' 
be  the  height  where  the  kinetic  energy  is  75%  of 
its  initial  value.  At  this  height,  the  potential  energy 
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must  be  25%  of  its  maximum  value,  i.e.  at  height 
h',  PE  =  0.25  mgh.  Thus  mgh'  =  0.25  mgh  or  h'  = 
h 

—  .  Hence  the  correct  choice  is  (c). 

4 

54.  Let /be  the  force  of  friction  and  m  be  the  mass  of 
the  body.  The  retardation  a  =flm.  If  v  is  the  initial 
speed  of  the  body,  then 

lax  =  v1 2 

1  2  , 

or  max  =  —  mv  =  k 

2 


57. 


But  ma  =  f  Therefore  fa  =  k  or  /  =  k/x.  Hence  the 
correct  choice  is  (a). 

55.  Potential  energy  function  is 


x  x  i 

U(x)  =  F  dx  = -kj x  dx  = — kx2 
o  o  2 

The  value  of  Ufa)  is  always  negative  for  both 
positive  and  negative  values  of  x.  Thus  the  variation 
of  potential  energy  with  x  is  an  inverted  parabola  as 
shown  in  choice  (a). 

56.  Potential  energy  stored  in  spring  S x  when  the  block 

1  2 

B  is  moved  through  a  distance  x  is  Ul  =  —  fax 

1  ^  2 
=  —  kx ".  When  the  block  is  released,  it  moves  to  the 
2 

left,  compressing  the  spring  S2  through  a  distance 
y.  The  potential  energy  stored  in  spring  S2  when  its 

compression  isy  is  U2  =  ^  k2y2  =  ^  (4  fay2  =  2  ky2. 

Since  y  is  the  maximum  compression  of  spring  S2, 
from  conservation  of  energy,  we  have  Ul  =  U2,  i.e. 


—  kx2  =  2  ky2 

y  1 

which  givens  —  =  —  ,  which  is  choice  (c) 
x  2 

Refer  to  the  Fig.  6.23.  Here  OA  =  OB  =  OC  =  L  and 
OD  =  OC  cos  6  =  L  cos  ft  Therefore  h  =  OA  -  OD 
=  L-L  cos  9 


B 


Fig.  6.23 

or  h  =  L  (1  —  cos  ft).  From  conservation  of  energy, 
total  energy  at  A  =  total  energy  at  C,  i.e. 

+  mgL  ( 1  -  cos  ft ) 


^2=  M(l-cosft)  (1) 

The  minimum  velocity  the  bob  must  have  at  A  so 
as  to  reach  B  is  v  =  ^5 ~gL  .  Putting  this  in  Eq.  ( 1 ), 

7  3  n 

we  get  cos  9  = - .  Therefore  9  lies  between  — 

8  4 


and  n. 


% 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  In  which  of  the  following  is  no  work  done  by  the 
force? 

(a)  A  man  carrying  a  bucket  of  water,  walking 
on  a  level  road  with  a  uniform  velocity. 

(b)  A  drop  of  rain  falling  vertically  with  a  con¬ 
stant  velocity. 

(c)  A  man  whirling  a  stone  tied  to  a  string  in  a 
circle  with  a  constant  speed 

(d)  A  man  walking  up  on  a  staircase. 

2.  The  work  done  by  a  force  on  a  body  does  not  de¬ 
pend  upon 

(a)  the  mass  of  the  body 


(b)  the  displacement  of  the  body 

(c)  the  initial  velocity  of  the  body 

(d)  the  angle  between  the  force  vector  and  the 
displacement  vector 

3.  A  simple  pendulum  of  length  L  and  having  a  bob 
of  mass  Mis  oscillating  in  a  plane  about  a  vertical 
line  between  angular  limits  -  a  and  +  a.  At  a  time 
when  the  angular  displacement  is  0  (<  a),  the  ten¬ 
sion  in  the  string  is  T  and  the  velocity  of  the  bob  is 
v.  Which  of  the  following  relations  will  hold? 

(a)  T  cos  9  =  Mg 

(b)  T—  Mg  cos  9  =  Mv2IL 
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(c)  The  magnitude  of  the  tangential  acceleration 
of  the  bob  is  \aT\  =  g  sin  9 

(d)  T  =  Mg  cos  9 

4.  A  particle  is  acted  upon  by  a  force  of  constant 
magnitude  which  is  always  perpendicular  to  the 
velocity  of  the  particle.  The  motion  of  the  particle 
takes  place  in  a  plane.  It  follows  that 

(a)  the  velocity  of  the  particle  is  constant 

(b)  the  acceleration  of  the  particle  is  constant 

(c)  the  kinetic  energy  of  the  particle  is  constant 

(d)  the  particle  moves  in  a  circular  path. 

<  IIT,  1987 

5.  Two  inclined  frictionless  tracks  of  different  incli¬ 
nations  meet  at  A  from  where  two  blocks  P  and  Q 
of  different  masses  are  allowed  to  slide  down  from 
rest  at  the  same  time,  one  on  each  track,  as  shown 
in  Fig.  6.24. 


(a)  Both  blocks  will  reach  the  bottom  at  the  same 
time 

(b)  Block  Q  will  reach  the  bottom  earlier  than 
block  P 

(c)  Both  blocks  reach  the  bottom  with  the  same 
speed 

(d)  Block  Q  will  reach  the  bottom  with  a  higher 
speed  than  block  P 

6.  Choose  the  correct  statements  from  the  following: 

(a)  When  a  conservative  force  does  positive  work 
on  a  body,  its  potential  energy  increases. 

(b)  When  a  body  does  work  against  friction,  its 
kinetic  energy  decreases. 

(c)  The  rate  of  change  of  total  momentum  of  a 
many  particle  system  is  proportional  to  the 
net  external  force  acting  on  the  system. 

(d)  The  rate  of  change  of  total  momentum  of 
many  particle  system  is  proportional  to  the 
net  internal  force  acting  on  the  system. 

7.  Which  of  the  following  forces  are  conservative? 

(a)  Coulomb  force  between  charged  particles  at  rest 

(b)  Force  of  a  compressed  elastic  spring 

(c)  Gravitational  force  between  two  masses 

(d)  Frictional  force. 

8.  A  body  of  m  is  moving  in  a  straight  line  at  a  con¬ 
stant  speed  v.  Its  kinetic  energy  is  k  and  the  magni¬ 


tude  of  its  momentum  is  p.  Which  of  the  following 
relations  is/are  correct? 

(a)  p  =  yjlmk  (b)  p  = 

(c)  2 k  =  pv  (d)  v=  — 

V  P 

9.  A  block  of  mass  m  is  taken  from  the  bottom  of  an 
inclined  plane  to  its  top  and  then  allowed  to  slide 
down  to  the  bottom  again.  The  length  of  the  inclined 
plane  is  L  and  the  coefficient  of  friction  between  the 
block  and  the  plane  is  p.  The  inclination  of  the  plane 
is  0. 

(a)  The  work  done  by  the  gravitational  force  over 
the  round  trip  is  zero. 

(b)  The  work  done  by  the  applied  force  over  the 
upward  journey  is  mgL  (sin0  +  p  cos 9). 

(c)  The  work  done  by  the  frictional  force  over  the 
round  trip  is  zero. 

(d)  The  kinetic  energy  of  the  block  when  it  reaches 
the  bottom  is  mgL  (sin  69  -  p  cos 9). 

10.  A  uniform  rod  has  a  mass  m  and  a  length  l.  The 
potential  energy  of  the  rod  when 

(a)  it  stands  vertically  is  zero. 

(b)  it  stands  vertically  is  mglt 2 

(c)  it  is  inclined  at  an  angle  9  with  vertical  is 

—  mgl  cos  9. 

(d)  it  is  inclined  at  an  angle  9  with  the  vertical  is 

—  mgl  sin  9. 

2  s 

11.  A  body  is  subjected  to  a  constant  force  F  in  newton 
given  by 

A  A  A 

F  -  i  + 2 j  +3k 

A  A  A 

where  i  ,  j  and  k  are  unit  vectors  along  x,  y  and 
z  axes  respectively.  The  work  done  by  this  force  in 
moving  the  body  through  a  distance  of 

(a)  4  m  along  the  z-axis  is  12  J. 

(b)  3  m  along  the  y-axis  is  6  J. 

(c)  4  m  along  the  z-axis  and  then  3  m  along  the 
y-axis  is  1 8  J. 

(d)  4  m  along  the  z-axis  and  then  3  m  along  the 
y-axis  is  -y/ (12)2  +(6)2  J. 

12.  Figure  6.25  shows  the  force  F (in  newton)  acting  on 
a  body  as  a  function  of  x.  The  work  done  in  moving 
the  body 

(a)  from  x  =  0  to  x  =  1  m  is  2.5  J. 

(b)  from  x  =  1  m  to  x  =  3  m  is  10  J. 

(c)  from  x  =  0  to  x  =  4  m  is  15  J. 

(d)  from  x  =  0  to  x  =  4  m  is  12.5  J. 
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Fig.  6.25 

13.  A  block  of  mass  2  kg,  initially  at  rest  on  a  horizontal 
floor,  moves  under  the  action  of  a  force  of  10  N. 
The  coefficient  of  friction  between  the  block  and 
the  floor  is  0.2.  If  g  =  10  ms  2 

(a)  the  work  done  by  the  applied  force  in  4  s  is 
240  J. 

(b)  the  work  done  by  the  frictional  force  in  4  s 
is  96  J. 

(c)  the  work  done  by  the  net  force  in  4  s  is  336  J. 

(d)  the  change  in  kinetic  energy  of  the  block  in 
4  s  is  144  J. 

14.  In  which  of  the  following  cases  is  no  work  done  by 
the  force? 

(a)  A  satellite  revolving  around  the  earth  in  a 
circular  orbit. 

(b)  The  electron  revolving  around  the  proton  in 
a  hydrogen  atom. 

(c)  A  charged  particle  moving  in  a  circle  in  a 
uniform  magnetic  field. 

(d)  A  man  carrying  a  load  on  his  head  and  walk¬ 
ing  on  a  level  road  at  a  uniform  velocity. 

15.  A  raindrop  falls  from  a  certain  height  above  the 
ground.  Due  to  the  resistance  of  air,  its  accelera¬ 
tion  gradually  decreases  until  it  becomes  zero 
when  the  drop  is  at  half  its  original  height.  If 
Wx  and  W2  are  the  amounts  of  work  done  by  the 
gravitational  force  during  the  first  and  second  half 
of  the  journey,  then 

(a)  W |  >  W2  (b)  W |  <  W2 

(c)  W j  =  W2  *  0  (d)  W j  =  W2  =  0 

16.  A  particle  of  mass  m  is  moving  in  a  horizontal 
circle  of  radius  r,  under  a  centripetal  force  F  =  k/r1 
where  A:  is  a  constant. 

(a)  The  kinetic  energy  of  the  particle  is  kllr. 

(b)  The  potential  energy  of  the  particle  is  -  kllr. 

(c)  The  total  energy  of  the  particle  is  -  k/lr. 

(d)  The  total  energy  of  the  particle  is  zero. 

17.  The  displacement  x  (in  metres)  of  a  particle  of  mass 
1 00  g  moving  in  a  straight  line  under  the  action  of 


a  constant  force  is  related  to  time  t  (in  seconds)  as 
4x  =  t  -  2 

—2 

(a)  The  acceleration  of  the  particle  is  1  ms  . 

(b)  The  acceleration  of  the  particle  is  2  ms'2. 

(c)  The  velocity  of  the  particle  at  t  =  3  s  is  2  ms'1. 

(d)  The  work  done  by  the  force  in  5  s  is  1.8  J. 

18.  Two  springs  1  and  2  have  spring  constants  kx  and 
k2  (k]  >  k2).  IV t  and  W2  are  the  amounts  of  work 
done  to  increase  the  lengths  of  springs  1  and  2  by 
the  same  amount  and  W3  and  W4  are  the  amounts  of 
work  done  when  springs  1  and  2  are  stretched  with 
the  same  force.  Then 

(a)  Wx  >  W2  (b)  Wx  <  W2 

(c)  W3  >  W4  (d)  W3  <  W4 

19.  A  box  of  mass  m  is  dragged  along  a  horizontal 
surface  with  a  uniform  speed  with  a  force  F 
directed  at  an  angle  9  with  the  horizontal  as  shown 
in  Fig.  6.26.  The  coefficient  of  kinetic  friction 
between  the  box  and  the  surface  is  /u. 

(a)  The  normal  reaction  on  the  box  is 

F  cos  8 

I\  ~  -  . 

F 

(b)  The  normal  reaction  on  the  box  is 

R  =  (mg  -  F  sin  9) 

(c)  The  work  done  on  the  box  in  dragging  it 
through  a  distance  x  is 

w=  _ _ . 

(sin  8  +  fi  cos  8) 

(d)  The  work  done  on  the  box  in  dragging  it 
through  a  distance  x  is 


Fig.  6.26 


20.  A  force  F  =  (3  i  +  4  j )  newton  acts  on  a  particle 
located  at  the  origin  O. 

(a)  The  work  done  in  taking  the  particle  from  O 
along  the  x-axis  to  a  point  A  (1  m,  0)  is  6  J. 

(b)  The  work  done  in  taking  the  particle  from  A 
parallel  to  the  y-axis  to  a  point  B  (3  m,  2  m) 
is  8  J. 

(c)  The  work  done  in  taking  the  particle  from  O 
to  A  and  then  to  B  is  14  J. 
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(d)  The  work  done  in  taking  particle  from  O 
directly  to  B  is  10  J. 

21.  The  potential  energy  of  a  system  varies  with 
distance  x  as 


U=  ax "  —  bx 

where  a  and  b  are  positive  constants.  Then 

(a)  the  potential  energy  is  minimum  at  x  =  blla 

b  2 

and  Umm  =  -  — . 

4a 

(b)  the  potential  energy  is  maximum  at  x  =  blla 

jl 

and  ^max  =  —  • 

4  a 

(c)  The  force  acting  on  the  system  decreases 
linearly  with  x. 

(d)  The  force  acting  on  the  system  is  proportional 
to  x2. 
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22.  A  car  is  of  mass  m  moving  along  a  circular  track  of 
radius  r  with  a  speed  which  increases  linearly  with 
time  t  as  v  =  kt,  where  k  is  a  constant.  Then 

(a)  the  instantaneous  power  delivered  by  the 
centripetal  force  is  mk  t  lr. 

(b)  the  power  delivered  by  the  centripetal  force 
is  zero. 

(c)  the  instantaneous  power  delivered  by  the 
tangential  force  is  mJct. 

(d)  the  power  delivered  by  the  tangential  force 
is  zero. 

23.  A  body  of  weight  mg  is  suspended  from  a  rigid 
support  by  two  light  strings  AB  and  AC  as  shown 
in  Fig.  6.27.  The  tension  in  string  AB  is  Tx  and  in 
string  AC  the  tension  is  T2.  Then 


24. 


(a)  Tj  =  73  T, 

(b)  T2=  73  Tj 


(c)r,=  ^.z-2.^S 


mg 


Fig.  6.27 

The  potential  energy  function  of  a  particle  executing 
linear  simple  harmonic  motion  is  given  by 

U(x)  =  ^  kx2 

where  x  is  the  displacement  of  the  particle  from 
the  equilibrium  position  x  =  0  and  k  is  the  force 
constant  of  the  oscillator.  Figure  6.28  shows  the 
graph  of  U(x)  against  x  for  k  =  0.5  Nm  '.  If  the  total 
energy  of  the  particle  is  1  J,  it  will  turn  back  when 
it  reaches  the  position 
(a)  x  =  —  1  m  (b)  x  =  -  2  m 

(c)  x  =  +  2  m  (d)  x  =  +  1  m 


ANSWERS  AND  SOLUTIONS 

1.  In  choices  (a)  and  (c),  no  work  is  done  because 
the  force  of  gravity  in  choice  (a),  and  the  centrip¬ 
etal  force  in  choice  (c)  are  perpendicular  to  the 
direction  of  the  displacement.  In  choice  (b),  no  net 
force  acts  on  the  raindrop  since  it  is  falling  with  a 
uniform  velocity,  hence  no  work  is  done.  In  choice 
(d),  the  man  has  to  do  work  against  gravity.  Hence 
the  correct  choices  are  (a),  (b)  and  (c). 

2.  The  correct  choices  are  (a)  and  (c). 

3.  Referring  to  Fig.  6.29,  the  net  force  along  the 
string  is  F  =  T  -  Mg  cos  9  and  this  force  provides 
the  centripetal  force  Mv2IL  necessary  for  circular 
motion  of  the  bob.  Hence  choice  (b)  is  correct. 


Relation  (a)  i.e.  T  cos  9  =  Mg  cannot  hold  for  all 
values  of  9  because  if  6  =  0,  then  T  =  Mg  and  the 
net  force  along  the  string  is 

F  =  T  —  Mg  cos  0  =  T  -  Mg  =  0 
Since  F  =  0,  there  would  be  no  centripetal  force 
and  the  bob  would  not  oscillate.  Hence  choice  (a) 
is  incorrect. 

The  tangential  acceleration  aT  of  the  bob  is  caused 
by  the  tangential  component  Mg  sin  9.  Therefore, 
aT  =  Mg  sin  91 M  =  g  sin  9.  Hence  choice  (c)  is 
correct.  The  relation  (d)  cannot  hold  because  if  T 
=  Mg  cos  9,  the  net  force  along  the  string  will  be 
zero.  Therefore,  there  will  be  no  centripetal  force. 


6.28  Comprehensive  Physics — JEE  Advanced 


Hence  the  correct  choices  are  (b)  and  (c). 


4.  The  particle  moves  in  a  circular  path  with  a  uni¬ 
form  speed,  because  the  force  has  a  constant 
magnitude  and  is  perpendicular  to  the  velocity  of 
the  particle.  The  velocity  and  acceleration  of  the 
particle  are  not  constant  because  their  directions 
are  changing  as  the  particle  moves  in  a  circular 
path.  The  magnitude  of  the  velocity  (i.e.  speed)  is 

1  2  . 

constant.  Therefore,  the  kinetic  energy  —  mu  is 

constant.  Hence  choices  (c)  and  (d)  are  correct  and 
choices  (a)  and  (b)  are  incorrect. 

5.  Refer  to  Fig.  6.30. 

The  accelerations  of  blocks  P  and  Q  are 


ax 


mxg  sin  9X 

?77j 


=  g  sin  9X 


and 


?7?2gsin02  . 

a2  =  -  =  g  sm  d2 

m0 


Since  d2  >  0X;  a2  >  ax.  Now  PE  of  block  P  at  A  = 

1  2 

777 [  gh.  Its  KE  on  reaching  the  bottom  =  —  7?71r?“1. 
Equating  the  two  we  get 

1  2  r 

-  mxu  x  =  mxgh 


or 


vx  =  Jlgh 


Similarly,  for  block  Q,  v2  =  2gh  .  Since  vx  =  v2, 
both  blocks  will  reach  the  bottom  with  the  same 
speed.  Now,  ux  =  axtx  (v  u  =  0)  and  v2  =  a2t2.  But 
vx  =  v2.  Therefore 

aih  =  aih 
a 2 

h  a\ 

Since  a2  >  ax;  tx  >  t2,  i.e.  blocki3  takes  a  longer  time 
to  reach  the  bottom.  Hence  the  correct  choices  are 
(b)  and  (c). 


A 


Fig.  6.30 

6.  The  work  done  by  a  conservative  force  is  equal 
to  the  negative  of  the  potential  energy.  When  the 
work  done  is  positive,  the  potential  energy  de¬ 
creases.  Thus  choice  (a)  is  incorrect.  Friction  al¬ 
ways  opposes  motion.  Hence,  when  a  body  does 
work  against  friction,  its  kinetic  energy  decreases. 
Thus  choice  (b)  is  correct.  The  rate  of  change  of 
total  momentum  of  a  many-particle  system  is  pro¬ 
portional  to  the  net  force  external  to  the  system; 
the  internal  forces  between  particles  cannot 
change  the  momentum  of  the  system.  Hence  the 
correct  choices  are  (b)  and  (c). 

7.  The  correct  choices  are  (a),  (b)  and  (c). 

2  , 

2  2  2  P  A  2 

8.  Now  p  =  77717  or  p  =77?  V  or  —  =  —  mu"  =  k  or 

2m  2 

p  =  \j2mk  .  Also  p  =  mu  and  k  =  —  mu2. 

Dividing  the  two  we  get  2k=pu.  Hence  the  correct 
relations  are  (a)  and  (c). 

9.  The  gravitational  force  is  conservative.  Therefore, 

the  work  done  by  the  gravitational  force  over  the 
round  trip  is  zero. 

Refer  to  Fig.  6.31. 

A 


Fig.  6.31 

When  the  block  is  moved  from  C  to  A,  the  force 
of  friction  /  acts  along  the  plane  in  the  downward 
direction  which  is  in  the  direction  of  the  component 
mg  sin  6>of  the  gravitational  force.  Hence  the  applied 
force  F  is 


F  =  mg  sin  9+f 
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frictional  force  f  f 

Now  fl  =  -  =  —  =  - 

normal  reaction  R  mg  cos  9 

f=  flmg  cos  9 

Therefore  F  =  mg  sin  9  +  fling  cos  9 
=  /ng(sin  9  +  fi  cos  9) 

Work  done  by  the  applied  force  over  the  upward 
journey  is 

Wa  =  FxL  =  7Mg(sin  9  +  m  cos  9)xL 
The  frictional  force  is  non-conservative.  Hence  the 
work  done  by  the  frictional  force  over  the  round 
trip  is  not  zero. 

When  the  block  is  at  a  point  A,  it  is  at  rest  and  its 
initial  velocity  u  =  0.  It  is  allowed  to  slide  down  the 
plane.  Let  v  be  the  velocity  when  it  reaches  the  bot¬ 
tom  C  of  the  plane.  Since  the  frictional  force  now 
acts  upwards,  the  net  force  acting  on  the  block  when 
it  slides  down  is 

Fn  =  mg  sin  9-f=  mg  sin  9 -  flmg  cos  9 


=  wg(sin  9-  fi  cos  9) 

f 

Acceleration  of  the  block,  a  =  — 

m 

=  g(sin  9  -  fi  cos  9).  The  velocity  v  is  given  by 
v2  -  it 2  =  2aL  (where  L  =  AC)  or  v2  =  2aL 

(v  w  =  0) 

.-.  Kinetic  energy, 


KE  =  -mv2 
2 


=  —  m  x  2AL  =  maL 
2 

or  KE  =  wg(sin  9~  fi  cos  9)L 


Hence  the  correct  choices  are  (a),  (b)  and  (d). 

10.  The  potential  energy  in  the  vertical  position  =  work 
done  in  raising  it  from  horizontal  position  to  verti¬ 
cal  position.  In  doing  so,  the  mid-point  of  the  rod 
is  raised  through  a  height  h  =  112.  Since  the  entire 
mass  of  the  rod  can  be  assumed  to  be  concentrated 
at  the  mid-point  (centre  of  gravity),  the  work  done 
=  mgh  =  mgll  2. 

Refer  to  Fig.  6.32. 

AD  =  AB  =  1.  In 
the  inclined  posi¬ 
tion,  let  the  centre 
of  gravity  C  of  the 
rod  be  at  a  height  h 
above  the  ground, 
so  that  AC  =  U2. 

In  triangle  ACE, 
we  have 


h  =  AC  sin(90°  -  9) 


—  cos  9 
2 


.’.  PE  =  mgh  =  —  mgl  cos  9.  The  correct  choices  are 
(b)  and  (c). 

11.  The  correct  choices  are  (a),  (b)  and  (c). 

A 

Displacement  along  the  z-axis  is  S  =  4k  metres. 
Therefore,  work  done  is 
Wj  =F  •  S 

AAA  A 

=  (-i  +  2  j  +  3 k )  •  (4 k ) 

A  A  A  A  A  A 

=  -4i  k  +8 j  k  +  12k  k 

A  A  A  A  A  A 

Now  i  •  k  =  0  and  j  •  k  =  0  because  j  and  j 

A  A  A 

are  perpendicular  to  k .  But  k  k  =  1 .  Therefore, 
Wx  =  12  J. 

A 

Displacement  along  the  y-axis  is  S  =  3  j  metres. 
Therefore,  the  work  done  is 

If2  =  F-S  =  (-i  +2j  +3k)-(3j)  =  6  j-j  =  6J 

Since  work  is  a  scalar,  the  total  work  done  is  just 
the  algebraic  sum  of  Wx  and  W2,  i.e.  W  =  Wx  +  W2 
=  12  +  6=  18  J. 


12.  The  correct  choices  are  (a),  . 

(b)  and  (c).  1 

Work  done  =  area  under 
the  F-x  graph.  Work  done 
by  the  force  in  moving  the 
body  from  x  =  0  to  x  =  1  m 
is  (see  Fig.  6.33) 

O  j  =  area  of  triangle  OAD 

=  -  x  AD  x  OD 
2 

=  -  x  5N  x  lm  =  2.5  J 
2 

Hence  the  correct  choice  is  (a). 

Work  done  in  moving  the  body  from  x  =  1  m  to 
x  =  3  m  is 

W2  =  area  of  rectangle  ABDE 

=  ADxDE  =  5  N  x  2  m  =  10  J, 
which  is  choice  (c) 

Work  done  in  moving  the  body  from  x  =  0  to  x  = 
4  m  is 

W3  =  area  of  (triangle  0/1 D  +  rectangle  ABDE  + 
triangle  BEC) 

=  2.5  +  10  +  2.5  =  15  J,  which  is  choice  (d). 

13.  The  correct  choices  are  (a),  (b)  and  (d). 

Force  of  friction  if)  =  /umg  =  0.2  x  2  x  10  =  4N. 
Applied  force  (F)  =  10N.  Since  friction  opposes 
motion,  the  net  force  acting  on  the  body  when  it  is 
moving  is 


Fig.  6.33 
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F'  =  F-f=  10-4  =  6N 

.  ,  .  F'  6N  „  _2 

Acceleration  a  =  —  =  -  =  3  ms 

M  2kg 

The  distance  travelled  by  block  in  4s  is 

1,1  , 

S=  ut+  —  at1  =  0  +  —  x  3  x  (4)"  =  24  m 
2  2 

Work  done  by  applied  force  in  4  s  is 
W=  applied  force  x  distance  moved  in  4  s 
=  10  Nx  24  m  =  240  J 
Work  done  by  the  force  of  friction  in  4  s  is 
W=fS=  4Nx24m  =  96  J. 

Work  done  by  the  net  force  in  4  s  is 

W  =  F's  =  6  N  x  24  m  =  144  J 
Velocity  acquired  by  the  block  in  4  s  is 

v  =  u  +  at=0  +  'ixA  =  \2  ms-1 
Kinetic  energy  of  the  block  at  t  =  4  s  is 

KE  =  -  mv2  =  -  x  2  x  (12)2  =  144  J 
2  2 

Since  the  initial  KE  =  0,  the  change  in  KE  =  144  J. 

14.  All  the  four  choices  are  correct.  In  choices  (a), 
(b)  and  (c),  the  centripetal  force  (being  radial)  is 
perpendicular  to  the  velocity  (and  hence  displace¬ 
ment)  vector.  In  choice  (d),  the  gravitational  force 
(being  vertically  downwards)  is  perpendicular  to 
the  displacement. 

15.  The  correct  choice  is  (c).  Work  done  is  each  half 
of  the  journey  =  mgh  where  h  =  77/2;  7/  being  the 
original  height  from  which  the  drop  fell. 

16.  The  correct  choices  are  (a)  and  (c). 

F  =  mV  =  -^r  or  mv 2  =  —  .  Therefore, 
r  r  r 

_ .  1  ,  k 

KE  =  —  mv 2  =  — 

2  2  r 


Now 


PE  =  f  Fdr  =  f \dr  =k\% 
J  J  rl  J 


Total  energy  =  KE  +  PE 

k  k  _  k 
2  r  r  2  r 

17.  The  correct  choices  are  (b),  (c)  and  (d). 
x  =  (t -2)2  =  t2  -  4t  +  4 
dx  d  , 

v=  —  =  —  (t2  -  4t  +  4)  =  2  t  -  4 
dt  dt 


dv  d  _2 

.’.  Acceleration  a  =  —  =  —  (2t  -  4)  =  2  ms 
dt  dt 

Now  F  =  ma  =  0.1  kg  x  2  ms~2 

=  0.2  N 

Now  distance  moved  in  t  =  5  s 


.•.  Work  done 


=  (5)2  -  4  x  5  -  4  “  9  m. 
W  =  0.2  X  x  9  m 
=  1.8  Nm  or  J 

1 


18.  If  the  increase  in  length  is  x,  Wl  =  —  kxx  and 

1  Wk 

W0  =  —  k2x  .  Therefore,  — -  =  — .  Since  kx  >  k2; 

2  W2  k2 

Wy  is  greater  than  W2. 

Let  a  force  F  extend  the  first  spring  by  x,  and  the 

Xi  ko 

second  by  x2.  Then  F  =  kxxx  =  k2  x2  or  —  =  — . 


1  ?  1 

Now  W3  =  —  kxx\  and  W4=  —  k2  x\.  Therefore. 


n 


Wo 


3  _  "1 


w. 


K 

(kA 

=  —  X 

— — 

1*2  J 

k-i 

k2 

=  —  <  1. 


Thus  the  correct  choices  are  (a)  and  (d). 

19.  The  different  forces  acting  on  the  block  are  shown 
in  Fig.  6.34.  It  follows  that 

fuR  =  F  cos  9  and  R  +  F  sin  6=  mg 
Eliminating  R  we  get 

umg 


20. 


F  = 


cos  9  +  n  sin  9 

R  Fsin  9 


Fig.  6.34 

Work  done  W  =  Fx 

Thus  the  correct  choices  are  (a),  (b)  and  (d). 

WQ^A=( 3i  +  4  j )  (2  i )  =  6  J 


WA_B  =  (3  i  +  4  j )  (2  j  )  =  8  J 
Wn^A^R  =6  +  8  =  14  J 


W, 


0->B 


=  (3  i  +  4  j )  (2  i  +2  j  )  =  6  +  8  =  14  J 
Hence  the  correct  choices  are  (a),  (b)  and  (c) 
dU  d2U 

21.  U  is  minimum  if  -  =  0  and  — —  >  0.  Now 

dx  dx 
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dU  d  2  ,  ,  „  ,  „  dU 

-  =  —  ( ax  —  bx)  =  Lax  -  b.  So  -  =  (J  at  x 

dx  dx  dx 


=  b/2a.  Also 


d2U 


d 


=  —  (2 ax  -  b)  =  2a,  which  is 
dx  dx 


positive.  Hence  choice  (a)  is  correct  and  choice  (b) 
is  wrong.  For  x  =  b/2a. 


(  b 


U^=a\-\  -b\-\=-J-a- 


\2a 

Force  acting  on  the  system  is 

F  = - —  =  b  —  2  ax 

dx 

Hence  choice  (c)  is  correct  and  choice  (d)  is  wrong. 

mv2  mk2t2 


22.  Centripetal  force  Fc  = 


Since  F„  is 


r  r 

perpendicular  to  v,  P  =  Fc  •  v  =  0.  Tangential  force 
mdv  d 

Ft  =  -  =  777  —  ( kt )  =  mk.  Since  F,  is  parallel  to 

dt  dt 

v,  P  =  F,  •  v  =  mk  ■  kt  =  mlct. 

Hence  the  correct  choices  are  (b)  and  (c). 

23.  Refer  to  Fig.  6.35.  It  follows  from  the  figure  that 
Tx  sin  60°  =  T2  sin  30°  (1) 

and  Tx  cos  60°  +  T2  cos  30°  =  mg  (2) 


Equations  (1)  and  (2)  give  Tx  =  and  T2=  V3  Tx 
y/3lTlg 

=  - .  Thus  the  correct  choices  are  (b)  and  (c). 


Fig.  6.35 


24.  At  any  instant  during  its  motion,  the  energy  of  the 
particle  is  partly  kinetic  and  partly  potential,  but  the 
total  energy  remains  constant.  If  v  is  the  velocity  of 
the  particle  and  x  its  displacement  from  the  mean 
position  at  an  instant  of  time,  then  at  that  instant  the 
total  energy  is 

E  =  K.E.  +  P.E.  =  -  mv2  +  -  kx2 
2  2 

where  m  is  the  mass  of  the  particle.  The  par¬ 
ticle  will  turn  back  when  v  =  0  momentarily.  At 

1  2 

that  moment  E  =  —  kx  =>  x  = 

2 

=  ±2m.  Hence  the  correct  choices  are  (b)  and  (c). 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

Invariance 

Newton’s  laws  of  motion  are  applicable  in  all  inertial  refer¬ 
ence  frames.  Some  physical  quantities,  when  measured  by 
observers  in  different  reference  frames,  have  exactly  the 
same  value.  Such  physical  quantities  are  called  invari¬ 
ant.  In  Newtonian  mechanics  mass,  time,  and  force  are 
invariant  quantities.  On  the  other  hand,  some  physical 
quantities,  when  measured  by  observers  in  different  refer¬ 
ence  frames,  do  not  have  the  same  value.  Such  physical 
quantities  are  called  not  invariant.  In  Newtonian  mechanics 
displacement,  velocity  and  work  (which  is  the  dot  product 
of  force  and  displacement)  are  not  invariant.  Also  kinetic 

1  2V 

=  —  mv  is  not  invariant. 

2  ) 


Physicists  believe  that  all  laws  of  physics  are  invariant 
in  all  inertial  reference  frames.  For  example,  the  work- 
energy  principle  states  that  the  change  in  the  kinetic  en¬ 
ergy  of  a  particle  is  equal  to  the  work  done  on  it  by  the 
force.  Although,  work  and  kinetic  energy  are  not  invariant 
in  all  reference  frames,  the  work-energy  principle  remains 
invariant.  Thus  even  though  different  observers  measuring 
the  motion  of  the  same  particle  find  different  values  of  work 
and  change  in  kinetic  energy,  they  all  find  that  the  work- 
energy  principle  holds  in  their  respective  frames. 

1.  Choose  the  invariant  quantities  from  the  following 

(a)  mass  (b)  time 

(c)  velocity  (d)  displacement 

2.  Which  of  the  following  quantities  is/are  not 
invariant 
(a)  Work 
(c)  Torque 


energy 


(b)  Kinetic  energy 
(d)  Displacement 
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3.  Choose  the  correct  statements  form  the  following. 

(a)  Kinetic  energy  is  not  invariant. 

(b)  Potential  energy  is  not  invariant. 

ANSWERS 


(c)  Laws  of  conservation  of  energy  and  momen¬ 
tum  are  invariant. 

(d)  All  laws  of  physics  are  invariant. 


1.  The  correct  choices  are  (a)  and  (b). 

2.  All  choices  are  correct. 


3. 


The  correct  choices  are  (c)  and  (d). 


Questions  4  to  8  are  based  on  the  following  passage 
Passage  II 

Mechanical  energy  exists  in  two  forms:  kinetic  energy  and 
potential  energy.  Kinetic  energy  is  the  energy  possessed  by 
a  body  by  virtue  of  motion.  Potential  energy  is  the  energy 
possessed  by  a  body  by  virtue  of  its  position  or  configuration. 
These  two  forms  of  energy  are  inter-convertible.  If  no  other 
form  of  energy  is  involved  in  a  process,  the  sum  of  kinetic 
energy  and  potential  energy  always  remains  constant. 

4.  Two  particles  of  masses  ml  and  m2  have  equal  linear 
momenta.  The  ratio  of  their  kinetic  energies  is 

(a)  1  (b)  & 

V  m\ 


171 1 


(c) 


(d) 


7«o 


V  "'1  J 


5.  Two  particles  of  masses  ml  and  m2  have  equal  ki¬ 
netic  energies.  The  ratio  of  their  linear  momenta 
is 


(a)  1 


(c)  ^ 

/770 


(b) 

(d) 


777, 


\m2  J 


SOLUTION 

1  i  1  2  P~ 

4.  Kinetic  energy  K  =  —  mV  =  —  (77717)  =  —  , 

2  2m  2m 

where  p  =  mv  is  the  linear  momentum.  Thus 


K 1  = 


2  m 


and  K*,  = 


2m  o 


—  =  —  ,  which  is  choice  (c). 

K2  777, 


5.  K  =  p1!2m  p  =  'JlmK  .  Hence  the  correct  choice 

is  (b). 

6.  Let  v  and  if  be  the  original  speeds  of  the  heavier  and 
the  lighter  particles  respectively.  We  then  have 


1 


1 


1  (777^ 


—  mV  =  —  X  { —  —  Z7 

‘  2\2) 

v2  =  —  v'2  or  v'  =  2v 
4 


6.  A  particle  of  mass  m  has  half  the  kinetic  energy  of 
another  particle  of  mass  m/2.  If  the  speed  of  the 
heavier  particle  is  increased  by  2  ms-1,  its  new 
kinetic  energy  equals  the  original  kinetic  energy  of 
the  lighter  particle.  The  ratio  of  the  original  speeds 
of  the  lighter  and  heavier  particles  is 

(a)  1:1  (b)  1:2 

(c)  1:3  (d)  1:4 

7.  In  Q.6,  what  is  the  original  speed  of  the  heavier 
particle? 

(a)  2(1  +  V2  )  nuT1  (b)  2(1  -  V2  )  nnT1 

(c)  (2V2  +1)  ms^1  (d)  (2V2  -  1)  ms-1 

8.  A  uniform  rod  of  mass  m  and  length  /  is  made  to 
stand  vertically  on  one  end.  The  potential  energy  of 
the  rod  in  this  position  is 


(a) 

(w  ^ 

4 

3 

(c)  "Si 

2 

(d)  mgl 

Hence  the  correct  choice  is  (b). 

7.  When  the  heavier  particle  is  speeded  up  by 

.  1  2 
2.0  ms  ,  its  kinetic  energy  becomes  —  m(v  +  2)  . 

Since  this  equals  the  original  kinetic  energy  of  the 
lighter  particle,  we  have 

^  777(17  +  2f=  (m/2)(4v2) 

v1  +  4  +  4y  =  2z72  or  Z72  -  4i7  -  4  =  0 

4±Vl6  + 16 

v  =  - 

2 

4±2V8  /- 

2 

The  positive  root  is  v  =  2+  2^2  =2(1+  V2  ). 
Hence  the  correct  choice  is  (a). 
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8.  The  potential  energy  in  the  vertical  position  =  work 
done  in  raising  it  from  horizontal  position  to  verti¬ 
cal  position.  In  doing  so,  the  mid-point  of  the  rod 
is  raised  through  a  height  h  =  U2.  Since  the  entire 


mass  of  the  rod  can  be  assumed  to  be  concentrated 
at  the  mid-point  (centre  of  gravity),  the  work  done 
=  mgh  =  mgl/2.  Hence  the  correct  choice  is  (c). 


Questions  9  to  11  are  based  on  the  following  passage 
Passage  III 

A  light  rod  of  length  L  having  a  body  of  mass  M  attached 
to  its  end  hangs  vertically.  It  is  turned  through  90°  so  that 
it  is  horizontal  and  then  released. 

9.  The  centripetal  acceleration  when  the  rod  makes  an 
angle  9  with  the  vertical  is 

(a)  g  cos  9  (b)  2g  cos  9 

(c)  g  sin  9  (d)  2g  sin  9 

SOLUTION 


10.  The  tension  in  the  rod  when  it  makes  an  angle  9 
with  the  vertical  is 

(a)  Mg  cos  9  (b)  2  Mg  cos  9 

(c)  3  Mg  cos  9  (d)  zero 

11.  The  value  of  9  when  the  tension  in  the  rod  equals 
the  weight  of  the  body  is  given  by 


,f\ 

(a)  9  =  cos  1  - 
v2 


(b)  9  =  cos  1  - 


(c)  9  =  sin  1  I  - 


(d)  9  =  sin  1 1  - 
'3 


9. 


The  rod  is  released  from  the  horizontal  position  OA. 
Let  OB  be  the  position  of  the  rod  when  tension  in 
the  rod  is  T  (Fig.  6.36). 


10. 


Let  0be  the  angle  with  the  vertical  at  this  position. 
The  loss  of  PE  when  the  body  falls  from  A  to  B  = 
Mg  x  OC  =  MgL  cos  9.  If  v  is  the  velocity  of  the 
body  at  B ,  then 


-  Mo 2 
2 


MgL  cos  9  or  v2  =  2gL  cos  9  (1) 


...  v2  2gLcos9 
centripetal  acceleration  =  —  =  - — - 

=  2 g  cos  9, 

which  is  choice  (b). 

The  centripetal  force  when  the  body  is  at  B  is 

Mo2 

F.  =  - 

c  L 

Thus,  we  have 

Mo2 

T-Mg  cos  9  =  — —  (2) 

Using  ( 1)  in  (2),  we  get 


T -  Mg  cos  9  =  —  x  2gL  cos  9  =  2  Mg  cos  9 

or  T  =  3  Mg  cos  9 

Thus  the  correct  choice  is  (c). 


T  =  Mg.  Therefore, 

Mg  =  3  Mg  cos  9  or  cos  9  = 


- ,  which  is  choice  (b). 


Questions  12  to  14  are  based  on  the  following  passage 
Passage  IV 

A  small  roller  coaster  starts  at  point  A  with  a  speed  u  on  a 
curved  track  as  shown  in  Fig.  6.37.  The  friction  between 
the  roller  coaster  and  the  track  is  negligible  and  it  always 
remains  in  contact  with  the  track. 


A 


12.  The  speed  of  the  roller  coaster  at  point  B  on  the 
track  will  be 

(a )  (u  +  gh)1'2  (b) 

(c)  (w2  +  2gh)m  (d + 

13.  The  speed  of  the  roller  coaster  at  point  C  on  the 
track  will  be 


(a) 

(c) 


(b) 


(d)  (w2  +  2gh)m 
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14.  The  speed  of  the  roller  coaster  at  point  D  on  the 
track  will  be 


(a)  (u2  +  gh)m 
(c)  (u2  +  3 gh)m 


(b)  (u2  +  2 gh)m 
(d)  (u2  +  4  gh)m 


SOLUTION 

1  ? 

12.  Total  energy  at  A  =  KE  +  PE  =  —  mi r  +  mgh.  If  vh 

2  1  2 

is  the  speed  at  point  B,  the  total  energy  at  B  =  —  mv  b 

+  mg(2h/3).  From  the  principle  of  conservation  of 
energy,  we  have 


13.  Similarly,  the  speed  at  point  C  is  given  by 

1  2  ,  1  2  mgh  ... 

—  mu  +  mgh  =  —  mvc  +  — —  which  gives 


vc  =  u2  + 


\l/2 


^&!l\  .  which  is  choice  (c). 


3  J 


I  7  7  1  2 

—  mu  +  mgh  =  —  mvb  + 


which  gives  vb 


which  is  choice  (b). 


2mgh 

3 


14.  At  point  D,  the  energy  is  entirely  kinetic.  If  the 
speed  of  the  roller  coaster  at  point  D  is  vd,  then  we 
have 


I  2  7  l  2 

—  mvd  =  mgh  +  —  mu 

or  vd  =  ( i r  +  2 gh)m,  which  is  choice  (b). 


Questions  15  to  17  are  based  on  the  following  passage 
Passage  V 

The  displacement.!-  of  a  particle  moving  in  one  dimension, 
under  the  action  of  a  constant  force  is  related  to  time  t  by 
the  equation 

t  =  \fx  +  3 

where  x  is  in  metre  and  t  is  in  second. 

15.  The  displacement  of  the  particle  when  its  velocity 
is  zero  is 

SOLUTION 

15.  Given  t  =  Vx  +  3or%/x=t-3or 

x=(t-3f  (1) 

Differentiating  ( 1 )  with  respect  to  t,  we  get 
dx 

or  11  =  2(7-3)  (2) 

From  (2)  it  follows  that  v  0  at  1  3  s.  Using  t  = 

3  s  in  (1),  we  get  x  =  0.  Thus,  the  displacement  of 
the  particle  is  zero  when  its  velocity  is  zero.  Thus 
the  correct  choice  is  (a). 

16.  From  Eq.  (2),  we  have 

dv  d  -2 

a  =  —  =  —  [20~  3)]  =  2  ms  . 

dt  dt 

Hence  the  correct  choice  is  (d). 


(a)  zero  (b)  1  m  (c)  2  m  (d)  3  m 

16.  The  acceleration  of  the  particle 

(a)  increases  with  time 

(b)  decreases  with  time 

(c)  increases  with  time  up  to  t  =  3  s  and  then 
decreases  with  time. 

—2 

(d)  remains  constant  at  2  ms  . 

17.  The  work  done  by  the  force  in  first  6  s  is 

(a)  1  J  (b)  3  J  (c)  6  J  (d)  zero 

17.  From  Eq.  (2),  the  initial  velocity,  i.e.,  velocity  at 
t  =  0  is 

v0  =  2(0  -  3)  =  -  6  ms-1 
Final  velocity,  i.e.,  velocity  at  t  =  6  s  is 
v  =  2(6  -  3)  =  6  ms-1 
Work  done  =  final  KE  -  initial  KE 

1  2^  2  1^2  2\ 

=  —  mV - mVn=  —m(v  -%) 

2  2  2 

=  ^  m[( 6)2  -  (-  6)2]  =  0,  which  is  choice  (d). 


Questions  18  to  20  are  based  on  the  following  passage 
Passage  VI 

The  work  done  by  a  constant  force  acting  on  a  body  is 
given  by 

W  =F  •  r 

where  F  is  the  force  vector  and  r  is  displacement  vector. 
The  displacement  vector  r  =  r2  —  rj  where  rj  is  the  initial 


position  vector  and  r2  is  the  final  position  vector. 

If  the  force  is  variable,  the  work  done  in  moving  a  body 
from  a  position  rj  to  a  position  r2  is  given  by 

r2 

W  =  j  F  dr 

n 

where  dr  is  an  infinitesimally  small  displacement. 
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18.  A  particle  is  moved  from  a  position  rj  =  (3  i  +  2j 

A  AAA 

-4k)  metre  to  a  position  r2  =  (5i  +  6  j  +  9k) 

A  A  A 

metre  under  the  action  of  a  force  F  =  (i  +3j  +  k ) 
newton.  The  work  done  is 

(a)  zero  (b)  13  J 

(c)  27  J  (d)  35  J 

19.  A  body  of  mass  m  is  projected  from  a  tower  of 
height  h  at  an  angle  6  above  the  horizontal.  The 
work  done  by  the  gravitational  force  during  the 
time  it  takes  to  hit  the  ground  is 

(a)  mgh{\  +  cos  0)  (b)  mgh{\  +  sin  9) 

(c)  mgh  (d)  zero 

SOLUTION 


20.  A  body  of  mass  m  is  projected  from  the  ground 

with  a  velocity  u  at  an  angle  0  above  the  horizontal. 

The  work  done  by  the  gravitational  force  in  time 

u  sin  0  . 
t  =  -  is 

g 


(a)  lmu2sivr  0 


(c) 


2  •  2 

mu  sin-  9 


(b)  mu2 sin2  9 
(d)  zero 


21.  If  9  =  45°,  the  work  by  the  gravitational  force  in 

^  „„  ,  .  .  2m  sin  0  . 

Q.20  above  in  time  t  =  -  is 


g 


(a) 


mu 


mu 


(c)  mu 


<b)  2 

(d)  zero 


18.  W=  F  ■  r  =  F  -  (r2  — rj) 

AAA  AAA  AA 

=  (i  +  3  j  +  k)  •  [(5  i  +  6  j  +  9  k )  -  (3  i  +  2j 
-4k)] 

AAA  A  A  A 

=  (i  +  3  j  +  k  )  •  (2  i  +  4  j  +  13 k ) 

=  2+12+13  =  27  J,  which  is  choice  (c) 


19.  Net  displacement  from  the  time  the  body  is  pro¬ 
jected  to  the  time  it  hits  the  ground  is  =  h  vertically 
downwards. 


21. 


.'.  Work  done  W  =  mgh,  which  is  choice  (c). 

t  =  U  S^n  —  =  half  the  time  of  flight.  During  this  time 

g 


the  body  attains  maximum  height  /?max  = 


u  sin2  9 


2  g 


Work  done  =  mghmax  =  mU  —  which  is 
choice  (c). 

Net  displacement  =  0.  Hence  W  =  0.  Thus  the 
correct  choice  is  (d). 


Matching 


1. 


Column  I 

Column  II 

(a) 

Force 

(p)  Slope  of  force-extension  graph 

(b) 

Impulse 

(q)  Area  under  force-time  graph 

(c) 

Energy  stored  in  a  spring 

(r)  Area  under  force-extension  graph 

(d) 

Force  constant  of  a  spring 

(s)  Slope  of  linear  momentum-time  graph 

ANSWER 

(a)  -+  (s) 


(b)  ->  (q) 
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In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  questions  has 
the  following  four  choices  out  of  which  only  one  choice 
is  correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement-1  is  false,  Statement-2  is  true. 

1.  Statement-1 

A  simple  pendulum  of  length  /  is  displayed  from 
its  mean  position  O  to  position  A  so  that  the  string 
makes  an  angle  61  with  the  vertical  and  then  re¬ 
leased.  If  air  resistances  is  neglected,  the  speed  of 
the  bob  when  the  string  makes  an  angle  02  with  the 

vertical  is  v  =  ^2g/(cos02  -cos0[)  . 

Statement-2 

The  total  momentum  of  a  system  is  conserved  if  no 
external  force  acts  on  it. 

2.  Statement-1 

A  uniform  rod  of  mass  m  and  length  /  is  held  at  an 
angle  0  with  the  vertical.  The  potential  energy  of 

the  rod  in  this  position  is  —  mg  l  cos  0. 

Statement-2 

The  entire  mass  of  the  rod  can  be  assumed  to  be 
concentrated  at  its  centre  of  mass. 

3.  Statement-1 

A  block  of  mass  m  starts  moving  on  a  rough  hori¬ 
zontal  surface  with  a  velocity  v.  It  stops  due  to 
friction  between  the  block  and  the  surface  after 
moving  through  a  certain  distance.  The  surface 
is  now  tilted  to  an  angle  of  30°  with  the  hori¬ 
zontal  and  the  same  block  is  made  to  go  up  on 
the  surface  with  the  same  initial  velocity  v.  The 
decrease  in  the  mechanical  energy  in  the  second 
situation  is  smaller  than  that  in  the  first  situa¬ 
tion. 

Statement-2 

The  coefficient  of  friction  between  the  block  and 
the  surface  decreases  with  the  increase  in  the  angle 
of  inclination. 

<  IIT,  2007 


Statement-1 

A  man  carrying  a  bucket  of  water  and  walking  on 
a  rough  level  road  with  a  uniform  velocity  does  no 
work  while  carrying  the  bucket. 

Statement-2 

The  work  done  on  a  body  by  a  force  F  in  giving  it 
a  displacement  S  is  defined  as 

IF  =  F  •  S  =  FS  cos  0 

where  0  is  the  angle  between  vectors  F  and  S. 

5.  Statement-1 

A  crane  P  lifts  a  car  up  to  a  certain  height  in  1  min. 
Another  crane  Q  lifts  the  same  car  up  to  the  same 
height  in  2  min.  Then  crane  P  consumes  two  times 
more  fuel  than  crane  Q. 

Statement-2 

Crane  P  supplies  two  times  more  power  than  crane  0. 

6.  Statement-1 

Two  inclined  frictionless  tracks  of  different  inclina¬ 
tions  0j  and  02  meet  at  A  from  where  two  blocks  P 
and  Q  of  different  masses  m1  and  m2  are  allowed  to 
slide  down  from  rest,  one  on  each  track  as  shown  in 
Fig.  6.38.  Then  blocks  P  and  Q  will  reach  the  bot¬ 
tom  with  the  same  speed. 


Fig.  6.38 

Statement-2 

Blocks  P  and  Q  have  equal  accelerations  down 
their  respective  tracks. 

7.  Statement-1 

In  Q.6  above,  block  P  will  take  a  longer  time  to 
reach  the  bottom  than  block  Q. 

Statement-2 

Block  Q  has  a  greater  acceleration  down  the  track 
than  block  P. 

8.  Statement-1 

Comets  move  around  the  sun  in  highly  elliptical 
orbits.  The  work  done  by  the  gravitational  force  of 
the  sun  on  a  comet  over  a  complete  orbit  is  zero. 


Assertion-Reason  Type  Questions 
4. 
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Statement-2 

The  gravitational  force  is  conservative. 

9.  Statement-1 

The  total  energy  of  a  system  is  always  conserved 
irrespective  of  whether  external  forces  act  on  the 
system. 

Statement-2 

If  external  forces  act  on  a  system,  the  total  momen¬ 
tum  and  energy  will  increase. 

10.  Statement-1 

The  rate  of  change  of  the  total  linear  momentum 
of  a  system  consisting  of  many  particles  is  propor¬ 
tional  to  the  vector  sum  of  all  the  internal  forces 
due  to  inter-particle  interactions. 

SOLUTIONS 

1.  The  correct  choice  is  (b).  It  is  clear  from  Fig.  6.39 
that  PQ  =  l  cos  0X  and  PR  =  l  cos  02.  Therefore,  hx  = 
l- 1  cos  0j  =  /( 1  -  cos  9X)  and  h2  =  l( T-  cos  02).  Let 
m  be  the  mass  of  the  bob  and  v  be  its  speed  when 
it  reaches  position  B.  Then,  from  the  principle  of 
conservation  of  energy,  K.E.  at  B  =  loss  of  P.E.  as 
the  bob  moves  from  A  to  B. 

Hence 

—  mv2  =  mghx  -  mgh2 

=  mg[l(  1  -  cos  9X)  -  /( 1  -  cos  d2)] 

=  mg  1  (cos  02  -  cos  0j) 

=>  v=  j 2 gl (cos d2  -  cos 9X) 


Fig.  6.39 

2.  The  correct  choice  is  (a).  Let  C  be  the  centre  of 
mass  of  the  rod  AB  so  that  AC  =  l!2.  Let  h  be  the 
height  of  C  above  the  ground.  In  triangle  ACD,  we 
have  CD  =  AC  sin  (90°  -  0) 

(see  Fig.  6.40). 

Or  h  =  —  cos  0.  Since  the  en- 
2 

tire  mass  of  the  rod  can  be  as¬ 
sumed  to  be  concentrated  at 
the  centre  of  mass,  therefore, 
potential  energy  =  work  done 


Fig.  6.40 


Statement-2 

The  internal  forces  can  change  the  kinetic  energy  of 
the  system  of  particles  but  not  the  linear  momentum 
of  the  system. 

11.  Statement-1 

An  elastic  spring  of  force  constant  k  is  stretched  by 
a  small  length  x.  The  work  done  in  extending  the 
spring  by  a  further  length  x  is  2  kx2. 

Statement-2 

The  work  done  in  extending  an  elastic  spring  by  a 
length  x  is  proportional  to  x2. 


to  raise  the  rod  from  horizontal  position  on  the 
ground  to  the  position  shown  in  the  figure  =  mgh  = 

—  mg l  cos  6. 

3.  Statement- 1  is  true.  The  decrease  in  mechanical 
energy  is  smaller  when  the  block  made  to  go  up  on 
the  inclined  surface  because  some  part  of  the  kinetic 
energy  is  converted  into  gravitational  potential 
energy.  Statement-2  is  false.  The  coefficient  of 
friction  does  not  depend  on  the  angle  of  inclination 
of  the  plane.  Hence  the  correct  choice  is  (c). 

4.  The  correct  choice  is  (a).  Since  the  velocity  is  uni¬ 
form,  the  man  exerts  no  net  force  on  the  bucket  in 
the  direction  of  motion.  The  only  force  he  exerts 
on  the  bucket  is  against  gravity  (to  overcome)  the 
weight  mg  of  the  bucket)  and  this  force  is  perpen¬ 
dicular  to  the  displacement  (i.e.  9  =  90°). 

Hence  W  =  FS  cos  90°  =  0. 


5.  The  two  cranes  do  the  same  amount  of  work  =  mgh. 
Hence  they  consume  the  same  amount  of  fuel.  Crane 
P  does  the  same  amount  of  work  in  half  the  time. 
Hence  crane  P  supplies  two  times  more  power  than 
crane  Q.  Thus  the  correct  choice  is  (d). 

6.  The  acceleration  of  blocks  P  and  0  respectively  are 

mxg  sin  0, 


a ,  = 


■  =  g  sin  9X 


and 


m2g  sin  92  . 

a2  =  - -  =  g  sm  d2 


Since  02  >el;a2>al.  The  potential  energy  of  block 
P  at  A  =  mxgh.  When  it  reaches  the  bottom  B,  its 

1  , 

kinetic  energy  is  —  mxvx  where  ups  its  speed  when 
it  reaches  B.  Now  P.E.  at  A  =  K.E.  at  B.  Hence 

m | gh  =  ^  mxv\  =>  vx  =  \j2gh  . 
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Similarly 


i  1  2 

m2 gh  =  -  m2v2  ■ 


:=v/2 ~gh  = 


Hence  the  correct  choice  is  (c). 

7.  The  correct  choice  is  (a).  If  tx  and  t2  are  the  times 
taken  by  P  and  Q  to  reach  the  bottom,  then 

vx  =  ux  +  axtx  =  axtx  (v  ux  =  0) 


and 


v2  u2  +  aih  aih 


(•••  u2  =  0) 


9.  Statement- 1  is  false;  the  total  energy  of  an  isolated 
system  is  conserved.  Statement-2  is  true.  Hence  the 
correct  choice  is  (d). 

10.  Statement- 1  is  false  and  Statement-2  is  true.  The 
rate  of  change  of  momentum  is  proportional  to  the 
net  external  force  acting  on  the  system.  Hence  the 
correct  choice  is  (d). 

11.  The  correct  choice  is  (d).  Potential  energy  stored  in 


Now  vx  =  v2.  Hence  altl  =  a2t2.  Thus 


Since  a2>  a1;tl>  t2. 

8.  The  correct  choice  is  (a).  For  a  conservation  force, 
the  work  done  in  moving  a  body  from  one  point  to 
another  does  not  depend  on  the  nature  of  the  path 
and  the  work  done  over  a  closed  path  is  zero,  ir¬ 
respective  of  the  nature  of  the  path. 


1  2 

the  spring  when  it  is  extended  by  x  is  Ux=  —  kx" 

Potential  energy  stored  in  the  spring  when  it  is 
further  extended  by  x  is 

U2  =  ~  k(x  +  x)2  =  2  kx2 

Work  done  =  gain  in  potential  energy  =  U2—Ul 

=  lkx2--kx2=-  kx 2 
2  2 


Integer  Answer  Type 


1.  A  particle  of  mass  lg  executes  an  oscillatory  mo¬ 
tion  on  the  concave  surface  of  a  spherical  dish  of  ra¬ 
dius  2  m  placed  on  a  horizontal  plane.  If  the  motion 
of  the  particle  begins  from  a  point  on  the  dish  at  a 
height  of  2  cm  from  the  horizontal  plane  and  the 
coefficient  of  friction  is  0.01,  find  the  total  distance 
in  metre  covered  by  the  particle  before  it  comes  to 
rest. 


in  Fig.  6.41  connects  two  blocks  of 
masses  0.36  kg  and  0.72  kg.  Taking 
g  =  10  m/s2,  find  the  work  done  (in 
joules)  by  the  string  on  the  block 


□ 

d 

Fig.  6.41 


of  mass  0.36  kg  during  the  first  second  after  the 
system  is  released  from  rest. 

<  IIT,  2009 

3.  A  block  of  mass  0.18  kg  is  attached  to  a  spring  of 
force-constant  2  N/m.  The  coefficient  of  friction 
between  the  block  and  the  floor  is  0. 1 .  Initially  the 
block  is  at  rest  and  the  spring  is  unstretched.  An 
impulse  is  given  to  the  block  as  shown  in  Fig.  6.42. 


<  IIT,  1990 

The  block  slides  a 

K 

2.  A  light  inextensible  string  that  goes  /////////// 

distance  of  0.06  m  ,  ^ 

BP 

over  a  smooth  fixed  pulley  as  shown  (Th 

and  comes  to  rest  for 

- k 

the  first  time.  The  42 

initial  velocity  of  the  J' 

block  in  m/s  is  V=  N/10.  Then  N  is 

■  IIT,  2011 


SOLUTION 

1.  Refer  to  Fig. 
6.43  in  which 
0  is  the  angle 
which  the  nor¬ 
mal  to  the  sur¬ 
face  at  the  lo¬ 
cation  of  the 
particle  makes 
with  the  verti- 


A 


cal.  The  particle  will  keep  on  oscillating  about  O 
till  its  initial  potential  energy  mgh  is  completely 
used  up  in  doing  work  against  the  frictional  force / 
and  the  particle  comes  to  rest.  It  follows  from  the 
figure  that 

f=H  mg  cos  0 

Since  h«R,  0-0.  Therefore,  cos  0=1.  Hence 
f=H  mg 


Fig.  6.43 
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If  5  is  the  distance  travelled  by  the  particle  before  it 
comes  to  rest,  then  the  work  done  against  friction  is 
W  =fs  =  /t  mgs 
Now,  mgh  =  j-l  mgs 

h  2  cm 

or  s  =  —  =  -  =  200  cm  =  2m 

n  0.01 


2.  Refer  to  Fig.  6.44. 

T  —  W7[  g  =  m |  a 
m2  g  —  T  =  m2  a 
which  give 

(m2  -  «|  )g 


/////////// 


a  = 


(mi  —  m2  ) 

(0.72- 0.36)  x  10 


m-i 

J 

">i  g 


(0.72  +  0.36) 


10 


m2 


m  s 


and  T=ml(a  +  g) 


\ 

"T-1  a 

I  m2g 

Fig.  6.44 


10 


=  0.36  x  ^y  +  10J  =  4.8  N 

Distance  moved  in  t  =  1  s  is 

1  o  „  1  10  .  2 

s  =  ut  +  -at  =  0  +  -  x  —  x  (1)“ 

2  2  3 

5 

=  —  m 
3 

.-.  Work  done  =  7xS  =  4.8x-=8J 

3 


3.  Refer  to  Fig.  6.45. 


Work  done  against  friction  =  jJmgx 

1  7 

Gain  in  potential  energy  =  —  kx~ 

From  work-energy  principle, 

1  2  1  2 

— mV  =  fj.mgx  +  —  kx 

=>  -x  0.18  x  V2=  0.1  x  0.18  x  10  x  0.06 
2 

+  ^  x  2  x  (0.06)2 

=>  V  =  0.4  =  —  ms"1.  Hence  N  =  4. 

10 


REVIEW  OF  BASIC  CONCEPTS 


LAW  OF  CONSERVATION  OF  LINEAR 
MOMENTUM 


The  law  of  conservation  of  linear  momentum  may  be 
stated  as  ‘when  no  net  external  force  acts  on  a  system 
consisting  of  several  particles,  the  total  linear  momentum 
of  the  system  is  conserved,  the  total  linear  momentum 
being  the  vector  sum  of  the  linear  momentum  of  each 
particle  in  the  system’ . 

According  to  Newton’s  second  law  of  motion,  we  have 
for  a  system  of  particles, 

F  =  ^ 

ext  dt 

where  p  =  pj  +  p2  +  p3  +  ... 

=  mx  Vj  +  m2  v2  +  m3  v3  +  ... 

In  a  system  consisting  of  many  particles,  there  can  be 
two  kinds  of  forces:  (i)  internal  forces  and  (ii)  external 
forces.  Internal  forces  are  the  forces  that  the  particles  ex¬ 
ert  on  each  other  during  their  interactions  (e.g.  collisions). 
From  Newton’s  third  law,  these  forces  always  occur  in 
pairs  of  action  and  reaction.  Since  these  forces  are  equal 
and  opposite,  they  bring  about  equal  and  opposite  changes 
in  the  momentum  of  the  particles.  Thus,  internal  forces 
cannot  bring  about  any  net  change  in  the  momentum  of 
a  particle.  The  external  forces,  on  the  other  hand,  are  the 
forces  exerted  from  outside  the  system. 

If  Fext  =  0,  we  have 

■‘E-o 

dt 

or  p  =  constant 

Thus,  the  vector  sum  p  =  P!  +  p2  +  p3  +  ...  of  the  lin¬ 
ear  momenta  of  the  particles  remains  constant  if  the  net 
external  force  is  zero. 


The  gun  and  the  bullet  constitute  a  two-body  system. 
Before  the  gun  is  fired,  both  the  gun  and  the  bullet  are 
at  rest.  Therefore,  the  total  momentum  of  the  gun-bullet 
system  is  zero.  After  the  gun  is  fired,  the  bullet  moves 
forward  and  the  gun  recoils  backwards.  Let  mb  and  mg  be 
the  masses  of  the  bullet  and  the  gun.  If  \h  and  v„  are  their 
respective  velocities  after  firing,  the  total  momentum  of 
the  gun-bullet  system  after  firing  is  (mb\b  +  mg  vg).  From 
the  law  of  conservation  of  momentum,  the  total  momen¬ 
tum  after  and  before  the  gun  is  fired  must  be  the  same, 


:V.=  ° 


Vg=- 


The  negative  sign  indicates  that  the  gun  recoils  in  a 
direction  opposite  to  that  of  the  bullet.  In  tenns  of  mag¬ 
nitudes,  we  have 


7.3  ;  COLLISIONS 


Elastic  Collisions:  If  there  is  no  change  of  kinetic  energy 
during  a  collision  it  is  called  an  elastic  collision.  The 
collision  between  subatomic  particles  is  generally  elastic. 
The  collision  between  two  steel  or  glass  balls  is  nearly 
elastic. 

Inelastic  Collisions:  If  there  is  a  loss  of  kinetic  energy 
during  a  collision,  it  is  called  an  inelastic  collision.  Since 
there  is  always  some  loss  of  kinetic  energy  in  any  colli¬ 
sion,  collisions  are  generally  inelastic.  If  the  loss  is  negli¬ 
gibly  small,  the  collision  is  very  nearly  elastic.  Perfectly 
elastic  collisions  are  not  possible.  If  two  bodies  stick 
together,  after  colliding,  the  collision  is  perfectly  inelastic, 
e.g.  a  bullet  striking  a  block  of  wood  and  being  embedded 
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in  it.  The  loss  of  kinetic  energy  usually  results  in  heat  or 
sound  energy. 

In  may  be  remembered  that  the  total  momentum  re¬ 
mains  conserved  in  both  elastic  and  inelastic  collisions. 
Further,  since  the  interacting  forces  become  effectively 
zero  after  the  collision,  the  potential  energy  remains  the 
same  both  before  and  after  the  collision. 


One-dimensional  or  Head-on  Collision 

Consider  two  bodies  of  masses  mi  and  m2  moving  with 
velocities  ux  and  u2  in  the  same  straight  line  (with  ux  >  u2 ) 
colliding  with  each  other.  Let  vx  and  v2  be  their  respective 
velocities  after  the  collision.  If  velocities  ux,  u2,  vx  and  v2 
are  all  along  the  same  straight  line,  the  collision  is  known 
as  one-dimensional  or  head-on  collision  (Fig.  7.1) 


Fig.  7.1 


From  the  law  of  conservation  of  momentum 
m  |  ux  +  m2  u2  =  mlv1  +  m2  v2 

If  momentum  along  positive  x-axis  is  taken  to  be  positive, 
the  momentum  along  the  negative  x-axis  is  taken  to  be 
negative. 


Two-dimensional  or  Oblique  Collision 


If  the  velocities  of  the  colliding  bodies  are  not  along  the 
same  straight  line,  the  collision  is  known  as  two-dimen¬ 
sional  or  oblique  collision  (Fig.  7.2) 


Fig.  7.2 

In  this  case,  we  apply  the  law  of  conservation  of  mome¬ 
ntum  separately  for  x  and  y  components  of  momenta.  The 
components  of  momentum  along  the  positive  x-axis  and 
positive  y-axis  are  taken  to  be  positive  and  components  of 
momentum  along  negative  x-axis  and  negative  y-axis  are 
taken  to  be  negative. 

Momentum  conservation  ofx-components  gives 

mxux  cos  9X  +  m2u2  cos  02=mxvx  cos  ax  +  m2v 2  cos  Cb 

Momentum  conservation  ofy-components  gives 

-  mlui  sin  9X  +  m2u2  sin  ft  =  mxvx  sin  ax  -  m2v2  sin  Ob 


Coefficient  of  Restitution 

Newton  proved  experimentally  that,  when  two  bodies 

collide,  the  ratio  of  the  relative  velocity  after  collision 

to  the  relative  velocity  before  collision  is  constant  for 

the  two  bodies.  This  constant  is  known  as  coefficient  of 

restitution  and  is  denoted  by  letter  e. 

velocity  of  separation  after  collision 

e  = - 

velocity  of  approach  before  collision 


u2  -ux 


(i)  For  a  perfectly  elastice  collision,  e  =  1. 

(ii)  For  a  perfectly  in  inelastic  collision,  e  =  0,  because 
the  two  bodies  stick  together  and  hence  v2  =  vx. 

(iii)  Perfectly  elastic  or  perfectly  inelastic  collisions  do 
not  occur  in  nature.  Hence,  for  any  collision,  e  lies 
between  0  and  1 . 

(iv)  For  a  head-on  collision  (Fig.  7.1) 

velocity  of  separation 

e  = - 

velocity  of  approach 

=  P2  ~P1 
U2  ~  U\ 

(v)  For  an  oblique  collision  (Fig.  7.2) 

Velocity  of  approach  =  ux  cos  9X  -  u2  cos  ft 
Velocity  of  separation  =  v2  cos  a2-vl  cos  ax 

v2  cos  a2  -  vx  cos  ax 
ux  COS  0J  -  u2  cos  02 

Velocities  after  Head-on  Elastic  Collision 

Refer  to  Fig.  7.1  again.  From  the  law  of  conservation  of 
momentum,  we  have 

mxux  +  m~,u~,  =  mxvx  +  m2v2 


(1) 
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The  coefficient  of  restitution  is  defined  as 


u2  —  Ux 

V\  -  V2=  e  («2  -  Ml) 
Eliminating  v2  from  (1)  and  (2),  we  get 


v,  = 


ml  —  em2 
V  m\  +m2  J 


U\  + 


m2{\+e) 


777,  +777 


Using  (3)  in  (2),  we  get 


17,  = 


777 j  (1  +e) 

K.  W1  +W2  . 


V  "'1 


777,  —  em 


2  J 
\ 


\  777,  +  77? 2  J 


(2) 

(3) 

(4) 


Perfectly  Elastic  Collision 


For  perfectly  elastic  collision,  e  =  1.  Putting  e  =  1  in  Eqs. 
(3)  and  (4)  we  get 


and 


^2 


r  777j  —  7772  ^ 
v77?i  +  ???2  y 

^  2777,  \ 

Km\  +m2  2 


ux  + 


ux  + 


2?772  ^ 

\  ???  I  +  «2  J 

r  777,  —  7?7j  ^ 
V  ???  I  +  «2  y 


(5) 

(6) 


Special  Cases 


(i)  If  both  bodies  have  the  same  mass,  then 


777  j  =  777  2  =  777 

In  this  case, 

Z?[  =  U  2 
and  v2  =  ux 

This  means  that  777  a  one-dimensional  elastic  colli¬ 
sion  between  two  bodies  of  equal  mass,  the  bodies 
merely  exchange  their  velocities  after  the  collision. 
(ii)  If  one  of  the  bodies,  say  m2,  is  initially  at  rest, 
then 


77,  =  0 


In  this  case. 


v,  = 


and  y,  = 


??71  —  ???2 


^  777j  +  777. 


2  J 


2 777 1 77 1 


V  ???!  +  ?7?2  J 

If,  in  addition,  777  j  =  ???,  =  m,  these  equations  give 
z?i=  0  v2  =  U\ 


Thus,  if  a  body  suffers  a  one-dimensional  elastic 
collision  with  another  body  of  the  same  mass  at 
rest,  the  first  body  is  stopped  dead,  but  the  second 
begins  in  move  with  the  velocity  of  the  first. 
However,  if  the  body  at  rest,  namely  B,  is  much 
more  massive  than  the  colliding  body  A,  i.e.  m2  » 
777j,  such  that  777 j  is  negligibly  small,  then 


7?l  •  —  77  [ 


and  v2—>0 

Thus,  if  a  very  light  body  suffers  an  elastic  colli¬ 
sion  with  a  very  heavy  body  at  rest,  the  velocity  of 
the  lighter  body  is  reversed  on  collision,  while  the 
heavier  body  remains  practically  at  rest. 

A  common  example  of  this  type  of  collision  is  the 
dropping  of  a  hard  steel  ball  on  a  hard  concrete 
floor.  The  ball  rebounds  and  regains  its  original 
height  from  where  it  was  dropped  while  the  much 
more  massive  ground  remains  at  rest. 

Finally,  if  the  body  at  rest  is  much  lighter  than  the 
colliding  body,  i.e.  if  m2  «  mx,  we  have 

— —  77  j  7?2  ——  2  77  j 

i.e.  the  velocity  of  the  massive  body  remains  practi¬ 
cally  unchanged  on  collision  with  the  lighter  body 
at  rest  and  the  lighter  body  acquires  nearly  twice 
the  initial  velocity  of  the  massive  body. 

(iii)  Kinetic  energy  delivered  by  incident  body  to  a  stati¬ 
onary  body  in  perfectly  elastic  head-on  collision. 


Kinetic  energy  of  mx  before  collision  is  K,  =  — 


m,u 


i“i 


1  2 

and  after  collision  is  K,=  —mlvl 

2  2 


K 


f  _  0f 


K; 


.  Therefore 


The  fractional  decrease  in  kinetic  energy  of  7?7j  is 
AA  =  x_v_ l 

Ki  if 


If 


77,  =  0,— 
77  j 


777 j  —  777, 
77?  j  +  777, 


.  Therefore, 


/  \2 

7?7j  —  m2 

v  ???  1  +m22 


4mpn~, 

(?77i  +  ???2  )2 


NOTE 


The  fraction  of  kinetic  energy  lost  by  mass  7?7X  is  maximum 
if  777  j  =  7??2  and  minimum  if  m2  — >  00  . 

(iv)  Change  in  kinetic  energy  of  a  system  in  a  perfectly 
inelastic  head-on  collision. 

In  a  perfectly  inelastic  collision,  the  two  bodies  stick 
together  after  the  collision.  Hence  vl  =  v2  and  e  =  0. 
Putting  e  =  0  in  Eqs.  (3)  and  (4),  we  get 


v,  = 


777, 


\ml+m2) 


777, 


\ml+m2) 
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and 


Vn  = 


777 


y  7/7,  +  777- 


2  ) 


777  o 


y  777 1  +  777 


2  7 


If  mass  ?772  is  stationary,  ;,/2  =  0.  Then 


v,  = 


777 


y  7/7,  +  777- 
( 


2  7 


and  Z72  = 

+  mi ) 

Notice  that  vl  =  v2  =  v  (say) 

Total  K.E.  of  the  system  before  collision  is 

v  '  2 

K,  =  ^  7/7,77, 

and  after  the  collision  is 

*>  =  -(«i  +m2)p2 
Loss  in  K.E.  of  the  system  is 

K,.  -  =  ^777,M,2  -  +  7/72  )p2 


(7) 


(8) 


From  Eq.  (7)  - 

u 

Eq.  (8)  we  get 


7/7,  +  777  2 


.  Using  this  in 


Ki-Kf  = 


mlm2ul 


2  (7/7,  +  7772  ) 

In  general,  if  u2  ^  0,  we  have 


K,-Kf  = 


777, 777 


l'"2 


1  2(777,  +?/72). 


(«1  -«2) 


Oblique  Impact  on  a  Fixed  Horizontal  Plane 


(9) 


Consider  a  body  of  mass  7/7  moving  with  a  velocity  7/ 
making  an  angle  a  with  the  normal  CW  to  a  fixed 
horizontal  floor  as  shown  in  Fig.  7.3.  After  collision  with 
the  horizontal  plane,  the  body  is  deflected  with  a  velocity 
v  making  an  angle  /3  with  the  normal.  Since  the  horizontal 
plane  is  fixed,  it  remains  at  rest.  Hence  the  impact  takes 
place  along  the  normal.  The  normal  component  of  77  is 
it  cosa  along  -y  direction  and  the  normal  component  of  v 
is  v  cos/3  along  the  +y  directon.  Now 


N 


velocity  of  separation 

e  = - 

velocity  of  approach 

(v  cos/3  )j  _  v  cos/3 
(77  cosa)  (-j)  77  cos  a 

=>  z/cos  /3  =  eu  cos  a  (10) 

Since  the  impulsive  force  acts  along  the  normal, 
the  momentum  along  the  normal  is  not  conservved. 
Since  the  component  of  the  impulsive  force  along 
the  horizontal  is  zero,  the  momentum  along  the 
horizontal  is  conserved.  Hence 

77  sina  =  v  sin  /3  (11) 

From  Eqs.  (10)  and  (11),  we  get 

v  =  (1 ? 2  cos2  a  +  sin2a)1/2  77  (12) 

,  „  tana 

and  tan  [5  =  -  (13) 

e 

For  a  perfectly  elastic  collision,  e  =1  and  Eqs.  (12) 
and  (13)  give 
v  =  u 

and  /3  =  a 

i.e.  for  a  perfectly  elastic  collision,  the  body  re¬ 
bounds  from  a  fixed  surface  with  the  same  speed 
and  at  the  same  angle  on  the  other  side  of  the  nor¬ 
mal. 

Direct  Impact  on  a  Fixed  Plane 

If  the  body  falling  normally  on  a  fixed  plane  rebounds 
after  impact,  then,  in  this  case  a=  /3=  0.  Using  this  in  Eq. 
(10)  we  get  [Fig.  7.4] 
v  =  eu 


m 

t 


v  =  eu 


4 


T  * 

17  m 


Fig.  7.4 


EXAMPLE  7.1 


A  body  is  dropped  from  rest  from  a  height  /?  =  5.0  m. 
After  rebounding  twice  from  a  horizontal  floor,  to 
what  height  will  it  rise  if  the  coefficient  of  restitution 
is  0.8? 


Fig.  7.3 
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SOLUTION 


Speed  of  the  body  just  before  first  impact  with  floor 

=  v/2g/t 

Speed  just  after  first  impact  =  e-Jlgh  .  This  is  also 
the  speed  just  before  the  second  impact.  Therefore, 

speed  just  after  second  impact  =  e2  ^2 gh  .  This  is 
the  initial  speed  for  the  upward  motion  of  the  body 

after  the  second  impact,  i.e.  u  =  e2  yj  2 gh  .  Therefore, 
height  attained  after  two  impacts  is 

2 


=  (0.8)4  x  5  =  2.05  m 


=  e4h 


NOTES 


-  ~2nh 


(1)  Height  attained  after  n  impacts  is  hn  =  e" 

(2)  Speed  of  rebound  after  nth  impact  is  vn  =  e"  J 2 gh 

(3)  Total  distance  travelled  before  the  body  comes  to  rest 


=  h 


f\  +  e2^ 

\—e2 


EXAMPLE  7.2 


A  steel  ball  of  mass  m  moving  with  velocity  ux  under¬ 
goes  a  perfectly  elastic  head-on  collision  with  another 
identical  steel  ball  moving  with  velocity  u2.  Show 
that,  after  the  collision,  they  merely  exchange  their 
velocities. 


SOLUTION 


Refer  to  Fig.  7.5. 


Before  collision  After  collision 


Fig.  7.5 

From  conservation  of  momentum, 

777U  =  777  V  j  +  777V, 

77  =  Vj  +  V,  (i) 

Taking  the  scalar  product  of  u  with  itself,  we  have 
u  •  u  =  (v,  +  v2)  •  (Vj  +  v2) 


772  =  V2  +  2Vj  •  v,  +  z;2  (ii) 

Since  kinetic  energy  is  also  conserved  in  an  elastic 
collision,  we  have 

1  2  1  2  1  7 

—  77777"  =  —77717.  H - 77717, 

2  2  2 


772  =  v2  +  v\  (iii) 

Using  (iii)  in  (ii),  we  get 
2  v,  ■  v2  =  0 

=>  v,  •  v,  =  0 


SOLUTION 


Refer  to  Fig.  7.1  again.  From  conservation  of 
momentum, 

77777  j  +  777 77 2  =  777^  +  mV2 
77  j  +  77 2  =  Z7j  +  Z72 

From  the  definition  of  coefficient  of  restitution, 

V2~Vl=e  Ol  -  »2) 

For  a  perfectly  elastic  collision,  e  =  1.  Hence 

v2  ~  vi  =  11  \  ~  u2  (ii) 

From  (i)  and  (ii)  we  get 

v1  =  77,  and  v2  =  ux 


EXAMPLE  7.3 


I  A  steel  ball  of  mass  m  moving  with  a  velocity  u 
undergoes  a  perfectly  elastic  oblique  collision  with 
another  indentical  steel  ball  initially  at  rest.  Show 
that,  after  the  collision,  they  move  at  right  angles  to 
each  other. 


=>  17 j  17 2  cos  0  =  0 

=>  cos  0  =  0  =>  6  =  90° 


EXAMPLE  7.4 


Two  steel  balls  of  the  same  mass  m  moving  in  oppo¬ 
site  directions  with  the  same  speed  u  collide  head-on. 
If  the  collision  is  perfectly  elastic,  predict  the  result 
of  the  collision. 


SOLUTION 


mx  =  777 2  =  ?72, 77 j  =  77  and  772  =  —  77.  Let  vx  and  v2  be  their 
velocities  after  collision. 

Total  momentum  before  collision  =  777 2 77 j  +  m2u2 
=  777  (77  —  77)  =  0 

Total  momentum  after  collision  =  777t71  +  mv2 

=  777  (l7j  +  V2) 

From  conservation  of  momentum, 

0  =  777(12 j  +  v2)  =>  v2  =  -  vx 


7.6  Comprehensive  Physics — JEE  Advanced 


Since  e  =  1 ,  we  have 

v2  -  v1  =  ux  —  u2  =  u  —  (—  u )  =  2m 

Putting  vx  =  -  v2,  we  get  v2  =  u.  Also  vls*—  u.  Thus, 
after  the  collision,  the  two  balls  move  in  opposite 
directions  with  equal  speeds,  each  equal  to  u  but  their 
directions  are  reversed. 


EXAMPLE  7.5 


I  A  ball  of  mass  2  kg  moving  with  a  velocity  of  8  ms  1 
collides  head-on  with  another  ball  of  mass  of  4  kg 
moving  with  a  velocity  of  2  ms' 1  moving  in  the  same 
direction.  The  collision  is  elastic  and  the  coefficient 
restitution  is  e  =  0.5. 

(a)  Find  the  velocities  of  the  balls  after  the 
collision. 

(b)  Calculate  the  loss  of  kinetic  energy  due  to 
collision. 


SOLUTION 


Refer  to  Fig  7.1  again. 


(a)  Given  mx  =  2  kg,  m2  =  4  kg,  ux  =  8  ms  ',  u2  = 
2  ms-1  and  e  =  0.5 
From  conservation  of  momentum 


mxux  +  m2u2  =  mxV\  +  m2V2 
=>  2x8  +  4x2  =  21;!  +  4v2 

=>  12  =  vx  +  2v2  (i) 

Since  e  =  0.5,  we  have 

p2  -  v\  =  e  («i  -  «2) 

=  0.5  x  (8  -  2)  =  3  (ii) 

Eliminating  v2  from  (i)  and  (ii)  we  get  vx=2  ms'1. 
Using  this  in  (i)  or  (ii),  we  get  v2  =  5  ms'1 
(b)  Kinetic  energy  before  collision  is 


ts~  1  2  i  ^  2 

K  =  -  mxux  +  -  m2u2 


=  -  x  2  x  (8)2  +  -  x  4  x  (2)2 
2  2 

=  72  J 


Kinetic  energy  after  collision  is 


1 


1 


Kf  =  -  mxvx  +  -  m2v2 


x  2  x  (2)2  +  x  4  x  (5)2  =  54  J 


Loss  of  K.E.  =  Kt- Kf  =  72  -  54  =  18  J 


EXAMPLE  7.6 


In  Example  7.5,  what  is  the  loss  of  kinetic  energy  if 
the  ball  of  mass  4  kg  is  moving  towards  the  mass  of 
mass  2  kg,  their  speeds  being  the  same? 


SOLUTION 


In  this  case  u2  =  -  2  ms  1 
become 

.  Equations  (i)  and  (ii) 

4  =  vx  +  2v2 

(iii) 

and  v2  -  v  x  =  5 

(iv) 

Equations  (iii)  and  (iv)  give  vx  =  -  2  ms  1  and 
v2  =  3  ms'1 

Kt  =  x  2  (8)2  +|x4x  (-2)2  =  72  J 

K,  =  —  x  2  x  (-2)2  -  x  (3)2  =  22J 
1  2  2 


Loss  of  K.E  =  72  -  22  =  50  J 


EXAMPLE  7.7 


Two  blocks  B  and  C  of  masses  1  kg  and  2  kg  respec¬ 
tively  are  connected  by  a  massless  elastic  spring  of 
spring  constant  150  Nm'1  and  placed  on  a  horizontal 
frictionless  surface  as  shown  in  Fig.  7.6.  Athird  block 
A  of  mass  1  kg  moves  with  a  velocity  of  3  ms  1  along 
the  line  joining  B  and  C  and  collides  with  B.  If  the 
collision  is  perfectly  elastic  and  the  natural  length 
of  the  spring  is  80  cm,  find  the  minimum  separation 
between  blocks  B  and  C. 


SOLUTION 


Given  mA  =  mB  =  1  kg,  mc  =  2  kg  and  u  =  3  ms'1. 
Block  A  will  collide  with  block  B.  Since  they  have 
equal  masses  and  the  collision  is  perfectly  elastic,  A 
will  come  to  rest  and  B  will  move  to  the  right  with  a 
velocity  u.  Block  B  will  compress  the  spring.  Hence 
block  C  will  accelarate  and  block  B  will  retard  until 
both  B  and  C  move  with  the  same  velocity.  Let  this 
common  velocity  be  v.  Since  no  external  force  acts, 
the  momentum  of  B  and  C  is  conserved,  i.e. 
mB  u  =  ( mB  +  mc )  v 

=>  lx3=(l+2)u=>u=l  ms'1 
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If  x  is  the  maximum  compression,  then  from  the 
principle  of  conservation  of  energy, 

1  9  1  ^  \2  1  ,  9 

ttljU  =  —  ( 777  n  +  mr)  v  +  —  kx 

2  A  2  V  B  u  2 

=>  \  X  1  X  (3)2  =  X-  X  (1  +  2)  x  (l)2 

+  —  x  150  x  x2 
2 

which  gives  x  =  0.2  m  =  20  cm 

Minimum  separation  between  B  and  C  =  80  cm 

-  20  cm  =  60  cm 


EXAMPLE  7.8 


I  A  block  of  mx=  m  is  moving  on  a  frictionless  horizon¬ 
tal  surface  with  velocity  ux  =  2 u  towards  another  block 
of  mass  m2  =  3 m  moving  on  the  same  surface  with 
velocity  u2  =  u  in  the  same  direction.  A  massless  spring 
of  force  constant  k  is  attached  to  m2  as  shown  in  Fig. 
7.7.  When  block  m,  collides  with  the  spring,  show 
that  the  maximum  compression  of  the  spring  is  given 

,  u  3  m 
by  x  =  — .  —  . 

2  V  k 


m2 


SOLUTION 


■  When  block  mx  collides  with  spring,  it  begins  to  get 
compressed.  As  a  result  m2  gains  speed.  The  compres¬ 
sion  of  the  spring  is  maximum  at  the  instant  when  the 
relative  velocity  of  mx  with  respect  to  m2  is  zero,  i.e. 
when  both  mi  and  m2  have  equal  velocities.  Let  v  be 
the  common  velocity  of  the  blocks.  From  conserva¬ 
tion  of  momentum, 

m !  u  [  +  m2  u2  =  (»7|  +  m2)v 
=>  2  mu  +  3mu  =  (m  +  3m)v 

5  m 

=>  v  =  — 

4 

From  the  law  of  conservation  of  energy 
Loss  in  K.E.  =  gain  in  P.E  of  spring 
If  x  is  the  maximum  compression,  then 

(1  2  1  2^  1/  s  2  1  ,  9 

\  —  WjMj  +  —  m2u2  I  -  —  [ml  +  m2)v  =  —  kx~ 

1  ,  1  ,1 

=>  —  x  m  x  (2m)"  +  —  X  3m  Xu——  (m  +  3m) 


3  2  j  2  m  3m 

=>  —  mu  =  kx"  =>  x  =  — ,  — 

4  2  V  k 

7.  Useful  Formulae  and  Tips 

1.  A  body  of  mass  m  is  dropped  from  a  height  h.  Due 
to  the  friction  of  air,  it  will  hit  the  ground  with  a 
speed  less  than  \]2gh  .  If  v  is  the  speed  with  which 
it  hits  the  ground,  the  work  done  by  friction  is 

1^  1  2 

Wf=  —  mv  —  mgh  =  —  m(v  —2 gh) 

If  friction  is  absent,  Wf—  0,  then  v  =  ^ 2gh  . 

2.  Two  block  A  and  B  of  masses  mx  and  m2  are  re¬ 
leased  from  the  same  height  at  the  same  time.  Block 
A  slides  along  an  inclined  plane  of  inclination  Sand 
block  B  falls  vertically  downwards  (Fig.  7.8) 

If  the  inclined  plane  is  frictionless,  gain  in  KE  = 
loss  in  PE,  i.e. 

^  mxv\  =  mxgh  =>  vx  =  ^2 gh 
If  the  air  friction  is  neglected. 

i  ,„A  -  ,«/,  =.  v2  =  VS* 

Thus  both  block  will  hit  the  ground  with  the  same 
speed  independent  of  the  mass.  But  the  times  taken 
to  reach  the  ground  will  be  different. 


For  block  B,  t2  = 

3.  If  a  block  of  mass  m  in  contact  with  a  spring  com¬ 
pressed  by  a  distance  x  is  released,  the  block  will 
leave  the  spring  with  a  velocity  v  determined  from 

1,2  1  2 

—  kx  =  —  mv 
2  2 


x 


which  gives  v 
constant. 


x,  where  k  is  the  spring 
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If  a  block  of  mass  m  moving  with  speed  u  comes  in 
contact  with  a  relaxed  spring  of  spring  constant  k, 
its  velocity  v  when  the  spring  is  compressed  by  an 
amount  x  is  obtained  from. 

1  9  1  9  1  ,  9 

—  mu"  =  —  mV  +  —  fcV 

2  2  2 


which  gives  v  =  ± 


f  k  x1 


1/2 


■  -  U 


m 


If  two  springs  of  spring  constants  kx  and  k2  are 
stretched  by  the  same  force  F,  then  F  =  kxxx 
=  k2  x2.  Potential  energy  stored  is 

1  ,  1 

U\  =  x  k\x  i  =  -  Fx i 


and 


1  ,  1 

U2-  -  k?x  2  -  —  Fx2 
u\  _  X\  _  k2 


which  give  —  =  —  =  — 


U 


h 


6.  If  the  two  springs  are  stretched  by  the  same  amount 
x,  then  Fx  =  kxx  and  F2  =  k2x. 

1  ,  1  9 

Ux  =  —  kxx  and  U2  =  —  k2x  . 

Ux  _  kx_Fx 


U  9 


F, 


7.  A  chain  has  a  length  L  and  mass  M.  A  part  Lin  is 
hanging  at  the  edge  of  the  table.  The  length  of  the 
chain  lying  on  the  table  is  ( L  -  L/n).  Then  work 
done  against  gravity  to  pull  the  hanging  part  on  the 

,  ,  MgL 

table  =  — — 

In 2 

8.  If  a  body  of  mass  m  moving  with  velocity  v  is 
stopped  in  a  distance  x  by  a  retarding  force  F,  then 

1  2  „ 

—  mV  =  Fx 
2 

(a)  If  two  bodies  of  masses  mx  and  m2  moving  with  the 
same  velocity  are  subjected  to  the  same  retarding 
force,  the  ratio  of  the  stopping  distance  is 


Xf 

x0 


7779 


(b)  If  the  two  bodies  are  moving  with  equal  kinetic 
energy  and  are  stopped  by  the  same  retarding  force, 
then 

Xj  =x2 

(c)  If  the  two  bodies  are  moving  with  equal  liner  mo¬ 
mentum  and  are  stopped  by  the  same  force,  then. 

A  „Fx 


2m 


and  —  =  — 

777, 


X9 


'1 


Multiple  Choice  Questions  with  only  One  Choice  Correct 


1.  A  ball  P  moving  with  a  velocity  u  suffers  a  one¬ 
dimensional  collision  with  another  ball  Q  of  the 
same  mass  but  at  rest.  After  the  collision  the  velo¬ 
city  of  Q  is  found  to  be  three  times  that  of  P.  The 
coefficient  of  restitution  is 


(a)  \ 
<c)  i 


(b)  i 

3 

(d)  - 
3 


2.  A  ball  strikes  a  horizontal  floor  at  an  angle  6  =  45°. 
If  the  coefficient  of  restitution  between  the  ball  and 
the  floor  is  1/2,  the  fraction  of  kinetic  energy  lost  in 
the  collision  is 

(a)  ^  (b)  ‘ 


2V2 


<C)  |  <d>  I 

3.  Two  particles  of  the  same  mass  m  moving  in  diff¬ 

erent  directions  with  the  same  speed  v  collide  and 
stick  together.  After  the  collision,  the  speed  of  the 
composite  particle  is  p/2.  The  angle  between  the 
velocities  of  the  two  particles  before  collision  is 
(a)  60°  (b)  90° 

(c)  120°  (d)  150° 

4.  Two  blocks  of  masses  77?j  =  m  and  m2  =  3  m  are 
connected  by  a  spring  of  force  constant  k  and  placed 
on  a  horizontal  frictionless  surface  as  shown  in 
Fig.  7.9.  The  spring  is  stretched  by  an  amount  x 
and  released.  The  system  executes  simple  harmonic 
motion.  The  relative  velocity  of  the  blocks  when 
the  spring  is  at  its  natural  length  is 
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.  .  3  k  [k 

(a)  x  —  (b)  2x  A— 

\  2  m  V  m 


Fig.  7.9 


5.  A  block  P  moves  with  an  initial  velocity  of  4  ms 
towards  a  block  Q  of  the  same  mass  at  rest  at  a  dis¬ 
tance  of  2  m  on  a  rough  horizontal  surface.  The  co¬ 
efficient  of  friction  between  the  blocks  and  surface 
is  0.2.  An  elastic  one-dimensional  collision  occurs 
between  the  two  blocks.  If  g  =  10  ms~2,  the  separa¬ 
tion  between  the  blocks  when  both  have  come  to 
rest  is 

(a)  1  m  (b)  2  m 

(c)  3  m  (d)  4  m 

6.  A  perfectly  elastic  oblique  collision  occurs  between 
a  ball  A  moving  along  the  x-axis  and  a  ball  B  at  rest 
and  of  the  same  mass  as  ball  A.  After  the  collision, 
ball  A  moves  at  an  angle  of  30°  with  the  x-direction 
and  ball  B  at  an  angle  9  with  the  x-axis.  The  value 
of  0is 

(a)  15°  (b)  30° 

(c)  45°  (d)  60° 

7.  A  particle  A  moving  with  momentum  p  suffers  a 
one-dimensional  collision  with  a  particle  B  of  the 
same  mass  but  at  rest.  During  the  collision  B  im¬ 
parts  an  impulse  I  to  A.  The  coefficient  of  restitu¬ 
tion  between  A  and  B  is 


(a)  — 


2J_ 

P 

21 


2J_ 

P 


(b) - 1 


(c)  —  +  1 


(d)  2 


\P 


8.  A  man  of  mass  m  stands  on  one  end  of  a  wooden 
plank  of  length  L  and  mass  Mkept  initially  at  rest 
on  a  horizontal  frictional  surface.  If  the  man  walks 
from  one  end  of  the  plank  to  the  other  end  at  a  con¬ 
stant  speed,  the  resulting  displacement  of  the  plank 
is 

ML 


mL 

(a)  ~TT 

M 


(b) 


(c) 


mL 

(M  +  m) 


(d) 


mL 

(M  —  m) 


9.  A  body  P  of  mass  m  moving  with  kinetic  energy 
k  and  momentum  p  undergoes  a  one-dimensional 


elastic  collision  with  a  body  of  mass  2  m  at  rest. 
After  the  collision,  the  ratio  of  the  kinetic  energy 
of  P  to  that  of  Q  is 


(a) 


1 

8 


(b) 


]_ 

4 


V  l  W  f 

10.  A  shell  of  mass  m  initially  at  rest  explodes  into 
three  fragments  of  masses  in  the  ratio  2:2:  1. 
The  fragments  having  equal  masses  fly  off  along 
mutually  perpendicular  directions  with  speed  v. 
The  speed  of  the  third  (lighter)  fragment  will  be 

(a)  v  (b)  V2  v 

(c)  2^2  v  (d)  2>J2v 

11.  A  shell  is  fired  with  a  speed  of  100  ms~’  at  an 
angle  of  30°  with  the  vertical  (y-direction).  At  the 
highest  point  of  its  trajectory,  the  shell  explodes 
into  two  fragments  of  masses  in  the  ratio  1  :  2. 
The  lighter  fragment  moves  vertically  upwards 
with  an  initial  speed  of  200  ms  1 .  The  speed  of  the 
heavier  fragment  immediately  after  the  explosion 
is 

(a)  125  ms-1  (b)  150  ms-1 

(c)  175  ms-1  (d)  200  ms-1 

12.  A  body  of  mass  m  moving  with  a  certain  speed 
suffers  an  inelastic  collision  with  a  body  of  mass 
Mat  rest.  The  ratio  of  the  final  kinetic  energy  of  the 
system  to  the  initial  kinetic  energy  is 


(a) 


m 

m  +  M 


M 

(b)  m  +  M 


(c) 


m  +  M 


(d) 


m  +  M 


m  M 

13.  Aneutron  moving  at  a  speed  v  undergoes  a  head-on 
elastic  collision  with  a  nucleus  of  mass  number  A  at 
rest.  The  ratio  of  the  kinetic  energies  of  the  neutron 
after  and  before  collision  is 


(a) 


(c) 


A- 1 

77T 

A 

771 


(b) 


(d) 


A  + 1 
A -l 

A 

A- 1 


14.  Aradioactive  nucleus  of  mass  number  .4,  initially  at 
rest,  emits  an  a-particle  with  a  speed  v.  What  will 
be  the  recoil  speed  of  the  daughter  nucleus? 

(a)  ~7~~.  (b)  2U 


(c) 


A- 4 
4v 

A- 4 


(d) 


A  +  4 
4v 

A  +  4 
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15.  A  ball  is  dropped  from  a  height  of  10  m.  It  is 
embedded  1  m  in  sand.  In  this  process 

(a)  only  momentum  is  conserved 

(b)  only  kinetic  energy  is  conserved 

(c)  both  momentum  and  kinetic  energy  are  con¬ 
served 

(d)  neither  momentum  nor  kinetic  energy  is  con¬ 
served. 

16.  n  small  balls,  each  of  mass  m,  impinge  elastically 
each  second  on  a  surface  with  velocity  u.  The  force 
experienced  by  the  surface  will  be 

(a)  mnu  (b)  2  mnu 

(c)  4  mnu  (d)  —  mnu 


17.  A  rubber  ball  is  dropped  from  a  height  of  5  m  on  a 
planet  where  the  acceleration  due  to  gravity  is  not 
known.  On  bouncing  it  rises  to  1 .8  m.  The  ball  loses 
its  velocity  on  bouncing  by  a  factor  of 


(a) 

(c) 


16 

25 

3 

5 


(b) 

(d) 


2 

5 

9 

2 


18.  An  isolated  particle  of  mass  m  is  moving  in  a  hori¬ 
zontal  plane  ( x  —  y),  along  the  x-axis,  at  a  certain 
height  above  the  ground.  It  suddenly  explodes  into 
two  fragments  of  masses  m/4  and  3m/4.  An  instant 
later,  the  smaller  fragment  is  at  y  =  +  1 5  cm.  The 
larger  fragment  at  this  instant  is  at 

(a)  y  =  -  5  cm  (b)  y  =  +  20  cm 

(c)  y  =  +  5  cm  (d)  y  =  -  20  cm 

<  IIT,  1997 

19.  A  body  P  strikes  another  body  Q  of  mass  that  is  p 
times  that  of  body  P  and  moving  with  a  velocity 

that  is  —  of  the  velocity  of  body  P.  If  body  P  comes 
q 


to  rest,  the  coefficient  of  restitution  is 


(a) 

p  +  q 

(b) 

p-q 

p-q 

q(p- 1) 

(c) 

p-q 

(d) 

p  +  q 

p(q- 1) 

p(q- 1) 

20.  Two  equal  spheres  A  and  B  lie  on  a  smoot  hori¬ 
zontal  circular  groove  at  opposite  ends  of  a  diam¬ 
eter.  Sphere  A  is  projected  along  the  groove  and  at 
the  end  of  time  T  impinges  on  sphere  B.  If  e  is  the 
coefficient  of  restitution,  the  second  impact  will 
occur  after  a  time  equal  to 

(b)  eT 
(d)  2  eT 

<  IIT,  1997 


(a)  T 


e 


21.  A  nucleus  of  mass  M  amu  emits  an  a-particles 
with  a  energy  K  MeV.  The  total  energy  of  disinte¬ 
gration  (in  MeV)  is 


(a)  K 


(c) 


K(l  +  M) 


(b) 


(d) 


KM 
(M-  4) 

KM 


M  '  '  (M  +  4) 

22.  A  particle  falls  from  a  height  h  on  a  fixed  horizontal 
plate  and  rebounds.  If  e  is  the  coefficient  of  resti¬ 
tution,  the  total  distance  travelled  by  the  particle 
before  it  stops  rebounding  is 


(a) 


h{  \+e2) 
(l-e2) 


(b) 


h{\-e2) 
(l  +  e2) 


(c) 


hj  l-e2) 
2(1  +  e2) 


(d) 


hj  l  +  e2) 
2{\-e2) 


23.  A  bullet  of  mass  m  is  fired  horizontally  with  a 
velocity  v  on  a  wooden  block  of  mass  M suspended 
from  a  support  and  gets  embedded  in  it.  The  kinetic 
energy  of  the  bullet  +  block  system  is 


(a) 

1  2 

—  mv 

2 

(b) 

1  ? 

—  (M  +  m)v 

(c) 

Mmv 2 

(d) 

2  2 
m  v 

2  (M  +  m) 

2  (M  +  m) 

24.  A  body  of  mass  m  moving  with  a  speed  v  suffers 
an  inelastic  collision  and  sticks  with  another  body 
of  mass  M=  2m  at  rest.  The  speed  of  the  composite 
body  will  be 


(a)  3v 

(b) 

.  277 

(c)  — 

3 

(d) 

25.  In  Q.  24  above,  the  ratio  of  the  final  kinetic  energy 
of  the  system  to  the  initial  kinetic  energy  is 


(a)  - 
3 

(b) 

(c)  3 

(d) 

26.  A  body  of  mass  5  kg  is  moving  along  the  x-axis 
with  a  velocity  2ms~1.  Another  body  of  mass  10  kg 

is  moving  along  the  y-axis  with  a  velocity  V3  ms1. 
They  collide  at  the  origin  and  stick  together.  The 
final  velocity  of  the  combined  mass  is 

(a)  V3  ms"1  (b)  (VJ  +  l) 


ms 


(c)  -  ms  1 
3 


(d)  none 


Conservation  of  Linear  Momentum  and  Collisions  7.11 


27.  A  block  of  wood  of  mass  Mis  suspended  by  means 
of  a  thread.  A  bullet  of  mass  m  is  fired  horizontally 
into  the  block  with  a  velocity  v.  As  a  result  of  the 
impact,  the  bullet  is  embedded  in  the  block.  The 
block  will  rise  to  vertical  height  given  by 

\2  i  f  \2 


(a)  Y 

2  g 


(c) 


1 


mv 

M  +  m 


mv 


2  g 


mv 
M  —  m  ) 


(d) 


1 


mv 


2 g  ( M  +  m)  2 g  ( M  —  m) 

28.  A  moving  particle  of  mass  m  makes  a  head-on 
collision  with  a  particle  of  mass  2m  initially  at  rest. 
If  the  collision  is  perfectly  elastic,  the  percentage 
loss  of  energy  of  the  colliding  particle  is 

(a)  50%  (b)  66.7% 

(c)  88.9%  (d)  100% 

29.  A  body  of  mass  m  moving  with  a  velocity  v  in  the 
x-direction  collides  with  a  body  of  mass  M  mov¬ 
ing  with  a  velocity  L  in  the  y-direction.  They  stick 
together  during  collision.  Then 

(a)  the  magnitude  of  the  momentum  of  the 
composite  body  is  y](mv)2  +  (MV )2 

(b)  the  composite  body  moves  in  a  direction 


making  a  angle  9  =  tan 
x-axis. 


l 


MV\ 


mv 


J 


with  the 


(c)  the  loss  of  kinetic  energy  as  a  result  of  col¬ 


lision  is  — 


1  Mm 


( V 2  +  v2) 


2  ( M  +  m) 

(d)  all  the  above  choices  are  correct. 

30.  A  body  falls  from  a  height  h  on  a  horizontal  surface 
and  rebounds.  Then  it  falls  again  and  again  rebounds 

and  so  on.  If  the  restitution  coefficient  is  - ,  the 

3 

total  distance  covered  by  the  body  before  it  comes 
to  rest  is 


,  ,  h 
<a)  ; 


M  f 


(c)  2 h  (d)  3/7 

31.  In  Q.  30  above,  the  total  time  taken  by  the  body  to 
come  to  rest  is 


32.  A  body  of  mass  m  moving  with  a  velocity  v  in  the 
x-direction  collides  and  sticks  with  another  body  of 


mass  Mmoving  with  a  velocity  Lin  the  y-direction. 
The  magnitude  of  the  momentum  of  the  composite 
body  is 

(a)  ( mv  +  MV )  (b)  (m  +  M)  (v  +  V) 

(c)  [(mv)2  +  (ML)2] 1/2  (d)  (Mv  +  mV) 

33.  In  Q.  32  above,  the  angle  9  subtended  by  the  veloc¬ 
ity  vector  of  the  composite  body  with  the  x-axis  is 
given  by 

(a)  6  =  tan-1  f  — — -  ]  (b)  6  =  tan-1 

V  mv  J 

(c)  9=  tan 1  (d)  9=  tan-1 

V  Mv  J  V  777  L  J 

34.  A  body  P  of  mass  m ,  moving  with  a  certain  velocity 
collides  head-on  with  a  stationary  body  Q  of  mass 
777 2*  It  the  collision  is  elastic,  the  fraction  of  kinetic 
energy  transferred  from  body  P  to  body  Q  is 


(a) 

2(777, 7772) 

2 

(b) 

4(77717?72) 

2 

(777j  +  7772) 

(777j  +  7772) 

2  777  2 

2m  j 

(c) 

(d) 

z 

(777j  +  ?772  )2 

(mx  +  m2  )2 

35.  Two  particles,  each  of  mass  m,  moving  along 
different  directions  with  a  velocity  u  making  the 
same  angle  with  the  x-axis  collide  and  stick  together. 
The  composite  particle  moves  along  the  x-axis  with 
a  velocity  u!2.  The  angle  between  their  directions 
of  motion  before  collision  is 

(a)  60°  (b)  90° 

(c)  120°  (d)  150° 

36.  A  bullet  of  mass  m  moving  with  a  horizontal 

velocity  u  strikes  a  stationary  wooden  block  of  mass 
M  suspended  by  a  string  of  length  L  =  50  cm.  The 
bullet  emerges  out  of  the  block  with  speed  u/4.  If 
M  =  6  777,  the  minimum  value  of  u  so  that  the  block 
can  complete  the  vertical  circle  is  (take  g  =  10  ms~2) 
(a)  10  ms-1  (b)  20  ms-1 

(c)  30  ms~'  (d)  40  ms-1 

37.  A  compound  pendulum  consists  of  a  uniform  rod  of 
length  L  of  negligible  mass.  A  body  of  mass  mx  =  m 
is  fixed  at  the  lower  end  and  a  body  of  mass  m2  =  2  m 
is  fixed  exactly  in  the 
middle  of  the  rod  as 
shown  in  Fig.  7.10 

The  horizontal  velo¬ 
city  v  that  must  be 
given  to  mass  m  x  to 
rotate  the  pendnlum 
to  the  horizontal 
position  OC  is 


LI  2 


L  m2%A 


m  i 


Fig.  7.10 
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(a)  2^  (b)  2^L 

(c)  ^2gL  (d)  JgL 

38.  A  ball  is  thrown  will  a  velocity  v]  towards  a  vertical 
wall  at  an  angle  a  with  the  wall.  It  rebounds  with 
a  velocity  v2  making  an  angle  (3  with  the  wall  as 
shown  in  Fig.  7.11.  If  the  coefficient  of  restitution 
between  the  ball  and  the  wall  is  e,  then  v2  is  given 
by 

(a)  v2  =  th(cos  a  +  e  sin  a ) 

(b)  v2  =  f  ,(sin  a  +  e  cos  a ) 

(c)  v2  =  vx  v/sin2  a  +  e2  cos2  a 

(d)  v2  =  vx  v/cos2  a  +  e2  sin2  a 


Fig.  7.11 

39.  Two  small  particles  of  equal  masses  start  moving  in 
opposite  directions  from  a  point  A  in  a  horizontal 
circular  orbit.  Their  tangential  velocities  are  v  and 
2v,  respectively,  as  shown  in  Fig.  7.12.  Between 
collisions,  the  particles  move  with  constant  speeds. 
After  making  how  many  elastic  collisions,  other 
than  that  at  A,  will  these  two  particles  again  reach 
the  point  A? 


Fig.  7.12 


(a)  4  (b)  3 

(c)  2  (d)  1 

g  IIT,  2009 

40.  A  ball  of  mass  0.2  kg  rests  on  a  vertical  post  of 
height  5  m.  A  bullet  of  mass  0.01  kg,  travelling  with 
a  velocity  V  m/s  in  a  horizontal  direction,  hits  the 
centre  of  the  ball.  After  the  collision,  the  ball  and 
bullet  travel  independently.  The  ball  hits  the  ground 
at  a  distance  of  20  m  and  the  bullet  at  a  distance  of 
100  m  from  the  foot  of  the  post.  The  velocity  V  of 
the  bullet  is  (see  Fig.7.13) 

(a)  250  m/s  (b)  250  m/s 

(c)  400  m/s  (d)  500  m/s 


j _ i _ , 

0  20  100 

Fig.  7.13 


<  IIT,  2011 

41.  A  ball  is  thrown  from  a  point  O  with  a  velocity 
u  =  20  ms-1  at  an  angle  0=30°  with  the  horizontal. 
It  hits  a  vertical  wall  which  is  at  a  distance  x  from 
O  as  shown  in  Fig.  7.14.  After  rebounding  from  the 
wall,  the  ball  returns  to  O  without  retracing  its  path. 
If  g  =  1 0  ms  2  and  the  coefficient  restitution  e  =  0.5, 
the  value  of  x  is 

(a)  9.6  m  (b)  10.3  m 

(c)  11.5  m  (d)  12.8  m 


Fig  7.14 
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SOLUTIONS 


1.  Let  v |  and  v2  be  the  velocities  of  P  and  Q  after  the 
collision. 

Coefficient  of  restitution  =  — - -  =  El _ (1) 

u  -  0  u 

From  conservation  of  momentum,  we  have 

mu  +  0  =  mvx  +  mv-,  (2) 

=>  u  =  vx  +  v2 

From  Eqs.  (1)  and  (2),  we  get 


vi  =  |  C1  -  e)  and  v2  =  |  (1  +  e) 

v2  =  1  +  g 
Uj  1-e 

Given  u2  =  3rq.  Flence  3  =  - -  =>  e  =  — 

1-e  2 


2.  Let  tt  be  the  speed  of  the  ball  before  the  collision. 
After  the  collision,  its  speed  will  be 


1  2  1  2 

—  /77W - /77Z7 

Fraction  of  K.E.  lost  =  — - - - — - 

1  2 
—  mu 
2 


3.  Let  9  be  the  angle  between  the  velocities  of  the 
two  particles  before  collision.  If  px  and  p2  are  the 
momenta  of  the  particles  before  collision  and  p  is 
the  momentum  of  the  composite  particle,  then  the 
conservation  of  momentum  gives 

P2  =  P2\+  p\  +  2PiPi  cos  d 


V  2  ? 

2  m  —  =  (mv)  +  (mv)~  +  2  (mv)  (mv)  cos  9 


cos  9  =  -  —  or  9  =  120° 
2 


4.  If  v  is  the  relative  velocity  of  the  two  blocks  when 
the  spring  is  at  its  natural  length,  then  from  the 
conservation  of  energy,  we  have 

^  PV2=  |  kx2  (1) 


where  p  is  the  reduced  mass  of  the  system  and  is 
given  by 


m  i  m  m  X  3  m  3  m 

p=  - - — —  =  -  =  - 

(Wj  +  m2 )  (m  +  3  m)  4 
Substituting  in  Eq.  (1)  we  get 


5. 


Frictional  force  /  = 
friction  is 


v  =  2x  J - 

3  m 

pmg.  The  retardation  due  to 


a  =  —  =  pg  =  0.2  x  10  =  2  ms  2 
m 

Since  the  blocks  have  the  same  mass  and  the  colli¬ 
sion  is  elastic,  after  the  collision,  block/’  will  come 
to  rest  at  the  position  previously  occupied  by  block 
Q  and  Q  will  begin  to  move  with  the  velocity  at 
which  P  strikes  Q  which  is  given  by 

v2  =  2  as  =  2x2x2  =  8  =>  v  =  s/s  ms-1 


Moving  with  velocity  of  V8  ms  *,  the  block  Q  will 
come  to  rest  after  travelling  a  distance  x  given  by 

„2  o 


X  = 


2x2 


=  2  m 


Hence  the  correct  choice  is  (b). 

6.  In  an  oblique  elastic  collision  between  two  body  of 
the  same  mass,  they  move  at  right  angles  to  each 
other  after  the  collision.  Hence  the  correct  choice 
is  (d). 

7.  Let  px  and  p2  be  the  linear  momenta  of  A  and  B  after 
the  collision.  Now,  impulse  =  change  in  momen¬ 
tum. 

For  particle  B  :  I  =  P\ 

For  particle  A  :  I  =  p-p2  =>  p2=p-I 


coefficient  of  restitution  e  = 


V\  ~  V2 
U 


mvl  —  mv2 
mu 


=  Pi  ~  Pi 
P 

where  m  is  the  mass  of  each  particle  and  it  is  the 
velocity  A  before  collision  and  vx  and  v2  are  the 
velocities  of  A  and  B  after  the  collision.  Hence 
_  px-p  + 1  _  I  —  p  +  I  _  21 

P  P  P 

So  the  correct  choice  is  (b). 

8.  Total  initial  momentum  of  the  man-plank  system  is 
zero.  If  he  walks  with  a  speed  v  on  the  plank,  as  a 
result,  the  plank  moves  with  a  speed,  say,  v'  in  the 
opposite  direction.  The  total  final  momentum  of 
system  =  mv  —  (M  +  m)  v'.  From  conservation  of 
momentum, 
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0  =  mv  —  ( M  +  m)  v' 

v'  m 

U  ( M  +  in ) 

Since  the  distance  moved  in  proportional  to  speed 
(since  there  is  no  acceleration),  the  displacement  L' 
of  the  plank  is  given  by  choice  (c). 

9.  Total  momentum  before  collision  is  p  =  mu  +  0 

1  2 

=  mu  and  kinetic  energy  is  K  =  —  mu  .  If  vx  and 

v2  are  the  velocities  of  P  and  Q  after  the  collision, 
then,  from  momentum  conservation, 
mu  =  mvl  +  (2  m)  v2 

=>  P=P\+Pi  (1) 

From  conservation  of  kinetic  energy, 

K=KX+  K2 

1  ,  1  2 

where  Kx  =  —  mv\  and  K2  =  —  (2  m)  v2 

Thus  —  mu 2  =  —  mv ?  +  mvl 
2  2 


n2  2  2 

P—  =  P\  ,  P2 
2  m  2  m  4  m 


2 p2  =  2 pi  +  p\ 


(3) 


FromEq.  (1  ),p2  =p-pv  Using  this  inEq.  (3)  and 
solving  we  get 

P  4  p 

P i  =  -  ~  •  Hence  p2  =  — 

Now  K,  =  —  mv\  =  -Q—  =  — — 

2  2  m  1 8  m 


and  K7=-  mv22  =  ~  =  — 
2  4  m  9  m 


K  1 

— -  =  - ,  which  is  choice  (a). 

K2  8 

10.  Mass  of  each  heavier  fragment  =  2  ml 5  and  of  lighter 
fragment  =  m/5.  Momentum  of  each  heavier  frag¬ 
ment  is/?  =  2  mi?/5.  Since  they  fly  off  along  mutually 
perpendicular  directions,  their  resultant  momentum 

=  4  P2  +  P2  =  v/2  p  .  If  Fis  the  speed  of  the  lighter 

fragment,  from  the  conservation  of  momentum,  we 
have 

mV  nz  2  mv 

-  -  nz  -  V2  x - 

5  s2  p  5 


v=  2V2 


v. 


11.  Velocity  of  the  shell  at  the  highest  point  is  v  = 
100  X  sin  30°  =  50  ms~'  parallel  to  x-direction.  Its 
momentum  is  p  =  mv  (Fig.  7. 15). 


Fig.  7.15 

m  _i 

P\  =  —  v1,  where  vx  =  200  ms  .  If  v2  is  the  ve¬ 
locity  of  the  heavier  fragment,  its  momentum  is 
2mv2/3.  Conservation  of  momentum  along  x  and 
/■-directions  gives 

p  =  p2  cos  a 


mv  = 


2  m  v7 


cos  a 


=>  3v  =  2v2  cos  a 
and  px  =  p2  sin  a 
2  m  v7 


(1) 


m 

—  v,  =  - 

3  3 


sm  a 


v{  =  2v2  sin  a 


(2) 


From  (1)  and  (2),  we  get  v2  =  ^  (v\  +  9p2)1/2. 

=  |  [(200)2  +  9(50)2]1/2 
=  125  ms-1 

12.  Initial  momentum  of  the  system  =  mv,  since  body 
of  mass  Mis  at  rest.  After  the  inelastic  collision,  the 
bodies  stick  together  and  the  mass  of  the  composite 
body  is  (m  +  M).  If  V  is  the  speed  of  the  composite 
body,  its  momentum  will  be  (m  +  M)V.  From  the 
principle  of  conservation  of  momentum,  we  have 
mv  =  (m  +  M)V 


or  V  = 


m 


m  +  M 


1  ,  1  2 

Initial  KE  =  —  mV.  Final  KE  =  —  (m  +  M)  V1. 
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Therefore, 

Final  KE  _  ( m+MXV2  _  m 
Initial  KE  v  m  )  v 2  m  +  M 

Hence  the  correct  choice  is  (a). 

13.  Mass  of  neutron  (mx)  =  1  unit.  Mass  of  nucleus 
(m2)  =  A  units.  Refer  to  page  7.2.  Here  ul  =  u  and 
«2  =  0.  Therefore  the  velocity  of  the  neutron  after 
the  collision  is 


v,  = 


u  = 


1-Hh 


-  \u 


V ml  +  m2  )  VI  +  A) 
KE  of  neutron  after  collision  =  —  m , v 


2 

1 


=  -  X  1  X 
2 


1  -A 

1 +  A 


1  2 

KE  of  neutron  before  collision  =  —  m  u 

2 

1  .  2  1  2 
=  —  X  1  X  U  =  —  U  . 

2  2 


Their  ratio  is 


,  which  is  choice  (a). 


14.  The  total  number  of  nucleus  (i.e.  protons  +  neutrons) 
in  a  nucleus  is  called  its  mass  number.  An  a-particle 
is  a  helium  nucleus  having  2  protons  and  2  neutrons. 
So  the  mass  number  of  an  a-particle  =  4.  When  a 
nucleus  of  mass  number  A  emits  an  a-particle,  the 
mass  number  of  the  daughter  nucleus  reduces  to 
(A  -  4).  If  V  is  the  recoil  speed  of  the  daughter 
nucleus,  we  have,  from  the  law  of  conservation  of 
momentum, 

(A  -  4)V-  4v  =  0 


A- 4 


Hence  the  correct  choice  is  (c). 

15.  The  collision  is  inelastic  because  the  two  bodies 
stick  to  each  other  after  collision.  In  an  inelastic 
collision,  only  the  momentum  is  conserved;  there 
being  a  loss  in  kinetic  energy.  Hence  the  correct 
choice  is  (a). 

16.  Since  the  collision  (impact)  is  elastic,  the  ball 
rebounds  with  the  same  speed.  Therefore,  the 
change  in  momentum  of  each  ball  =  2  mu.  The 
change  in  momentum  per  second  due  to  n  balls  = 
2  mnu.  But  the  change  in  momentum  per  second  is 
the  force.  Hence  the  correct  choice  is  (b). 

17.  A  ball  dropped  from  a  height  hx  on  reaching  the 
planet’s  surface  will  have  a  velocity  given  by 

vi  =  yJ2gh\ 


Let  v2  be  the  velocity  with  which  the  ball  bounces. 
It  will  attain  a  height  h2  given  by 

v\=  V 2g/72 


or 


or 


Vi 

1  -  -1  =  1  -  0.6 

vi 

.  0.4 

5 


V 


Hence  the  correct  choice  is  (b). 

18.  Let  m  and  M  be  the  masses  of  the  lighter  and 
heaviers  fragments  respectively.  Since  the  par¬ 
ticle  is  moving  along  the  x-axis,  the  y-component 
of  momentum  will  be  zero  immediately  after  and 
before  explosion,  i.e. 

nn\.  +  MVy  =  0 

where  vY  and  Vy  are  the  velocities  of  the  lighter  and 
heavier  fragments  respectively  immediately  after 
explosion.  Thus 


V  =  -I  — 
l  M 


vy  =  - 


ml  A 
3m/4 


= - A. 


Since  y  =  +  15  cm,  the  direction  of  vy  is  along 
the  positive  y-axis  and  that  of  Vy  will  be  along  the 
negative  y-axis.  An  instant  later  (say,  at  time  t),  it 
is  given  that 

y  =  15  cm  =  vyt 

Y=Vyt=  ~\vyt=  ~\y 

=  —  —  X  15  cm  =  —  5  cm 
3 


19.  Given  m0  =  p  mP  and  Vq  =  vP/q.  From  the  principle 
of  conservation  of  momentum,  we  have  (since  body 
P  comes  to  rest  after  collision) 

mP  vP  +  iuq  Vq  =  mg  v 

where  v  is  the  velocity  of  body  Q  after  collision. 
Thus 


Up 

m  P  vP  +  p  m P  —  =  p  mPv. 

q 

.  v  p  +  q 

which  gives  —  =  - 

vP  pq 

Now,  the  coefficient  of  restitution  is  given  by 

v  v 

e  =  - =  - 


(i) 


VP~VQ 


v„ 


vp~ 
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v  e 

which  gives  —  =  —  (q  -  1)  (ii) 

Vp  cj 

Equating  (i)  and  (ii),  we  get  e  =  ^  +  ^  which  is 

choice  (d).  P\Q~  1) 

20.  Refer  to  Fig.  7.16.  If  sphere  A  is  projected  with 
velocity  v,  the  time  taken  by  it  to  strike  B  is  equal 

71  r 

to  —  =  T  or  nr  =  Tv.  Now,  the  coefficient  of  res- 
v 

titution  is  given  by 


v 


where  vA  and  vB  are  the  velocities  of  A  and  B 
after  the  collision.  Thus,  vB-vA  =  ev.  The  spheres 
travel  with  this  relative  velocity.  It  is  clear  that  one 
will  overtake  the  other  after  travelling  a  distance 
=  2  nr. 

2  nr  2  nr  2  Tv  2  T 

Time  taken  =  - = - = - =  — 

vB  -  vA  ev  ev  e 


22.  The  total  distance  travelled  is 

S  =  h  +  e2h  +  2  e4h  +  2  e6h  +  ... 

=  h  +  2  h(e2  +  e4  +  e6  +  ...) 

=  "  +  2fe) 


h(l  +  e2) 
l-e 

23.  Initial  momentum  (p)  =  momentum  of  bullet  + 
momentum  of  block  =  mv  +  0  =  mv.  From  the 
principle  of  conservation  of  momentum,  final 
momentum  of  bullet  +  block  system  of  mass 
(M+  m)  =  Initial  momentum  p.  Now 


2  x  (M  +  m)  2  (M  +  m) 

Hence  the  correct  choice  is  (d). 

24.  The  correct  choice  is  (b).  In  an  inelastic  collision, 
the  bodies  stick  together.  To  find  the  speed  of  the 
composite  body,  use  the  principle  of  conservation 
of  linear  momentum. 

25.  The  correct  choice  is  (a).  Find  kinetic  energies 
before  and  after  the  collision. 

26.  Momentum  of  5  kg  mass  (p^  =  5  x  2  =  10  kg  ms-1 
along  the  x-axis.  Momentum  of  10  kg  mass  (p2 ) 
=  10VJ  kg  ms-1  along  they-axis.  These  two  mo¬ 
menta  are  perpendicular  to  each  other.  Therefore, 
the  resultant  initial  momentum  is 


(since  nr  =  Tv).  Hence  the  correct  choice  is  (c). 

21.  Fet  Fbe  the  velocity  of  the  nucleus  and  v  that  of 
the  cc-p  article  after  disintegration,  then  from  the 
principle  of  conservation  of  momentum,  we  have 
(since  the  mass  of  an  a-particle  is  4  amu) 

(M  -  4)  V  =  4v  or  V  =  — — —  (i) 

(M  -  4) 

Total  KE  =  ^  (M-  4)  V2  +  ^  x  4  x  v2  (ii) 

1  , 

Now  —  x  A  x  v  =  K.  Using  (i)  in  (ii),  we  have 


Total  KE  =  -  (M -  4)  x  l6V  , 
2  (M-4)2 


+  2v2 


8zr 


M-4 
4  K 


+  2v~ 


+  K  = 


MK 


M-4  M-4 

Hence  the  correct  choice  is  (b). 


(v  2zr  =  K) 


P  =  4 P\  +  Pi  =  ^/(10)2  +  (10VJ)  =  20  kg  ms  1 

If  v  ms-1  is  the  velocity  of  the  combined  mass, 
then  the  final  momentum  =  (10  +  5)p=15p 
kg  ms1.  Now,  from  the  principle  of  conservation 

4  -1 

of  momentum,  we  have  1 5  v  =  20  or  v  =  —  ms  , 

3 

which  is  choice  (c). 

27.  Fet  V  be  the  velocity  of  the  block  with  the  bullet 
embedded  in  it  at  the  time  of  impact.  Then  from 
the  principle  of  conservation  of  momentum,  we 
have 

mv  =  (M  +  m)  V 


or 


mv 

V  ~  (M  +  m) 


(i) 


If  the  block,  with  the  bullet  embedded  in  it,  rises 
to  a  vertical  height  h,  then  from  the  principle  of 
conservation  of  energy,  we  have 


1  2 

—  (M  +  m)  V 2 


(M  +  m)  gh 


or  V  =  yj2gh 


(ii) 
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Using  (ii)  in  (i),  we  get 
mv 


yflgh  = 


(M  +  m) 

Squaring  this  equation,  we  find  that  h  is  given 
correctly  by  choice  (a). 


28.  Percentage  loss  of  energy  = 


4/77  M 
(M  +  m)2 


x  100 


-  *!^!L  x  ,00  -  ™  -  88.9% 
(2/77  +  777 )  9 

Hence  the  correct  choice  is  (c). 

29.  Refer  to  Fig.  7.17.  Here  p  =  mv  and  P  =  MV.  The 
resultant  of  p  and  P  is 


^  ,  .  2/7  2/7  „  o  12/? 

31.  Total  time  =  . - f  2e . - i-2 e“ - h- 


S 


g 


g 


=  k+2k{e+e +-> 

[2h  +  2  \2h  e 


g 


g  (1-e) 


1  +  e 

\\-ej 


_ 3 

v'-L 


v  ^ 


which  is  choice  (b). 
32.  Refer  to  Fig.  7.18. 


/V=  \lp2  +P2  =\J(mv)2  +  (MV)2 


y 


which  is  choice  (a).  The  angle  which  the  resultant 
momentum  pr  subtends  with  the  x-axis  is  given  by 
P  MV 

tan  0  =  —  — - ,  which  is  choice  (b). 

p  mv 

Loss  of  KE 


(1  2 

1  9^x2^ 

1 

"777  V  +M2V2' 

—  mv 

+  -MV 

— 

(M  +  777) 

u 

2  ) 

2 

1  mm  2  ?\  ,  •  ,  •  ,  •  xx 

=  —  - - -  (V  +  v  ),  which  is  choice  (c). 

2  (M  +  m) 

30.  Total  distance 

=  h  +  2  e2  h  +  2  e*  h  +  ... 

=  h  +  2  e2  h  (1  +  e2  +  ...) 


=  h  + 


2e2  h 

i  2 

1  -  e 


—  /? 


f 

V 


1  +  e 

1  -  e 


2\ 


2) 


Let  v'  be  the  velocity  of  the  composite  body  at  an 
angle  9  with  the  x-axis  (Fig.  7.11).  Equating  the 
initial  and  the  final  momentum  along  x  and  y-axes, 
we  have 

mv=  (m  +  M)  v'  cos  9  =  p  cos  9  (i) 

and  MV  =  (m  +  M)  v'  sin  9  =  p  sin  9  (ii) 

where  p'=  (m  +  M)  v'  is  the  momentum  of  the 
composite  body.  Find  p  by  squaring  and  adding  (i) 
and  (ii).  The  correct  choice  is  (c). 

33.  Divide  (ii)  by  (i).  The  correct  choice  is  (a). 

34.  Let  u  be  the  velocity  of  P  before  collision  and  vx 
and  v2  the  velocities  of  P  and  Q  after  collision. 
From  conservation  of  momentum,  we  have  mxit  +  0 
=  mxvx  +  m2v2  which  gives 

mx(u  -  vx)  =  m2v2  (1) 

From  the  conservation  of  kinetic  energy  we  have 

|  m\U\  =  \  "7l^l  +  |  m2V\ 

777 1  (m2  -  vx)  =  m2v\ 

=>  777  [(77  -  Z7[)(77  +  Z7[)  =  m^\ 


which  is  choice  (b). 


(2) 
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Dividing  Eq.  (2)  by  Eq.  (1)  we  get 
u  +  vx  =  v2 

From  Eqs.  (1)  and  (3)  we  get 


v  =  I  '"1  _  '"2 


(3) 

(4) 

mx  +  m2 

Initial  K.E.  of  P(K)  =  ^  m , u2, 

1  ^ 

final  K.E  of  P  =  —  777,77,“ 

2  1  1 

1,1  2 

Decrease  in  K.E.  of  P(AK)  =  —  mxu  -  —  mxvx  . 

Fractional  decreases  in  K.E.  of  P  is 

1  2  1  2 

/tjc  2m\u  ~2 m<°\ 


K 


1  2 

—  mat 
2  1 

2  2  2 
U  -V 1  _  t  Vx 

2  ^  ~  ~2 
U  ll 


=  1 


■'I  “  "'2 


777;  +  777 2 
4777[7772 


[use  Eq.  (4)] 


(77?1  +  777 2  ) 

Thus  the  correct  choice  is  (b). 

35.  Refer  to  Fig.  7.19. 

From  conservation  of  x-component  of  momentum, 
we  have 

6 
2 


=  2  777  x  —  =  mu  ( v  v  =  u/2) 


[  — |  =  2mv 

\2l 

which  gives  v  =  2. 

2  cos^— j=l 

(d\  1  0 

—  I  =  —  —  60°  =>  0=  120° 

which  is  choice  (c) 

I  y 


36.  Let  V  be  the  speed  of  the  block  after  the  bullet 
emerges  out  of  it.  From  conservation  of  momentum 
we  have 


mu  =  MV  +  777  — 

\4 

which  gives  V  = 

AM 

Now  refer  to  Q.  27  of  Section  III  of  Chapter  4.  The 
minimum  speed  the  block  must  have  to  complete 
the  vertical  circle  is 


V=  v/5 ~gL 


3m  u 
AM 


=  j5gL 


u=  —  xj5^L 
3  m 


=  —  x  6  x  V5  x  10  x  0.5  =  40  ms 
3 


Hence  the  correct  choice  is  (d). 

37.  Since  mass  m2  is  at  a  distance  LI 2  from  the  axis  of 
rotation,  it  speed  will  be  v!2  (half  that  of  mass  777  j ) . 
From  the  principle  of  conservation  of  energy  we 
have 

1  2  1  M2 

-  mxv  +  -  tw2|-|  =  mxgOB  +  m2gOA 

1  2  1  .  P2  T 

2  2  A  B  2 


2gL 


which  is  choice  (a). 

v  i 

38.  The  component  of  velocity  parallel  to  the  wall 
remains  unchanged  and  the  component  of  veloc¬ 
ity  perpendicular  to  the  wall  reduces  by  e  times  its 
value  before  collision.  Thus  we  have 

v2  cos  fi=  V\  cos  a 

and  v2  sin  =  evx  sin  a 
Squaring  and  adding  we  get 

v2  =  vx  V(cos2  a  +  e2  sin2  a) 

Hence  the  correct  choice  is  (d). 

39.  Refer  to  Fig.  7.20.  First  collision  will  occur  when 
angle  9  satisfies  the  equation 

Or  _  ( 2n-9)r 
v  2v 


which  gives  0  =120°. 

After  the  first  collision ; 
a  speed  v  and  will  make  a  second  collision  with  mx 


After  the  first  collision  at  B,  m2  will  move  back  with 


Conservation  of  Linear  Momentum  and  Collisions  7.19 


at  C.  After  the  second  collision  at  C,  mx  will  move 
back  with  a  speed  v  and  meet  m2  at  A.  If  the  third 
collision  at  A  is  neglected,  the  particles  will  make 
two  collisions  before  they  reach  A.  Hence  the  cor¬ 
rect  choice  is  (c). 

Third  collision 


Second 

collision 


2x5 

10 


=  Is 


2/j 

40.  Time  of  flight  (Q  =  A —  = 

Horizontal  range  ( R )  =  horizontal  velocity  x  time 
of  flight 

,\  Horizontal  velocities  of  the  bullet  and  of  the  ball 
after  the  collision  respectively  are 

(^)buiiet  =  1~y  =  100  ms-1 

Whan  =  y  =  20  ms"1 

From  conservation  of  momentum. 

Total  initial  momentum  =  total  final  momentum 

(w)bullet  X  (w)bullet  X  (u)bullet  +  (,w)ball 

X  (U)ball 

=>  0.01  V=  0.01  x  100  +  0.2  x  20 

=>  V=  500  ms"1 

41.  Refer  to  Fig  7.14  on  page  7.12. 

Horizontal  velocity  before  hitting  the  wall  is  ux  = 
u  cos  9. 


Horizontal  velocity  after  rebounding  from  the  wall  is 
u'x  =  e  ux  =  e  u  cos  9  . 

Horizontal  displacement  from  O  to  A  or  from  A  to 
O  =  x. 

Time  taken  to  go  from  O  to  A  is 


U  =  x 


(i) 


u  cos  6 

Time  taken  to  return  from  A  to  O  is 

x 

tl  = 


- -  (ii) 

eu  cos  9 

Since  the  horizontal  and  vertical  motions  are  inde¬ 
pendent  of  each  other,  the  net  vertical  displacement 
Sy  =  0  since  the  ball  returns  to  O.  If  t  is  the  total 
time  taken  by  the  ball  to  go  from  O  to  A  and  return 
to  O,  then  from 

S„  =  uj  -  -  ef  we  have 


y 


1  9 

0  =  (u  sin0)  t  -  —  gt 


t  = 


2  u  sin  8 
g 


(iii) 


Now  t  =  t j  +  t2.  Using  (i)  and  (ii)  in  (iii),  we  have 
2  u  sin  9  x  x 


g 


x  = 


u  cos  9  eu  cos  9 
u 2  sin(20) 


1  + 


_  (20)2  sin60c 


1  +  — 
0.5 


20 

V3 


-11.5  m,  which  is  choice  (c) 


Multiple  Choice  Questions  with  one  or  More  Choices  Correct 


1.  In  an  inelastic  collision  of  two  bodies,  which  of  the 
following  do  not  change  after  the  collision? 

(a)  total  kinetic  energy 

(b)  total  linear  momentum 

(c)  total  energy 

(d)  total  angular  momentum 

2.  Which  of  the  following  statements  are  true? 


(a)  In  a  elastic  collision  of  two  bodies,  the  momen¬ 
tum  and  energy  of  each  body  is  conserved. 

(b)  The  total  energy  of  a  system  is  always 
conserved  irrespective  of  whether  external 
forces  act  on  the  system. 

(c)  The  work  done  by  a  force  in  nature  on  a  body, 
over  a  closed  loop,  is  not  always  zero. 


7.20  Comprehensive  Physics — JEE  Advanced 


(d)  In  an  inelastic  collision  of  two  bodies,  the 
final  kinetic  energy  is  less  than  the  initial 
kinetic  energy  of  the  system. 

3.  A  molecule  in  a  gas  container  hits  the  wall  with 
speed  v  at  an  angle  0  with  the  normal  and  rebounds 
with  the  same  speed  as  shown  in  Fig.  7.21.  Which 
of  the  following  statements  are  true? 

(a)  The  momentum  of  the  system  is  conserved 
in  the  collision. 

(b)  The  momentum  of  the  molecule  before  col¬ 
lision  with  the  wall  is  equal  to  the  momentum 
of  the  molecule  after  collision. 

(c)  The  collision  is  elastic. 

(d)  The  collision  is  inelastic. 


Wall 


4.  A  particle  A  suffers  an  oblique  elastic  collision  with 
a  particle  B  that  is  at  rest  initially.  If  their  masses 
are  the  same,  then,  after  the  collision 

(a)  they  will  move  in  the  opposite  directions 

(b)  A  continues  move  in  the  original  direction 
while  B  remains  at  rest 

(c)  they  will  move  in  the  mutually  perpendicular 
directions 

(d)  A  comes  to  rest  and  B  starts  moving  in  the 
direction  of  the  original  motion  of  A 

5.  Choose  the  correct  statements  from  the  following: 

(a)  The  general  form  of  Newton’s  second  law 
of  motion  is  Fext  =  ma. 

(b)  A  body  can  have  energy  and  yet  no  momen¬ 
tum. 


(c)  A  body  having  momentum  must  necessarily 
have  kinetic  energy. 

(d)  The  relative  velocity  of  two  bodies  in  a  head- 
on  collision  remains  unchanged  in  magnitude 
and  direction 

6.  A  ball  of  mass  m  moving  horizontally  at  a  speed  v 
collides  with  the  bob  of  a  simple  pendulum  at  rest. 
The  mass  of  the  bob  is  also  m. 

(a)  If  the  balls  stick  together,  the  height  to  which 

v2 

the  two  balls  rise  after  the  collision  is  — . 


(b)  If  the  balls  stick  together,  the  kinetic  energy 
of  the  system  immediately  after  the  collision 
becomes  half  of  that  before  collision. 

(c)  If  the  collision  is  perfectly  elastic,  the  bob  of 

v 2 

the  pendulum  will  rise  to  a  height  of  — . 

2  g 

(d)  If  the  collision  is  perfectly  elastic,  the  kinetic 
energy  of  the  system  immediately  after  the 
collision  is  equal  to  that  before  collision. 

7.  A  body  of  mass  1  kg,  initially  at  rest  explodes  into 
three  fragments  of  masses  in  the  ratio  of  1  :  1  :  3. 
The  two  pieces  of  equal  masses  fly  off  perpendicu¬ 
lar  to  each  other  with  a  speed  of  30  ms1,  one  along 
the  +  x  direction  and  the  other  along  the  +  y  direc¬ 
tion.  Then 

(a)  the  speed  of  the  heavier  fragment  will  be 
10  \fl  ms"1. 

(b)  the  speed  of  the  heavier  fragment  will  be 
15  y/l  ms"1. 

(c)  the  direction  of  motion  of  the  heavier  frag¬ 
ment  will  be  at  angle  of  135°  with  the  +  y 
direction 

(d)  the  direction  of  motion  of  the  heavier  frag¬ 
ment  will  be  at  an  angle  of  45°  with  the 
+  x  direction. 

8.  Two  bodies  A  and  B  of  masses  m  and  2m  respec¬ 
tively  are  placed  on  a  smooth  floor.  They  are  con¬ 
nected  by  a  spring  of  spring  constant  k.  Athird  body 
C  of  mass  m  moves  with  a  velocity  v{)  along  the  line 
joining  A  and  B  and  collides  elastically  with  A  as 
shown  in  Fig.  7.22.  At  a  certain  instant  of  time  t0 
after  the  collision,  it  is  found  that  A  and  B  have  the 
same  velocity  v  and  at  this  instant,  the  compression 
of  the  spring  is  x0.  Then 


(a)  v  = 
(c)  k  = 


2 

2 

3 


mv  0 

Y 

x0 


(b)  v 
(d)  k 


3 

3  mv 


2 

0 


c 

A 

m 

— >~V0 

m 

2m 

///////////////////////////////////////////// 


Fig.  7.22 

9.  A  block  of  mass  M  attached  to  a  light  spring  of  force 
constant  k  rests  on  a  horizontal  frictionless  surface 
as  shown  in  Fig.  7.23.  A  bullet  of  mass  m  moving 
with  a  horizontal  velocity  v  strikes  the  block  and 
gets  embedded  in  it.  The  velocity  of  the  block  with 
the  bullet  in  it  just  after  impact  is  V.  If  the  impact 
compresses  the  spring  by  an  amount  x,  then 
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(a)  v  =  [k(M+  m)]m  — 
m 


(b)  v 


'  2 k  t/2  ^ 
M  +  m  J 


(c) 

(d) 


V  =  [2k  (M  +  m)] 1/2  — 


Fig.  7.23 


10.  A  body  P  of  mass  1  kg  moving  with  a  velocity  of 
3  ms-1  along  the  +  x  direction  collides  head-on  with 
a  body  Q  of  mass  2  kg  at  rest.  The  collision  is  elas¬ 
tic.  After  the  collision 

(a)  P  moves  along  the  +x  direction  with  a  veloc¬ 
ity  of  1  ms-1. 

(b)  P  moves  along  the  —x  direction  with  a  veloc¬ 
ity  of  1  ms-1. 

(c)  Q  moves  along  the  +x  direction  with  a  veloc¬ 
ity  of  2  ms-1. 

(d)  Q  moves  along  the  —x  direction  with  a  veloc¬ 
ity  of  2  ms-1. 

11.  A  block  of  mass  Mwith  a  massless  spring  of  force 
constant  k  is  resting  on  a  horizontal  frictionless 
surface  (Fig.  7.24).  A  block  of  mass  m  projected 
horizontally  with  a  speed  u  collides  and  sticks  to 
the  spring  at  the  point  of  maximum  compression 
of  the  spring. 


M 


77777777777777777777777777777777777777 


Fig.  7.24 

If  v  is  the  velocity  of  the  system  after  mass  m  sticks 
to  the  spring  and  n  is  the  fraction  of  the  initial  ki¬ 
netic  energy  of  mass  m  that  is  stored  in  the  spring, 


then 

V 

(a)  -  = 
u 

M 

(b) 

( M  +  777) 

(c)  77  = 

M 

(d) 

( M  +  m) 

v 

u 


m 


( M  +  777) 


777 


( M  +  m) 


12.  A  small  ball  A  slides  down  the  quadrant  of  a  circle 
as  shown  in  Fig.  7.25  and  hits  the  ball  B  of  equal 
mass  which  is  initially  at  rest. 


A  10  cm 


The  track  is  frictionless  and  the  collision  is  elastic. 
If  vA  and  vB  are  the  velocities  of  A  and  B  after  the 
collision,  then 

(a)  vA  =  0,  vB  =  1.4  ms"1 

(b)  vA  =  1  ms"1,  vB  =  1  ms"1 

(c)  vA  =  -  1.4  ms"1,  vB  =  1.4  ms"1 

(d)  vA  =  -  1  ms"1,  vB  =  1  ms"1 

13.  Two  blocks,  each  of  mass  m,  moving  in  opposite 
directions  with  the  same  speed  u,  on  a  horizontal 
frictionless  surface,  collide  with  each  other,  stick 
together  and  come  to  rest.  Then 

(a)  work  done  by  external  force  on  the  system 
is  zero. 

(b)  work  done  by  the  external  force  on  the 

system  is  mu2. 

(c)  work  done  by  the  internal  force  on  the 

system  is  zero. 

(d)  work  done  by  the  internal  force  on  the 

system  is  —  mu2. 

14.  A  ball  P  of  mass  777  j  moving  with  velocity  u  collides 
head-on  with  a  stationary  ball  Q  of  mass  m2.  The 
collision  is  perfectly  elastic.  After  the  collision 

(a)  if  mx  =  2  m2,  balls  P  and  Q  move  in  the  same 
direction  with  speeds  in  the  ratio  of  1  :  4. 

(b)  if  mx  =  3  777 2 ,  balls  P  and  0  move  in  the  same 
direction  with  speeds  in  the  ratio  of  1  :  3. 

(c)  if  777 2  =  2  777 j,  balls  P  and  Q  move  in  opposite 
directions  with  speeds  in  the  ratio  of  1  :  2. 

(d)  if  777 2  =  3  777  j ,  balls  P  and  Q  move  in  opposite 
directions  with  equal  speeds. 

15.  A  ball  P  of  mass  777  [  moving  with  a  velocity  u 
collides  obliquely  with  a  stationary  ball  Q  of  mass 
777 2.  The  collision  is  perfectly  elastic.  After  the  col¬ 
lision,  they  fly  off  making  the  same  angle  with  the 
original  direction  of  ball  P  as  shown  in  Fig.  7.26. 


Fig.  7.26 
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(a)  if  tn  |  =  m2,  balls  P  and  0  fly  off  at  right 
angles  to  each  other  with  the  same  speed. 

(b)  if  777  j  =  77?2,  balls  P  and  Q  fly  off  at  an  angle  of 
60°  with  each  other  with  the  same  speed. 

(c)  if  77?  j  =  2  777 2 ,  balls  P  and  Q  fly  off  at  right 
angles  to  each  other  with  speeds  in  the  ratio 
of  1  :  2. 

(d)  if  777  j  =  2  777 2,  balls  P  and  Q  fly  off  at  an 
angle  of  60°  with  each  other  with  speeds  in 
the  ratio  of  1  :  2. 

16.  Which  of  the  following  statements  is/are  incorrect 
in  the  case  of  an  elastic  collision  between  two  bod¬ 
ies? 

(a)  If  two  balls  of  the  same  mass  moving  with 
the  same  speed  in  opposite  directions,  collide 
head-on,  then  after  the  collision  they  move 
in  opposite  direction  with  the  speed  each  ball 
had  before  collision. 

(b)  If  a  body  suffers  a  head-on  collision  with  an¬ 
other  body  of  the  same  mass  but  at  rest,  then 
after  the  collision,  the  first  body  is  stopped 
dead  and  the  second  body  moves  with  the 
velocity  of  the  first. 

(c)  The  coefficient  of  restitution  e  =  1  for  a 
perfectly  elastic  collision. 

(d)  If  a  body  P  collides  head-on  with  a  body  Q  of 
the  same  mass  but  at  rest,  then  the  percentage 
fraction  of  kinetic  energy  transferred  from  P 
to  Q  is  50%. 

17.  Which  of  the  following  statements  is/are  true  in  the 
case  of  an  inelastic  collision  between  two  bodies? 

(a)  The  vector  sum  of  the  linear  momenta  of  the 
two  bodies  before  collision  is  equal  to  the 
vector  sum  of  the  linear  momenta  after  the 
collision  in  the  case  of  both  one-dimensional 
and  two-dimensional  collisions. 

(b)  The  total  energy  of  the  system  is  con¬ 
served. 

(c)  The  two  bodies  stick  together  after  inelastic 
collision. 

(d)  If  a  body  collides  with  another  body  of  the 
same  mass  but  at  rest  and  two  bodies  stick 
together,  the  ratio  of  the  total  kinetic  energy 
before  and  after  collision  is  2:1. 

18.  A  body  P  of  mass  1  kg  moving  a  velocity  of 
15  ms1  collides  head-on  with  a  stationary  body  Q 
of  the  same  mass.  If  the  coefficient  of  restitution  is 
1/3,  then 

(a)  velocity  of  P  after  collision  will  be  5  ms-1. 

(b)  velocity  of  Q  after  collision  will  be  10  ms-1. 

(c)  the  loss  of  kinetic  energy  of  the  system  is  50  J. 

(d)  the  percentage  fractional  decrease  in  the 
kinetic  energy  of  body  P  is  50%. 


19.  A  body  P  of  mass  ml  moving  with  a  velocity 

A  A 

Mj  =  (a  i  +  b  j )  collides  with  a  stationary  body  Q 
of  777 2.  After  the  collision  body  P  is  found  to  move 

A  A 

with  velocity  Z7j  =  (c  i  +  d  j )  where  a,  b,  c  and  d 
are  constants.  Then 

A 

(a)  Impulse  received  by  P  is  nix[(a  -  c)  i  + 

(b-d)h 

A 

(b)  Impulse  received  by  P  is  mx[{c  -  a)  i  + 
id-b)  j] 

A 

(c)  Impulse  imparted  to  Q  is  mx[(a  -  c)  i  + 
(b~d)  j] 

A 

(d)  Impulse  imparted  to  Q  is  ni2[(a  -  c)  i  + 

{b-d)h 


20.  A  billiards  ball  C  of  mass  m  moving  with  velocity  u 
collides  two  identical  balls  A  and  B  in  contact  and  at 
rest.  After  the  collision,  ball  C  is  stopped  dead  and 
balls  A  and  B  move  along  directions  shown  in  Fig. 
7.27  with  the  same  speed  v.  Then 

n 

m 

°  ( 

(Before  collision) 

(After  collision) 


(a)  v 


u 

V3 


Fig.  7.27 


(b)  v 


u 

V2 


(c)  Loss  of  kinetic  energy 


(d)  Loss  of  kinetic  energy 


1 

—  mu 


2 


3 

1  2 

—  77777 
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21.  AU-238  nucleus  emits  an  alpla  particle  and  changes 
into  Th-234.  In  this  process 

(a)  the  momentum  of  Th-234  is  equal  and  oppo¬ 
site  to  that  of  the  alpha  particle. 

(b)  the  magnitude  of  the  momentum  of  Th-234 
is  greater  than  that  of  the  alpha  particle. 

(c)  the  kinetic  energy  of  the  alpha  particle  is 
equal  to  that  of  Th-234. 

(d)  the  kinetic  energy  of  the  alpha  particle  is 
greater  than  that  of  Th-234. 
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22.  A  ball  hits  the  floor  and  rebounds  after  an  inelastic 
collision.  In  this  case 

(a)  the  momentum  of  the  ball  just  after  the  colli¬ 
sion  is  the  same  as  that  just  before  collision, 

(b)  the  mechanicial  energy  of  the  ball  remains 
the  same  in  the  collision. 

(c)  the  total  momentum  of  the  ball  and  the  earth 
is  conserved. 

(d)  the  total  energy  of  the  ball  and  the  earth  is 
conserved. 

<  IIT,  1986 

A 

23.  Two  balls  having  linear  momenta  px-  pi  and 

A 

p2  =  -  pi  undergo  a  collision  in  free  space.  There 

SOLUTIONS 

1.  The  correct  choices  are  (b)  and  (c). 

2.  Choice  (a)  is  false.  In  an  elastic  collision  of  two 
bodies,  the  speeds  of  the  bodies  change  due  to  colli¬ 
sion.  Therefore,  the  momentum  and  energy  of  each 
body  will  change  but  the  total  momentum  and  total 
energy  of  the  system  of  two  bodies  are  conserved. 
Choice  (b)  is  also  false.  The  total  energy  of  an  iso¬ 
lated  system  is  conserved.  If  external  forces  act  on 
the  system,  the  total  momentum  and  energy  will 
change.  Choice  (c)  is  true.  For  a  non-conservative 
force  such  as  friction,  the  work  done  over  a  closed 
loop  is  not  zero.  Choice  (d)  is  also  true.  In  an  inelas¬ 
tic  collision,  the  two  bodies  stick  together  after  col¬ 
liding.  This  results  in  heat  or  sound  energy  which  is 
dissipated  at  the  expense  of  kinetic  energy.  Hence 
choices  (c)  and  (d)  are  correct. 

3.  The  system  consists  of  the  molecule  and  the  wall. 
Let  us  assume  that  initially  the  wall  is  stationary  so 
that  its  momentum  and  kinetic  energy  are  both  zero 
before  the  collision.  Therefore,  the  total  momentum 
of  the  wall  +  molecule  system  before  the  collision  is 
P  =  0  +  mv,  where  m  is  the  mass  of  the  molecule. 
After  the  collision  the  wall  acquires  a  recoil  veloc¬ 
ity,  say,  V  and  a  recoil  momentum  MV  where  Mis 
the  mass  of  the  wall.  After  the  collision,  the  recoil 
momentum  of  the  wall  +  momentum  of  the  outgoing 
molecule  =  momentum  of  the  incoming  molecule 
so  that  the  total  momentum  of  the  system  is  con¬ 
served.  Notice  that  the  momenta  of  outgoing  and 
incoming  molecules  are  not  the  same,  their  direc¬ 
tions  are  different. 

Since  the  wall  is  infinitely  massive,  the  recoil  mo¬ 
mentum  produces  a  negligible  velocity  so  that  the 
kinetic  energy  of  the  wall  is  negligible  after  the 
collision.  Since  the  speed  v  of  the  molecule  is  the 
same  before  and  after  collision,  its  kinetic  energy 


is  no  external  force  acting  on  the  balls.  If  Pi  and 
P ' i  are  their  final  momenta,  which  of  the  following 

option  (s)  is/ are  not  allowed  for  any  non-zero  value 

of  p,  ax,  a2,  bx,  b2,  cx  and  c2 


AAA  A  A 


(a) 

Pi 

=  ax  i  +  bx  j  +  cx  k;  p2 

=  a2i+b2] 

A  A 

(b) 

p'i 

=  qk ;p\  =c2  k; 

AAA 

AAA 

(c) 

P'i 

=  a,  i  +  bx  j  +  q  k;  p\ 

=  a2  i  +  b2  i  -  Ci  k 

A  A 

A  A 

(d) 

Pi 

=  a,  i  +  bx  j ;  p’2  =a2 

i  +  bx  i 

<  IIT,  2008 


remains  unchanged.  Hence  the  total  kinetic  energy 
is  also  conserved.  Therefore,  the  collision  is  elastic. 
Remember,  in  an  inelastic  collision,  although  the  to¬ 
tal  momentum  is  conserved,  the  total  kinetic  energy 
is  not  conserved,  it  decreases.  Hence  the  correct 
choices  are  (a)  and  (c). 

4.  From  the  principle  of  conservation  of  momentum, 
we  have  total  final  momentum  =  total  initial  mo¬ 
mentum. 

Momentum  conservation  is  possible  in  cases  (c) 
and  (d).  In  case  (c),  the  two  masses  should  move 
in  mutually  perpendicular  directions  with  velocity 
vl  yfl  each  inclined  at  45°  with  the  original  direc¬ 
tion  of  motion  of  particle  A.  In  case  (d),  particle  B 
must  move  with  velocity  v  in  the  original  direction 
of  motion  of  A.  Hence  the  correct  choices  are  (c) 
and  (d). 

5.  The  general  form  of  Newton’s  second  law  is 


F 


ext 


dp 

dt 


d  d\  d  m 

—  (my)  =  m -  +  v - 

dt  dt  dt 


The  fonn  Fext 


m a  is  valid  only  if 


dm 

dt 


0,  i.e. 


if  mass  does  not  change  with  time.  Hence  choice 


(a)  is  incorrect.  Choice  (b)  is  correct  because  a 
body  at  rest  may  have  potential  energy  and  yet 
no  momentum.  Choice  (c)  is  also  correct.  A  body 
has  momentum  if  it  has  mass  and  velocity  and  a 
body  having  a  mass  and  velocity  must  have  kinetic 
energy.  Choice  (d)  is  incorrect  because  the  relative 
velocity  remains  unchanged  in  magnitude  and  gets 
reversed  in  direction;  (v2  -  vx)  =  -  ( u2  -  ux).  Hence 
the  correct  choices  are  (b)  and  (c). 
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6.  In  the  inelastic  collision,  two  bodies  stick  together. 
After  the  collision,  the  speed  of  the  ball  and  the  bob 
(sticking  together)  is  v'  =  v!2.  The  height  to  which 
they  will  rise  is  given  by 

v'  = 


or 


2g 


Mass  of  the  ball  and  the  bob  sticking  together  is 

1  2  1 

m'  =  2  nr.  KE  after  collision  =  —  m'v'  =  —  x  2  m  X 

2  2 


(V  \  1  2  .  1  2 

—  =  —  mv  .  KE  before  collision  =  —  mV. 

2/4  2 

Therefore,  their  ratio  is  1:2.  In  an  elastic  collision 
between  two  bodies  of  the  same  mass  with  one  of 
them  initially  at  rest,  the  moving  body  is  brought  to 
rest  and  the  other  moves  in  the  same  direction  with 
the  same  speed.  Thus  the  ball  will  come  to  rest  and 
the  bob  of  the  pendulum  acquires  a  speed  v.  At  this 
speed,  it  will  rise  to  height  h  given  by  h  =  v2!2  g. 
Thus  all  four  choices  are  correct. 

7.  Let  777 [ ,  777 2  and  777,  be  the  masses  of  the  three  frag¬ 
ments.  As  the  total  mass  is  1  kg  and  777  j  :  m2  :  m2  = 
1 : 1 :  3,  we  have  mx  =  m2  =  0.2  kg  and  m2  =  0.6  kg. 
The  linear  momentum  of  mx  is 

px  =  777 j  vx  =  0.2  x  30  =  6  kg  ms-1 
and  let  it  be  directed  along  the  x-axis  (Fig.  7.28). 


The  linear  momentum  of  m2  is 

p2  =  777 2  p2  =  0.2  x  30  =  6  kg  ms~' 

and  let  it  be  directed  along  the  _y-axis.  The  magni¬ 
tude  of  the  resultant  momentum  is 

P=(p2i+P\)m=  [(6)2  +  (6)2]1/2 

=  6^2  kg  ms-1 

The  direction  of  the  resultant  momentum  is  given 
by 


tan  Q=  —  =  1 
Pi 


or  0=45°  with  the  x  or y  axes.  From  the  principle  of 
conservation  of  linear  momentum,  the  magnitude 
of  the  momentum  of  the  third  fragment  is  (here  v2 
is  the  speed  of  the  heavier  fragment) 

/?3  =  7?73  Z73  =  6^2 


But  777 3  =  0.6  kg.  Therefore, 


^3= 


^T  =  1(k/2  =  14.1  ms  1 

0.6 


The  direction  of  the  velocity  of  the  heavier  frag¬ 
ment  is  inclined  with  x  or  y  axes  at  an  angle  of 
135°  (see  Fig.  7.28).  The  correct  choices  are  (a) 
and  (c). 

8.  Initially  (i.e.  before  collision)  bodies  A  and  B  are  at 
rest  and  C  is  moving  to  the  right  (towards  A)  with  a 
velocity  v0.  At  a  certain  instant,  say  t  =  0,  C  collides 
with  A.  Since  the  collision  is  elastic  and  A  and  C 
have  equal  masses,  the  entire  momentum  (mv0)  and 


kinetic  energy 


of  C  are  transferred  to  A 


and  hence  C  comes  to  rest.  Thus  at  t  =  0,  A  moves 
to  the  right  with  a  velocity  v(j  and  at  this  instant  the 
spring  is  uncompressed  and  B  is  at  rest.  Hence  the 
momentum  of  the  system  at  1  =  0  is  (mv0).  When  A 
moves  to  the  right,  it  compresses  the  spring  and  as  a 
result  body  B  begins  to  move  to  the  right.  It  is  given 
that  at  time  t  =  t0,  the  compression  of  the  spring  is 
jc0.  Let  v  be  the  common  velocity  of  A  and  B  at  this 
instant.  From  the  principle  of  conservation  of  linear 
momentum,  we  have  momentum  of  C  before  colli¬ 
sion  =  momentum  of  A  after  collision  +  momentum 
of  B  after  collision 


Vr. 

or  777 17 o  =  mv  +  (2777)17  or  v  =  —  (1) 

From  the  principle  of  conservation  of  energy,  we 
have 


KE  of  C  before  collision  =(KE  of  A  +  KE  of  B ) 
after  collision  +  PE  in  stored  spring 


or  —  7?7Z7  a  =  —  mv2  +  —  (2m)v2  +  —  kx2n 
2  0  2  2  2  0 

where  k  is  the  spring  constant.  Thus 

mv  0  =  3  77717 2  +  kx  0 

Using  (1)  in  (2),  we  get 


(2) 


777Z7  q 


3777  X 


+  kx  q 


or 


277717a  a  ,  2  mVn 

- -  =  kx*  or  k  = - A- 


Thus  the  correct  choices  are  (b)  and  (c). 
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1  9 

9.  PE  stored  in  the  spring  =  —  kx". 
mv  =  (M  +  m)  V 
mv 

or  V  = 


(1) 


(M  +  in) 

After  collision,  KE  of  block  +  bullet  in  it  =  PE  of 
the  spring.  Thus 

1  ,  1  , 

—  (M  +  m)  V"  =  —  lex" 


which  gives  V- 

\  (M  +  m) 
Using  Eq.  (2)  in  (1),  we  have 
(M  +  m)  V 


(2) 


v  = 


m 


(M  +  m) 


\l/2 


m 


\M  +  m 


=  [k{M+  m)\ 1/2  — 
m 

Thus  the  correct  choices  are  (a)  and  (d). 

10.  From  conservation  of  momentum,  we  have 
/«!«!  +  m2u  =  mlvl  +  m2v2 
= >  1  x  ux  +  0  =  1  x  +  2  x  v2 

=>  v2  =  \  («i  ^  vi) 

From  conservation  of  kinetic  energy,  we  have 


1  2,1  2  1  2  ,  1  2 
—  mxux  +  —  m2u2  =  —  mlv1  +  —  m2v2 

2  2  i  2 

n  j  “t- 


(1) 


2  2 

ttj  = 


2y- 


(2) 


Solving  Eqs.  (1)  and  (2)  we  get  vx  =  -  1  ms-1  and 
v2  =  +  2  ms-1. 

Flence  the  correct  choices  are  (b)  and  (c). 

11.  For  conservation  of  momentum  and  conservation 
of  total  energy,  we  have 

mu  =  ( M  +  m)  v 


Also  ^  mu' 2  =  ^  ( M  +  m)v2  +  ^  kx2 

1  9 

Dividing  Eq.  (2)  by  —  mu",  we  get 

2  -kx2 

1  =  (- M  +  m)v 2  |  2 


(1) 

(2) 


m  u 


1 


-  777  U 


or 


J_  ,  2 

2  _  ( M  +  m)v 2 


1  2 

—  777  U 
2 


(3) 


777  U 


777 


From  Eq.  (1),  we  have  —  =  ■ 

u  (M  +  m) 

Using  this  in  Eq.  (3),  we  get 


—kx2 

,7=  2 


M 


1 


-  777  U 


(M  +  m) 


Thus  the  correct  choices  are  (b)  and  (c). 

12.  If  uA  is  the  velocity  with  which  A  strikes  B,  then 


=  ^2 gh  =  V2x9. 8x0.1  =  1.4 


ms 


Since  the  masses  of  the  balls  are  equal  and  the 
collision  is  elastic,  they  exchange  their  velocities 
after  collision.  Hence  the  only  correct  choice  is  (a). 

13.  Total  initial  momentum  before  collision  =  mu  + 
(-  mu)  =  0.  Total  final  momentum  after  collision  = 
0,  as  the  blocks  come  to  rest.  Since  the  change  in 
momentum  is  zero,  no  external  force  acts  on  the 
system.  Hence  no  work  is  done  by  the  external 
force  on  the  system.  From  work-energy  principle, 
the  work  done  by  the  internal  force  =  final  K.E  - 

/ 1  2  1  2  \  2 
initial  K.E  =  0  -  —77777  +  —mu  =  -  mu  .  Hence 
\2  2  / 

the  correct  choices  are  (a)  and  (d). 

14.  Let  vx  and  v2  be  the  velocities  of  balls  P  and  Q 
respectively  after  the  collision.  Then  we  have 

777  x  77  =  777  [17^  +  m2v2  (1) 

1  1  9  1  2  1  2 

and  —  777  )  771  =  —  W)Z7)  +  —m2v2 

=>  777  )  77)  =  777  )  77")  +  m^  2  (2) 

(a)  Putting  777)  =  2 777 2  in  Eqs.  (1)  and  (2)  and 

U  4  24 

solving  them,  we  get  77)  =  —  and  772  =  — . 
Thus  77)  =  772/4. 

(b)  For  777)  =  3???2,  we  get  77j  =  —  and  v2  =  —  . 
Thus  77)  =  772/3. 

/XT-  /T  77  ,  277 

(c)  For  m2  =  2  mx,  we  get  77)  =  -  —  and  77,  =  — 
giving  77)  =  -  772/3 

(d)  For  777 2  =  3  777),  we  get  77,  =  —  and  v2=  ~ 
giving  77)  =  -  772 

Hence  all  the  four  choices  are  correct. 
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15.  From  conservation  of  x  and  y  components  of 
momentum  we  have 

m  |  u  =  mxvx  cos  0  +  m2v 2  cos  0 

and  0  =  mxvx  sin  0  -  m2v2  sin  6 

which  give  mxu  =  (mxvx  +  m2v 2)  cos  6  (1) 

and  m\v\  =  m2v2  (2) 

From  conservation  of  kinetic  energy,  we  have 

1  7  1  7  1 


2  1  2  1  2 
—  m,u  =  —m ,  v,  +  —  m2v2 
2  2  2 

2  2  2 
>  mx  u  =  m  |  vx  +  m2  v2 


(3) 


If  777 j  =  777 2 5  then  from  Eqs.  (1)  and  (2),  we  get 
vx  =  v2  and  u  =  2vx  cos  0 

2  1 

Using  these  in  Eq.  (3),  we  get  cos  0  =  — 

=>  0  =  45°. 

Hence  choice  (a)  is  correct  and  choice  (b)  is 
wrong. 

Similarly  putting  mx  =  2  m2  in  Eqs.  (1),  (2)  and 
(3),  we  get 


Vi  =  —  and  cos  6  =  — 


V3 


0=  30° 


2  2 
Hence  choice  (d)  is  correct  and  choice  (c)  is 
wrong. 

16.  The  only  incorrect  statement  is  (d).  Refer  to  the 
solution  of  Q.34  of  Section  I. 


A K 


4mxm2  _  4m  x  m 


=  1  or  100  % 


K  (wi  +  m2)2  ( m  +  m )2 

17.  The  only  incorrect  statement  is  (c).  Statements  (a), 
(b)  and  (d)  are  true. 

18.  Given  m  =  1  kg,  u  =  1 5  ms-1  and  e  =  1/3.  Let  vx  and 
v2  be  the  velocities  of  P  and  Q  after  the  collision. 


mu  +  0  =  m  vx  +  m  v2 
>  u  =  vx  +  v2 


v 7  -V, 


e  = 


(1) 

(2) 


From  Eqs.  (1)  and  (2),  we  get 


7  15  L  H  c  -i 

vx  =  —  (1  -  e)  =  —  x  1  —  =  5  ms 

1  2  2  {  3J 


15 


1 


and  v2=  — (1  +  e)  =  —  x  1  +  -  =  10  ms 


1  2 

Total  K.E.  before  collision  =  —  mu 

2 


=  -  x  1  x  (15)2  =  112.5  J 
2 

1  7  1  7 

Total  K.E.  after  collision  =  —  m  v,  +  —  mv2 

2  2 

=  -  x  1  x  (52+  102)  =  62.5  J 
2 

.-.Loss  in  K.E.  =  112.5  -  62.5  =  50  J. 
Percentage  fractional  decrease  in  K.E.  of  P  is 


1  2^2 

*  —  mu  —  v, 

AK  =  2  2 

K 


1  2 

—  mu 
2 


x  100 


2  2 
U  -V, 


xlOO 


(15)2  -  (5)2 
(15)2 


xlOO  =  89% 


Hence  the  correct  choices  are  (a),  (b)  and  (c). 

19.  Impulse  =  final  momentum  -  initial  momentum.  If 
v2  is  the  velocity  of  ball  Q  after  the  collision,  then 
from  the  conservation  of  momentum,  we  have 

mxii  +  0  =  mx  vx  +  m~,  v2 

=>  m2  v2  =  mx(u  -  vx) 

A  A  A  A 

=  mx[(ai  +  b  j  )  -  (c  i  +  dj  )] 

A  A 

=  mx[(a  —  c)  i  +  (b  -  d)  j  \ 

Impulse  received  by  P  is 

IP  =  mx  vx  -  mx  u 
=  mx(v j  -  «) 

A  A 

=  mx[{c  -  a)  i  +  (d  -  b)  j  ] 

Impulse  imparted  to  Q  is 
Iq  =  m2  v2  -  0 

A  A 

=  mx[(a  -  c)  i  +  (b  —  d)  j  ] 

Hence  the  correct  choices  are  (b)  and  (c). 

20.  Conservation  of  x-component  of  momentum  gives 

mu  =  mv  cos  30°  +  mv  cos  30° 

-\/3  nr 

=  2  mv  X  —  =  V3  mv 
2 
u 

v  =  —j= .  Hence  choice  (c)  is  wrong. 
V  3 

1  2 

K.E.  before  collision  =  —  mu 
2 
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K.E.  after  collision  =  —  mv2  +  —  mv2  =  mv2 
2  2 


2 

mu 

~T~ 


mTli 

Since  mTU  >  ma ;  Ka>  Klh. 
es  are  (a)  and  (d). 


m 


TH 


m 


TH 


a  J 


Hence  the  correct  choic- 


Loss  of  K.E.  =  —  mu 2  -  —  mu2  =  —  mu 2 . 

2  3  6 

Hence  the  correct  choices  are  (a)  and  (d). 

21.  Initially  U-238  is  at  rest  and  has  zero  momentum. 
When  it  emits  an  a-particle,  the  sum  of  the  momenta 
of  a-particle  and  Th-234  nucleus  must  be  zero,  i.e. 

U  (y  TYl'T'U 

ma  va+  mThvJh  =  0  =>  -  = - 

uTh  ma 

1  2  1  2 

Now  KTh  =  -  mTh  ztXh  and  Ka=  -  ma  v 

Hence  x  f-^-1 

Kth  mTli  ^  WTH  J 


22.  In  a  collision,  the  momentum  of  indivdual  bodies 
is  not  conserved.  In  an  inelastic  collision,  there  is 
a  loss  of  kinetic  energy.  Hence  choices  (a)  and  (b) 
are  incorrect.  The  correct  choices  are  (c)  and  (d). 

23.  Since  no  external  force  acts,  the  total  final  initial 

A  A 

momentum  is  pi=pl+p2=pi-pi  =0.  There¬ 
fore,  the  total  final  momentum  must  be  zero.  This 
condition  can  be  satisfied  in  choice  (a)  if  c1  =  0 
and  in  choice  (b)  and  (c)  for  non-zero  values  of  the 

A  A 

coefficients  of  i  and  j  .  Hence  the  choices  (a)  and 
(d)  are  not  allowed. 


# 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

Collisions: 

In  physics  we  come  across  many  examples  of  collisions. 
The  molecules  of  a  gas  collide  with  one  another  and  with 
the  walls  of  the  container.  The  collision  of  a  neutron  with 
an  atom  is  well  known.  In  a  nuclear  reactor  fast  neutrons 
produced  in  the  fission  of  uranium  atom  have  to  be  slowed 
down.  They  are,  therefore,  made  to  collide  with  hydrogen 
atoms.  The  term  collision  does  not  necessarily  mean  that 
a  particle  or  a  body  must  actually  strike  another.  In  fact, 
two  particles  may  not  even  touch  each  other  and  yet  they 
are  said  to  collide  if  one  particle  influences  the  motion  of 
the  other.  When  two  bodies  collide,  each  body  exerts  an 
equal  and  opposite  force  on  the  other.  The  fundamental 
conservation  laws  of  physics  are  used  to  determine  the 
velocities  of  the  bodies  after  the  collision.  Collision  may 
be  elastic  or  inelastic.  Thus  a  collision  may  be  defined 
as  an  event  in  which  two  or  more  bodies  exert  relatively 
strong  forces  on  each  other for  a  relatively  short  time.  The 
forces  that  the  bodies  exert  on  each  other  are  internal  to 
the  system. 

Almost  all  the  knowledge  about  the  sub-atomic  particles 
such  as  electrons,  protons,  neutrons,  muons,  quarks,  etc.  is 


obtained  from  the  experiments  involving  collisions. 

There  are  certain  collisions  called  nuclear  reactions 
in  which  new  particles  are  formed.  For  example,  when  a 
slow  neutron  collides  with  a  uranium-235  nucleus,  new 
nuclei  baruim-141  and  krypton-92  are  formed.  This  colli¬ 
sion  is  called  nuclear  fission.  In  nuclear  fusion,  two  nuclei 
deuterium  and  trituim  collide  (or  fuse)  to  form  a  helium 
nucleus  with  the  emission  of  a  neutron. 

1.  Which  one  of  the  following  collisions  is  NOT  elas¬ 
tic? 

(a)  A  hard  steel  ball  dropped  on  a  hard  concrete 
floor  and  rebounding  to  its  original  height. 

(b)  Two  balls  moving  in  the  same  direction  col¬ 
lide  and  stick  to  each  other. 

(c)  Collisions  between  molecules  of  an  ideal  gas 

(d)  Collisions  of  fast  neutrons  with  hydrogen 
atoms  in  a  fission  reactor. 

2.  Which  one  of  the  following  statements  is  true  about 

inelastic  collisions? 

(a)  The  total  kinetic  energy  of  the  particles  after 
collision  is  equal  to  that  before  collision. 

(b)  The  total  kinetic  energy  of  the  particles  after 
collision  is  less  than  that  before  collision. 

(c)  The  total  momentum  of  the  particles  after 
collision  is  less  than  that  before  collision. 
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(d)  Kinetic  energy  and  momentum  are  both  con¬ 
served  in  the  collision. 

3.  In  elastic  collisions 

(a)  only  energy  is  conserved 

ANSWERS 


(b)  only  momentum  is  conserved 

(c)  neither  energy  nor  momentum  is  conserved 

(d)  both  energy  and  momentum  are  conserved. 


1.  The  correct  choice  is  (b) 

3.  The  correct  choice  is  (d) 

2.  The  correct  choice  is  (b) 

Questions  4  and  5  are  based  on  the  following  passage 
Passage  II 

Two  balls  marked  1  and  2  of  the  same  mass  m  and  a  third 
ball  marked  3  of  mass  M  are  arranged  over  a  smooth 
horizontal  surface  as  shown  in  Fig.  7.29.  Ball  1  moves 
with  a  velocity  v3  towards  balls  2  and  3.  All  collisions  are 
assumed  to  be  elastic. 


•  •  • 


////. 


SOLUTION 


77777 


Fig.  7.29 


4.  If  M<  m,  the  number  of  collision  between  the  balls 
will  be 

(a)  one  (b)  two 

(c)  three  (d)  four 

5.  If  M>  m,  the  number  of  collisions  between  the  balls 
will  be 

(a)  one  (b)  two 

(c)  three  (d)  four 


4.  The  first  collision  will  be  between  balls  1  and  2 .  Since 
both  have  the  same  mass,  after  the  collision  ball  1 
with  come  to  rest  and  ball  2  will  move  with  speed 
V\.  The  ball  will  collide  with  the  stationary  ball  3. 
After  this  second  collision,  let  v2  and  v3  be  the  speeds 
of  balls  2  and  3  respectively.  Since  the  collision  are 
elastic,  v2  and  v3  are  given  by  (see  page  7.2) 
fm  —  M\ 

(0 


and 


Vx  = 


Vx  = 


m  +  M 
2  m 


' l 


V, 


(ii) 


V777  +  M  J 

If  M  <  m,  it  follows  from  (i)  and  (ii)  that  v2  <  v3 
and  both  have  the  same  direction.  Therefore,  ball 


IP, 


2  cannot  collide  with  ball  3  again.  Hence  there  are 
only  two  collisions.  Thus  the  correct  choice  is  (b). 
5.  If  A7>  777,  we  have  from  Eq.  (i) 

(M  —  777 

v2  =  -  - 

\M  +  777  , 

The  negative  sign  indicates  that,  after  the  second 
collision,  ball  2  will  move  in  opposite  direction 
towards  the  ball  1  which  is  at  rest  after  the  first  col¬ 
lision.  Therefore,  ball  2  will  make  another  collision 
with  ball  1 . 

Hence,  in  this  case,  there  are  three  collisions  in  all 
between  the  balls.  Thus  the  correct  choice  is  (c). 


Questions  6  to  8  are  based  on  the  following  passage 
Passage-Ill 

Abody  of  mass  mx  =  m  moving  with  a  velocity  v ,  =  v  in  the 
x-direction  collides  with  another  body  of  the  same  mass 
777 2  =  777  moving  in  the  y-direction  with  the  same  speed  v2  = 
v.  They  coalesce  into  one  body  during  the  collision. 

6.  The  magnitude  of  the  momentum  of  the  composite 
body  is 

(a)  77777  (b)  ^2  mv 


(c)  277777 


(d)  2  V2  77777 


7.  The  angle  which  the  direction  of  the  momentum 
vector  of  the  composite  body  makes  with  the 
x-axis  is 

(a)  30°  (b)  45° 

(c)  less  than  30°  (d)  greater  than  45° 

8.  The  fraction  of  initial  kinetic  energy  transformed 

into  heat  during  the  collision  is 

(a)  T  (b)  7 


(c)  - 
3 


4 

(d)  - 
3 
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SOLUTION 


6.  Refer  to  Fig.  7.30.  Let  v'  be  the  velocity  of  the 
composite  body  and  let  8  be  the  angle  which  the 
velocity  vector  v'  makes  with  the  x-axis. 


yi 


7.  Diving  Eq.  (2)  by  Eq.  (1),  we  have  tan  8  =  1  =>  8  = 
45°,  which  is  choice  is  (b). 

8.  Initial  kinetic  energy  is 


Ki  =  \  miv\  + 


1  9 

=  —  mv  + 

2 

From  Eq.  (3),  we  have 
energy  is 


1  2 

JTl'yV  9 

2 


1  2  2 
—  mv  =  mv 

2 

v'  =  v!  .  Final  kinetic 


Kf=\  (W1  + 

1  V2  1  2 

=  —  x  2m  x  —  =  —  mv" 

2  2  2 


Fig.  7.30 

Conservation  ofx  and  y  components  of  momentum 
gives 

Wjitj  =  (ml  +  m2)v'cos  8  =»  mv  =  2mv'cos8  (1) 
m2v 2  =  (m{  +  m2)v's\n  8  =>  mv  =  2mv'sin8  (2) 
Squaring  and  adding  Eqs.  (1)  and  (2),  we  get 

2 {mv)2  =  (2mv')2  =>  2 mv'  =  v/2  mv  (3) 

Momentum  of  composite  body  is  2  mv'.  Hence  the 
correct  choice  is  (b). 


.’.  Loss  in  K.E.  =  Kt  —  Kj 

2  1  2 
=  mv  -  —  mv 
2 

1 

=  —  mv~ 

2 

Fraction  of  initial  K.E.  transformed  into  heat  is 

1  2 

A K  _  2mv  _  1 
Kj  mv2  2 
Hence  the  correct  choice  is  (a). 


Questions  9  to  11  are  based  on  the  following  passage 
Passage  IV 

A  ball  P  moving  with  a  velocity  u  strikes  an  identical 
stationary  ball  Q  such  that  after  the  collision,  the  direction 
of  motion  of  balls  P  and  Q  make  an  angle  of  30°  with  the 
original  direction  of  motion  of  ball  P,  as  shown  in  Fig. 
7.31. 


SOLUTION 


Fig.  7.31 


From  conservation  of  x  and  y  components  of 
momentum, 

mu  =  mvx  cos  30°  +  mv2  cos  30° 


9.  The  speed  vx  of  ball  P  after  the  collision  is 


u 

(a)  - 

2 


u 

(b)  - 
3 


,  ,  w 

<c)  Ti 


,,,  u 
(d)  Ti 


10.  The  speed  v2  of  ball  Q  after  the  collision  is 


,  ,  u 

<a)  Ti 

2  u 

(C)  V3 


(b)  “ 

3 

id)  — 
3 


11.  The  ratio  of  the  total  kinetic  energy  of  the  balls 
after  collision  to  that  before  collision  is 


(a)  - 
3 

(c)  - 
3 


(b) 

(d)  T 
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=>  Pi  =  P2  (2) 

u 

9.  Eqs.  (1)  and  (2)  give  vl  =  —j= ,  which  is  choice  (d). 

v  3 

14 

10.  v1  =  v,  =  .  Hence  the  correct  choice  is  (a). 

y/3 

11.  Total  kinetic  energy  before  collision  is 

IT  '  2 

A,  =  —  mu 
1  2 


and  after  collision 


^  1  2  1  2 

Kf=  —  mv  i  +  — 

y  2  2 


1 

=  —  m 
2 


U  I  If  2/ 

-  +  —  777  - 

3  J  2  v  3 


77772 


if 


~~r  =  — ,  which  is  choice  (c). 
Ki  3 


Questions  12  to  14  are  based  on  the  following  passage 
Passage  V 

A  body  P  of  mass  m  moving  with  a  velocity  u  along  the 
+  x-direction  makes  a  head-on  elastic  collision  a  body 
Q  of  mass  2  m  at  rest. 

12.  After  the  collision,  body  P  moves  along  the 

(a)  positive  x-direction  with  speed  u/3. 

(b)  negative  x-direction  with  speed  u/3. 

(c)  positive  x-direction  with  speed  2u/3. 

(d)  negative  x-direction  with  speed  2u/3. 

SOLUTION 


13.  After  the  collision,  body  Q  moves  along  the 

(a)  positive  x-direction  with  speed  u/3. 

(b)  negative  x-direction  with  speed  u/3. 

(c)  positive  x-direction  with  speed  2u/3. 

(d)  negative  x-direction  with  speed  2u/3. 

14.  What  fraction  of  its  kinetic  energy  does  body  P  lose 
after  the  collision? 


(a) 

8 

9 

(b) 

(c) 

6 

7 

(d) 

Let  V  be  the  velocity  of  body  Q  after  the  colli¬ 
sions. 

From  the  principle  of  conservation  of  linear  mo¬ 
mentum,  we  have 

mu  =  mv  +  (2m)  V 

or  u  -  v  =  2  V  (1) 

The  conservation  of  kinetic  energy  gives 

^  2  1  2  i  1  \  t/2 

—  77722  =  —  mv  +  —  (2m)  V 
2  2  2 

or  222  -  v2  =  2  V2 

or  (u  -  v)  (u  +  v)=  2  V2  (2) 

Using  Eq  ( 1)  in  Eq  (2),  we  have 

2  V(u  +  v)  =  2  V2  or  u  +  v  =  V 

or  2  (u  +  v)  =  2V  (3) 


v  '  2 

A,  =  —  777  22 
'  2 


Final  kinetic  energy,  K^=  —mv 

Loss  in  kinetic  energy  is 

1  ,  1  , 

A K  =  Kj  —  Kf  =  —  77722  -  —  mV 


.’.Fractional  loss  = 


A K 

Ki 


1  2  1  2 

—  777  22  - mV 

_  2  2 


1 


-  mu 


7  2 

22"  -  V 


=  1-|- 
,22 


12.  From  Eqs.  (1)  and  (3),  we  get  v  =-—  u/3.  Hence  the 
correct  choice  is  (b). 

13.  Using  v  =  -  u/3  in  Eq.  (1),  we  get  V=  2u/3.  Hence 
the  correct  choice  is  (c). 

14.  Initial  skinetic  energy  of  the  colliding  mass  is 


=  1  - 


which  is  choice  (c). 


Questions  15  to  17  are  based  on  the  following  passage 
Passage  VI 

A  body  A  of  mass  mt  moving  with  a  velocity  u  makes  a  head- 
on  elastic  collision  with  a  body  B  of  mass  m2  initially  at  rest. 


15.  After  the  collision,  body  B  will  move  with  the 
greatest  speed  if 

(a)  777  j  »  777 9  (b)  777  j  «  7772 

(c)  777  [  =  777 2  (d)  777 1  =  2  77?2 
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16.  After  the  collision,  body  B  will  move  with  the 
greatest  momentum  if 
(a)  ml  »  m2  (b)  ml  «  m2 

(c)  ml  =  m2  (d)  ml  =  2  mx 

SOLUTION 


17.  After  the  collision,  body  B  will  move  with  the 
greatest  kinetic  energy  if 
(a)  m  |  »  m2  (b)  m ,  «  m2 

(c)  m  |  =  m2  (d)  m2  =  2 


Since  the  collision  is  elastic,  both  linear  momentum  and 
kinetic  energy  are  conserved.  Thus 

777 j  i/j  =  ml  v1  +  m2  v2  (1) 


i  1  2  ^  2-^2 

and  —  777  j  u  j  =  —  777  jtTj  +  —m2v2 

Solving  for  vx  and  v2,  we  get 


'"i 

v,  =  1 


1  “  - 7 -  “1 

m{  +  m2 


and 


V-y  = 


2m, 


1  ““  “1 
mx  +  m2 


(2) 

(3) 

(4) 


15.  Equation  (4)  gives  the  recoil  speed  of  body  B  which 
can  rewritten  as 

2  u, 

v2  =  — — ,  - 

1  +  f^ 

1  m\ 

Now  v2  will  be  maximum  if  the  denominator  is  the 

minimum,  i.e.  if  —  «  1  or  m2 «  m , .  Thus  body 
ml 

B  will  move  with  the  greatest  speed  if  its  mass  is 
very  small  compared  to  the  mass  of  body  A.  Hence 
the  correct  choice  is  (a). 

16.  The  momentum  of  body  B  after  the  collision  is 

2m,m~,u 

Pi  =  m2  v2  = 


0"i  +mi) 

The  denominator  (ml  +  m2)  can  rewritten  as 
m  |  +  m2  =  (yjrn^)  +  (^m0 )  —  2^/wpi 


2  yjmlm2 


=  U  777, 


2yfmx 


777 o 


Pi 


2n\m2u 


+  2^m{m2 


Momentum  p2  will  be  maximum  if  the  denominator 

is  the  minimum,  i.e.  if  (sfmi  —  \Jnh  )  =  0  since  a 
perfect  square  can  never  be  negative.  Thus  for p2  to 
be  maximum  or  mt  =  m2.  Hence  body 

B  will  move  with  the  greatest  momentum  if  its  mass 
is  equal  to  the  mass  of  body  A.  Hence  the  correct 
choice  is  (c). 

17.  The  kinetic  energy  of  body  B  after  the  collision  is 

V 


K1  =  \  m2Vl  = 


1 


2mlu 


2  “  ^  777j  +  m2 

o  2  2 

2 7W[  m2u 
(w,  +m2f 

The  denominator  (ml  +  m2)2  can  be  rewritten  as 
(777  j  +  m^)~  =  (777  j  +  m2)2  —  4777  j  m2  +  4 mx  m-, 
=  {m  j  —  Wt)2  +  4  m  j  m2 


K2  = 


O  2  2 

2n\  m2u 


(777j  —  m2 )"  +  4  mxm~, 


Energy  K2  will  be  maximum  if  the  denominator 
is  the  minimum,  i.e.  if  (m,  -  m2)2  =  0  or  mx  =  m2. 
Hence  body  B  will  move  with  maximum  energy  if 
ita  mass  is  equal  to  the  mass  of  body  A.  Thus  the 
correct  choice  is  (c). 


Questions  18  to  20  are  based  on  the  following  passage 
Passage  VII 

A  body  P  of  mass  m  moving  along  the  positive  x-direction 
with  velocity  u  collides  with  a  body  Q  of  mass  M  initially 
at  rest.  After  the  collision  body  P  moves  along  the  positive 
y-di  recti  on  and  body  Q  moves  along  a  direction  making 
an  angle  0  below  the  x-axis.  The  collision  is  assumed  to 
be  elastic. 

18.  The  angle  0  is  give  by 

(a)  0  =  tan-1  [—  1  (b)  0  =  tan-1  (— 

v 777  J  \M 


(c)  9  =  tan 


M  —  m 


+  m 


(d)  @=tan 


\(M  +  m 
M  —  m 


19.  If  M=  2m,  the  speed  of  body  P  after  the  collision 


will  be 

,  .  u 

(b) 

u 

(a)  j 

V2 

u 

u 

(c)  - 
3 

(d) 

73 

20.  If  M=  2m,  the  kinetic  energy  gained  by  body  0  due 
to  collision  is 


(a)  —  mu2 

3 

(c)  —  mu 2 
2 


(b)  —  mu1 
3 

(d)  mu2 
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SOLUTION 

Refer  to  Fig.  7.32. 


I  y 


m  M 

pm — -u  m  q 

(At  rest) 
(Before  collision) 


Fig.  7.32 

Conservation  ofx  and  y  components  of  momentum 
gives 

mu  =  MV  cos  9  (1) 

0  =  mv  -  MV  sin  9 

=>  mv  =  MV  sin  9  (2) 

From  conservation  of  kinetic  energy  we  have 


-  mu2  =  -  mv 2  +  -  MV2 
2  2  2 


(3) 


18.  Using  Eqs.  (1)  and  (2)  in  Eq.  (3),  we  get 


sin  9  = 


M  —  m 
2  M 


1/2 


and  cos  9  = 


M  +  m 
2  M 


1/2 


Hence  the  correct  choice  is  (c). 

f  2.171  —  111 

19.  If  M=  2m,  then  sin  9  = 


12 


]_ 

2 


,2  X  2m 

^  9  =30° 

Dividing  Eq.  (2)  by  Eq.  (1),  we  get 


v  =  u  tan  9  =  u  tan  (30°)  = 

V3 

Hence  the  correct  choice  is  (d). 

ii 

20.  Similarly  we  get  V  =  —j=  .  Therefore,  the  increase 

V: 3 

in  K.E.  of  Q  is  -  MV2  -  0  =  -  MV2 
2  2 

1  (  U  V  1  2 

2  IV3J  3 


Hence  the  correct  choice  is  (b). 


Questions  21  to  24  are  based  on  the  following  passage 
Passage  VIII 

A  ball  of  mass  m  is  dropped  from  a  height  h  on  a  smooth 
horizontal  floor.  The  coefficient  of  restitution  is  e. 

21.  The  total  distance  covered  by  the  ball  before  it 
comes  to  rest  is 


(a)  h 


(c)  h 


1+e 

\-e 


fl+e2) 

V 1  -  e2  > 


(b)  h 


(d)  h 


1+e 

1-e 


1  +  e 


2V1/2 


22.  The  total  time  taken  by  the  ball  to  come  to  rest  is 


(a) 

V  g  vl-c 


<«  M 

V  g 


(l  +  e2) 

V 1  -  e2  J 


SOLUTION 


,  ,  \2h(l  +  e 

(°)  J— 


(4>  ^‘  +  e 


1/2 


g  \l-eJ  Mg  V 1  - eL 

23.  The  total  momentum  imparted  by  the  ball  to  the 
floor  is 


(a)  m^2hg 


(l  +  e2) 

V 1  -  e2  V 


(b)  m^2hg 


1  +  e 
1-e 


(c)  myj2hg  (d)  me  ^2 hg 

24.  The  average  force  exerted  by  the  ball  on  the  wall  is 

(a)  mg 

' 1+e 2 


(c)  mg 


\l-e2) 


(b)  mg 
(d)  zero 


1  +  e 

1-e 


21.  The  ball  will  hit  the  floor  with  a  speed  v  =  \j2gh  . 
It  will  rebounce  with  a  speed  vx=  ev  and  will  rise 
to  a  height  hx  given  by 
v\  =2  ghx 

2 


~  2  2 

Va  e  v 

which  gives  hx  =  —  =  - 

2  g  2g 


e  x2gh  2 
-  =  e  n. 

2  g 


Between  the  first  and  the  second  impact  with  the 
floor,  the  distance  covered  by  the  ball  is  2hx  =  2e2  h. 


Between  the  second  and  the  third  impact,  the  dis¬ 
tance  covered  =  2e4  h  and  so  on.  Therefore,  the  total 
distance  covered  by  the  ball  before  it  stops  is 
H  =  h  +  2e2  h  +  2e4  h  +  ... 

=  h  +  2e2  h(  1  +  e2  +  ....) 


=  h  + 


2e2  h 

JTJ) 


=  h 


(l  +  e2) 

V 1  -  e2  V 


Hence  the  correct  choice  is  (c). 
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Hence  the  correct  choice  is  (a). 

23.  Total  momentum  transferred  is 

A p  =  m[v  +  2(vl  +  v2  +  ■■■)] 

=  m[v  +  2(ev  +  e2v  +  ...)] 
=  m[v  +  2ev(l  +  e  +  ...)] 


v  +  - 


2ev 


=  mv 


1  +  e 


=  m  y[2gh 


1  +  e 


Kl-e, 

Thus  the  correct  choice  is  (b). 

„  .  .  momentum  transferred 

24.  Average  force  =  - 


time  taken 


-el  „ 


m 

Hence  the  correct  choice  is  (a). 


mg 


AP 

At 


Questions  25  to27  are  based  on  the  following  passage 
Passage  IX 


A  small  block  of  mass  M 
moves  on  a  frictionless 
surface  of  an  inclined 
plane,  as  shown  in  Fig. 
7.33.  The  angle  of  the 
incline  suddenly  change 
from  60°  to  30°  at  point 
B.  The  block  is  initially 
at  rest  at  A.  Assume  that 
collisions  between  the 
block  and  the  incline  are 
totally  inelastic  (g  =  10 
m/s2) 


A 


<  IIT,  2008 


SOLUTION 


25.  The  speed  of  the  block  at  point  B  immediately  after 
it  strikes  the  second  incline  is 

(a)  760  ms-1  (b)  745  ms-1 

(c)  730  ms-1  (d)  715  ms-1 

26.  The  speed  of  the  block  at  point  C,  immediately  be¬ 
fore  it  leaves  the  second  incline  is 

(a)  7l20  ms-1  (b)  7l 05  ms-1 

(c)  790  ms-1  (d)  775  ms-1 

27.  If  collision  between  the  block  and  the  incline  is 
completely  elastic,  then  the  vertical  (upward) 
component  of  the  velocity  of  the  block  at  point  B, 
immediately  after  it  strikes  the  second  incline  is 

(a)  730  ms-1  (b)  7f5  ms-1 

(c)  0  (d)  -715  ms-1 


25.  Let  vB  be  the  speed  of  the  block  just  before  it  strikes 
the  second  incline. 


=  mg  x  AD 


mg  x  BD  tan  60° 


vB  =  (2  x  10  x  73  tan  60°)  =  760 


ms 


This  velocity  can  be  resolved  into  two  components, 
r^cos  30°  along  the  second  incline  and  vB  sin  30° 
perpendicular  to  it  (see  Fig. 7. 34) 

In  an  inelastic  collision,  the  perpendicular  compo¬ 
nent  becomes  zero  after  the  collision.  Hence  the 
speed  of  the  block  at  point  B  immediately  after  the 


collision  is  vB  cos  30° 


760  x 


—  =  745  ms  l. 
2 


First  incline 


Second  incline 


26.  Let  vc  be  the  speed  at  C.  From  conservation  of 
energy,  gain  in  K.E.  =  loss  in  P.E.,  i.e. 

1,1, 

—mvc  -  —mvB  =  mg  x  BE  =  mg  x  EC  tan  30° 
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=>  v2c  =  v2B  +  2g  x  3V3  tan  30° 

1/T5  ms-1 

=  45  +  2  x  10  x  3V3  x  -=  =  105 

V3 

=>  vc  =  V  105  ms-1 

VTS  sin  60° 
(ms-1)  — — 

A60° 

27.  If  the  collision  is  perfectly  elastic,  the  perpendicu¬ 
lar  component  vE  sin  30°  =  V60  x  —  =  Vl5  ms'1  is 

l/45  sin  60° _ 

(ms-1)  *7 

^30° 

- ^V45  ms  1 

reversed  after  the  collision  as  shown  in  the  Fig.7.35. 
The  resultant  vertical  component  is 

Vf5  sin  60°  -  V45  sin  30°  =  0,  which  is  choice  (c). 

Fig.  7.35 

Matching 

Match  the  Statements  in  Column  I  with  the  Processes  in  Column  II 


Column  I 

(a)  Collision  of  two  light  nuclei  to  form  a  heavier  nucleus 

(b)  A  speeding  bullet  getting  embedded 
in  a  wooden  plank 

(c)  Collision  of  neutron  with  a  heavy  unstable  nucleus 

(d)  Collision  in  which  there  is  no  loss 
of  kinetic  energy 


Column  II 

(p)  Elastic  collision 

(q)  Inelastic  collision 

(r)  Nuclear  fission 

(s)  Nuclear  fusion 


ANSWER 

(a)  -»  (s)  (b)  -»  (q) 

(c)  — >  (r)  (d)  ->  (b) 


# 

Reason- Assertion  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true;  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  true;  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true;  Statement-2  is  false. 

(d)  Statement- 1  is  false;  Statement-2  is  true. 


1.  Statement-1 

Two  identical  balls  B  and  C  lie  on  a  horizontal 
smooth  straight  groove  so  that  they  are  touching. 
A  third  identical  ball  A  moves  at  a  speed  v  along 
the  groove  and  collides  with  B  (see  Fig.  7.36).  If 
the  collisions  are  perfectly  elastic,  then  after  the 
collision,  balls  A  and  B  will  come  to  rest  and  ball  C 
moves  with  velocity  v  to  the  right. 


Fig.  7.36 
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Statement-2 

In  an  elastic  collision,  linear  momentum  and  kinetic 
energy  are  both  conserved. 


2.  Statement-1 

Two  bodies  A  and  B  of  masses  m  and  2  m  respec¬ 
tively  are  placed  on  a  smooth  floor.  They  are  con¬ 
nected  by  a  spring.  A  third  body  C  of  mass  m  moves 
with  a  velocity  u  and  collides  elastically  with  A  as 
shown  in  Fig.  7.37.  At  a  certain  instant  t0  after  the 
collision,  it  is  found  that  the  velocities  of  A  and  B 
are  the  same  =  m/3. 


c 

A 

m 

— *-  v0 

m 

2m 

y77777777777777/777777777777777777777777/777Z 


Fig.  7.37 

Statement-2 

In  an  elastic  collision,  the  kinetic  energy  of  the  sys¬ 
tem  is  conserved. 

3.  Statement-1 

In  an  inelastic  collision  between  two  bodies,  the 
total  energy  does  not  change  after  the  collision  but 
the  kinetic  energy  of  the  system  decreases. 

Statement-2 

The  loss  of  kinetic  energy  appears  as  heat  in  the 
system. 

4.  Statement-1 

In  a  collision  between  two  bodies,  each  body 
exerts  an  equal  and  opposite  force  on  the  other  at 
each  instant  of  time  during  the  collision. 

Statement-2 

The  total  energy  of  the  system  is  conserved. 

5.  Statement-1 

The  term  ‘collision'  between  two  bodies  does  not 
necessarily  mean  that  the  two  bodies  actually  strike 
against  each  other. 

Statement-2 

In  physics,  a  collision  is  said  to  take  place  if  the  one 
body  influences  the  motion  of  the  other. 

6.  Statement-1 

In  an  inelastic  collision,  the  two  colliding  bodies 
stick  to  each  other  after  the  collision  and  move  with 
a  common  velocity. 

Statement-2 

There  is  a  lost  of  total  kinetic  energy  in  an  inelastic 
collision. 

7.  Statement-1 

In  a  collision  between  two  bodies,  the  linear 
momentum  each  body  remains  constant. 


Statement-2 

If  no  external  force  acts,  the  total  linear  momentum 
of  a  system  is  conserved. 

8.  Statement-1 

In  an  elastic  collision  between  two  bodies,  the  en¬ 
ergy  of  each  body  is  conserved. 

Statement-2 

The  total  energy  of  an  isolated  system  is  con¬ 
served. 

9.  Statement-1 

The  total  energy  of  a  system  is  always  conserved 
irrespective  of  whether  external  forces  act  on  the 
system. 

Statement-2 

The  total  energy  of  an  isolated  system  is  always 
conserved. 

10.  Statement-1 

A  body  P  of  mass  M  moving  with  speed  u  collides 
head-on  and  elastically  with  a  body  Q  of  m  initially 
at  rest.  If  m  «  M,  body  Q  will  have  a  maximum 
speed  equal  to  2  u  after  the  collision. 

Statement-2 

In  an  elastic  collision,  the  momentum  and  kinetic 
energy  are  both  conserved. 

11.  Statement-1 

A  block  of  mass  m  starts  moving  on  a  rough 
horizontal  surface  with  a  velocity  v.  It  stops  due 
to  friction  between  the  block  and  the  surface 
after  moving  through  a  certain  distance.  The 
surface  is  now  tilted  to  an  angle  of  30°  with  the 
horizontal  and  the  same  block  is  made  to  go  up 
on  the  surface  with  the  same  initial  velocity  v. 
The  decrease  in  the  mechanical  energy  in  the 
second  situation  is  smaller  than  that  in  the  first 
situation. 

Statement-2 

The  coefficient  of  friction  between  the  block  and 
the  surface  decreases  with  the  increase  in  the  angle 
of  inclination. 

<  IIT,  2007 

12.  Statement-1 

In  an  elastic  collision  between  two  bodies,  the  rela¬ 
tive  speed  of  the  bodies  after  collision  is  equal  to 
the  relative  speed  before  the  collision. 

Statement-2 

In  an  elastic  collision,  the  linear  momentum  of  the 
system  is  conserved. 

<  IIT,  2007 
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SOLUTIONS 


1.  The  correct  choice  is  (a).  Linear  momentum  will  be 
conserved  if  A  comes  to  rest  and  B  and  C  move  to 
the  right  with  a  velocity  v!2  each  or  A,  B  and  C  all 
move  to  the  right  with  velocity  v/3  each.  It  is  easy 
to  see  that  in  these  two  cases,  the  kinetic  energy  is 
not  conserved.  Hence  the  only  result  of  the  colli¬ 
sion  is  the  one  given  in  Statement- 1 . 

2.  The  correct  choice  is  (b).  Let  C  collide  with  A  at 
t  =  0.  Since  the  collision  in  elastic  and  A  and  C  have 
equal  masses,  C  will  come  to  rest  andH  will  move  to 
the  right  with  velocity  u  and  at  this  instant  the  spring 
is  uncompressed  and  B  is  at  rest.  Hence  at  t  =  0,  the 
momentum  of  the  system  =  mu.  When  A  moves  to 
the  right,  it  compresses  the  spring  and  as  a  result  B 
beings  to  move  to  the  right.  Let  v  be  the  common 
velocity  of  A  and  B  at  time  t0.  From  the  principle  of 
conservation  of  linear  momentum,  we  have 
Momentum  of  C  before  collision  =  momentum  of 
A  after  collision  +  momentum  of  B  after  collision 

u 

or  mu  =  mv  +  (2m)  v  =>  v  =  — . 

3.  The  correct  choice  is  (a).  The  total  energy  (which 
includes  all  forms  of  energy)  is  conserved  in  any 
process. 

4.  The  correct  choice  is  (b).  Statement- 1  follows  from 
Newton’s  third  law  of  motion. 

5.  The  correct  choice  is  (a). 

6.  The  correct  choice  is  (d).  The  two  colliding  body 
need  not  get  stuck  after  an  inelastic  collision. 

7.  The  correct  choice  is  (d).  Since  the  velocities  of 
the  two  bodies  change  due  to  collision,  the  linear 
momentum  of  each  body  will  change  but  the  total 
linear  momentum  of  the  system  of  two  bodies  is 
conserved. 

8.  The  correct  choice  is  (d).  Due  to  change  in  veloc¬ 
ity,  the  energy  of  each  body  changes  on  collision 


but  the  total  energy  of  the  system  of  two  bodies  is 
conserved. 

9.  The  correct  choice  is  (d).  If  an  external  force  acts 
on  a  system,  it  is  accelerated  which  will  increase  the 
total  energy. 

10.  The  correct  choice  is  (a).  If  v  and  V  are  the  veloci¬ 
ties  of  Q  and  P  after  the  collision,  then  from  conser¬ 
vation  of  momentum  and  kinetic  energy,  we  have 

Mu  =  mv  +  MV  =>  M(u  —  V)  =  mv  ( 1 ) 

-  Mu1  2  =  -  mv2  +  -  MV2 
2  2  2 

=>  M(u  -  V)  (u  +  V)  =  mv2  (2) 

From  Eqs.  (1),  (2),  we  get 

2  Mu  2  u 

V  =  -  =  7 - r 

(M  +  m)  L  »n 

V  m) 

If  M  »  m,  then  v  is  maximum  equal  to  2 u  (since 
m 

- >  zero). 

M 

11.  Statement- 1  is  true.  The  decrease  in  mechanical 
energy  is  smaller  when  the  block  is  made  to  go 
up  on  the  inclined  surface  because  some  part  of 
the  kinetic  energy  is  converted  into  gravitational 
potential  energy.  Statement-2  is  false.  The  coef¬ 
ficient  of  friction  does  not  depend  on  the  angle  of 
inclination  of  the  plane. 

12.  For  elastic  collisions  both  the  statements  are  true 
but  statement-2  is  not  the  correct  explanation  of 
statement- 1.  Linear  momentum  is  conserved  in 
elastic  as  well  as  inelastic  collision.  But  in  an  elas¬ 
tic  collision  the  total  kinetic  energy  of  the  system 
is  also  conserved.  Statement- 1  is  obtained  if  we  use 
both  the  conservation  of  linear  momentum  as  well 
as  the  conservation  of  kinetic  energy  in  the  case  of 
an  elastic  collision. 


# 


Integer  Answer  Type 


1.  A  shell  of  mass  4  kg,  initially  at  rest  explodes  into 
three  fragments.  Two  of  the  fragments,  each  of  mass 
1  kg  are  found  to  move  with  a  speed  of  2  ms  _1  each 
in  mutually  perpendicular  directions.  Find  the  total 
energy  (in  joule)  released  in  the  explosion. 

<  IIT,  1987 

2.  A  simple  pendulum  is  suspended  from  a  peg  on  a 
vertical  wall.  The  pendulum  is  pulled  away  from 


the  wall  to  a  horizontal  position 
and  released  (see  Fig.  7.38).  The 
bob  hits  the  wall,  the  restitution 
coefficient  being  2/V5  .  What  is 
the  minimum  number  of  impacts 
with  wall  after  which  the  ampli¬ 
tude  becomes  less  than  60°? 

<  IIT,  1988 


-Peg 


Fig.  7.38 
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3.  A  cart  is  moving  along  the  +  x  direction  with  a 
velocity  of  4  ms~' .  A  person  on  the  cart  throws  a 
stone  with  a  velocity  of  6  ms-1  relative  to  him¬ 
self.  In  the  reference  frame  of  the  cart,  the  stone 
is  thrown  in  the  y-z  plane  making  an  angle  of  30° 
with  vertical  z-axis.  At  the  highest  point  of  its 
trajectory,  the  stone  hits  an  object  of  equal  mass 
hung  vertically  from  the  branch  of  a  tree.  A  com¬ 
pletely  inelastic  collision  occurs  in  which  the  stone 
gets  embedded  in  the  object.  Find  the  speed  in  ms-1 
of  the  combined  mass  immediately  after  the  colli¬ 
sion  with  respect  to  an  observer  on  the  ground. 

<  IIT,  1997 

SOLUTIONS 


1.  Refer  to  Fig.  7.40. 

p1  =  1  kg  x  2  ms-1  =  2  kg  ms-1 

Pi  =  Pi  =  2  kg  ms  1 

P  =  V Pi  +  Pi  =  2V2  kg  ms-1 
From  the  conservation  of  momentum,  we  have 

Pi+  P  =  0 

Pi  =  -  p  =  -  2^2  kg  ms-1 
=>  2  x  v  =  -  2^2  =>  v  =  -  v/2  ms-1 


Total  energy  released 

=  |  x  1  x  (2)2  +  ^  x  1  (2)2  +^x2x  (-V2)2 

=2+2+2=6J 


2.  Refer  to  Fig.  7.41.  When  the  bob  is  at  the  horizon¬ 
tal  position  A,  its  height  above  B  =  length  of  the 
string  =  /.  Therefore,  potential  energy  at  A  =  mgl. 
When  the  bob  is  released,  it  hits  the  wall  at  B  and 
the  entire  potential  energy  is  converted  into  kinetic 
energy.  If  v  is  the  velocity  with  which  the  bob  hits 
the  wall,  then 


1  2 

—  mv 

2 


mgl  or  v  = 


v/2 gl 


(i) 


The  speed  of  the  bob  after  the  first  rebound  is 


vl  =  ev 


4.  Three  objects  A,  B  and  C  are  kept  in  a  straight  line 
on  a  frictionless  horizontal  surface.  These  have 
masses  m,  2 m  and  m,  respectively.  The  object  A 
moves  towards  B  with  a  speed  9  m/s  and  makes  an 
elastic  collision  with  it.  Thereafter  B  makes  com¬ 
pletely  inelastic  collision  with  C.  All  motions  occur 
on  the  same  straight  line.  Find  the  final  speed  (in 
m/s)  of  the  object  C.  [see  Fig.  7.39] 


m 


A 


2m 

B 


m 


C 


Fig.  7.39 


IIT,  2009 


where  e  is  the  coefficient  of  restitution.  The  speed 
of  the  bob  after  the  second  rebound  will  be  v2  =  evx 
=  e2v.  Thus,  the  speed  of  the  bob  after  n  rebounds 
will  be 

v„  =  env 

If  the  ball  rises  to  a  position  C  at  a  height  h  =  BD 
after  n  rebounds,  then  from  the  principle  of  conser¬ 
vation  of  energy,  we  have 


—  mv2  =  mgh 


h  = 


2g  2g 


2n„,2 

e  v 


2g 


(2) 


Using  Eq.  (1)  in  (2),  we  get 

2  n 


h  = 


2g/g 

2g 


■  =  le 


2n 


(3) 


For  9n  is  the  angle  the  string  subtends  with  vertical 
after  n  rebounds,  it  follows  from  the  figure  that 
h  =  OB  -  OD  =  1-1  cos  6n  =  l  (1  -  cos  0„)  (4) 
From  Eqs.  (3)  and  (4),  we  have 

le1"  =  l  (1  -  cos  9 '„)  or  e2n  =  1  -  cos  9n) 

O  1  A 


Fig.  7.41 

For  9n  to  be  less  than  60°,  i.e.  cos  9n  is  greater  than 

— ,  (1  —  cos  9„ )  must  be  less  than  —  .  Thus 
2  2 

In  1 

e  <  - 
2 
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Given,  e  =  —==  .  Therefore, 


or  (0.8)"  <  i  or  n  log  (0.8)  <  log  (0.5) 

or  -  (0.0969)«  <  -  0.03010  or  n  >  ^ or 
n  >  3.1  0.0969 

The  least  integer  greater  than  3.1  is  4.  Hence  n  =  4. 
3.  The  x,  y  and  z  components  of  the  initial  velocity  of 
the  stone  are  (Fig.  7.42) 
ux  =  4  ms-1 

Uy  =  (6  ms-1)  sin  30°  =  3  ms-1 
uz  =  (6  ms-1)  cos  30°  =  3  V3  ms-1 

When  the  stone  reaches  the  highest  point  A  of  its 
parabolic  path,  the  vertical  i.e.  z  component  of  its 
velocity  becomes  zero  but  the  x  and  y  components 
remain  unchanged,  i.e. 

vx  =  ux  =  4  ms-1 
vv  =  uv  =  3  ms-1 

y  y 

pz  =  o 

The  speed  of  the  stone  at  the  highest  point  on  its 
trajectory  with  respect  to  an  observer  on  the  ground 

p  =  +  P2v  +  V2f2 

=  (42  +  32  +  02)1/2  =  5  nW1 


X 


4.  Elastic  collision  of  A  with  B.  (Fig.  7.43) 


After  collision 


Fig.  7.43 

Momentum  conservation  gives 
mu1  +  2  mu 2  =  mvl  +  2  mv2 

=>9 m  +  0  =  mz>\  +  2  mv 2 

=>  9  =  v1  +  2  v2  (1) 

Conservation  of  kinetic  energy  gives 

—  m  X  (9)2  =  —  mvl  +  —  {2m)  v 2 

=>  8 1  =  vl  +  2v\  (2) 

Solving  ( 1 )  and  (2),  we  get  we  get  vl=-3  ms-1  and 
v2  =  6  ms-1 

Inelastic  collision  between  B  and  C  (Fig.  7.44) 

In  a  perfectly  inelastic  collision  the  two  bodies  stick 
together. 


B  C 


After  collision 

Fig.  7.44 

Momentum  conservation  gives 
2  mv 2  +  0  =  (2m  +  m )  v 

2  2 

=>  v  =  -v7=-x6  =  4  ms 
3  2  3 


Fig.  7.42 


8 

Chapter 
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Rigid  Body  Rotation 


REVIEW  OF  BASIC  CONCEPTS 

8.1  ■  CENTRE  OF  MASS  OF  DISCRETE  PARTICLES 

For  a  system  of  particles,  the  centre  of  mass  is  defined  as 
that  point  where  the  entire  mass  of  the  system  is  imagined 
to  be  concentrated,  for  considerations  of  its  translational 
motion. 

If  rl5  r2,  r3,  ...  r„  are  the  position  vectors  of  masses 
mx,  m2,  m3,  ...mn  respectively,  the  centre  of  mass  of  the 
system  is 

_  _  mx rj  +  m2r2  +  m3 r3  + . +  mnrn 

rCM  ,  ,  , 

mx  +  m~,  +  m3  + . +  mn 

n  n 

=  N= 1  =  N= 1 

"  M 

2.  mn 

N= 1 

where  Mis  the  total  mass  of  the  system  of  particles. 

rCM  is  the  weighted  average  of  all  the  position  vectors 
of  the  particles  of  the  system,  the  contribution  of  each 
particle  being  proportional  to  its  mass. 

For  a  system  consisting  of  two  particles,  the  centre  of 
mass  is 

=  +»?2r2 

'em 

m{  +  m2 

If  the  masses  are  equal,  i.e.  mx  =  m2,  then 

rCM  =  \  (ri  +  ri) 

which  means  that  the  centre  of  mass  lies  exactly  in  the 
middle  of  the  line  joining  the  two  masses. 


EXAMPLE  8.1 


Three  particles  of  masses  mx  =  m,  and  m2  =  2m  and 
777 3  =  3 777  are  placed  at  the  corners  of  an  equilateral 
triangle  of  side  a  as  shown  in  Fig.  8.1.  Locate  the 
centre  of  mass  of  the  system. 


SOLUTION 


Take  any  one  particle  to  be  located  at  the  origin  O. 
Thex  and_y  coordinates  of  mx,  m2,  and  m3  respectively 

a 

are  xx  =  0  and  yx  =  0 ,x2  =  a  and  y2  =  0  and  x3  =  —  and 


JV 


V3o 


Thex  and  y  coordinates  of  the  centre  of  mass  are 

_  777 1 X |  +  m2X 2  +  W73x3 


XCM 


mx  +  m2  +  m3 


m  x  0  +  2m  x  a  +  2m  x  —  n 

_ 2  =Z^ 

m  +  2m  +  3m  12 
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W7j  yl  +  m2  y2  +  y 3 

m,  +  777o  +  7775 


m  x  0  +  2m  x  0  +  3m  x  - 


777  +  2  m  +  3  m 


Locate  the  centre  of  mass  of  a  uniform  rod  of  mass 
M  and  length  L. 


Fig.  8.3 


Four  particles  of  masses  1  kg,  1  kg,  2  kg,  and  2  kg, 
are  placed  at  the  comers  of  a  square  of  side  12  cm 
as  shown  in  Fig.  8.2.  Find  the  position  vector  of  the 
centre  of  mass  of  the  system. 


We  assume  that  the  rod  lies  along  the  x-axis  with  one 
end  at  origin  O. 

,  ,  ,  M 

Mass  per  unit  length  of  the  rod  =  — 

Mass  of  element  of  length  dx  is  [Fig  8.3] 

dm  =  — dx 
L 

The  x-coordinate  of  the  centre  of  mass  is 


1  kg  1 - — - 1-  -  >-  x 

O  12  cm  -1  kg 

Fig.  8.2 


1x0  +  1x12  +  2x12  +  2x0 

1+1+2+2 

1x0  +  1x0  +  2x12  +  2x12 
1+1+2+2 


=  6  cm 


The  position  vector  of  the  centre  of  mass  is 
rCM=  (6i+8j)cm 

;  CENTRE  OF  MASS  OF  A  BODY  HAVING 
8  2  |  CONTINUOUS  DISTRIBUTION  OF  MASS 

If  a  body  has  continuous  distribution  of  mass,  the  position 
of  its  centre  of  mass  is  determined  by  dividing  the  body 
into  a  very  large  number  of  extremely  small  elements.  If 
dm  is  the  mass  of  the  element  and  it  is  at  a  distance  x  and 
y  from  the  origin  of  chosen  coordinate  system,  then  x  and 
y  coordinates  of  the  centre  of  mass  are  given  by 


J  x  dm 
J  dm 

J  y  dm 

J  dm 


x  dm 

0  1  [M  L 

— - =  —  —  x  dx  —  — 

J  dm  M°L  2 


The  centre  of  mass  is  at  the  centre  of  the  rod. 


A  non-uniform  rod  of  length  L  is  lying  along  the 
x-axis  with  one  end  at  origin  O  as  shown  in  Fig.  8.4. 
The  linear  mass  density  (i.e.  mass  per  unit  length) 
A  varies  with  x  as  A  =  a  +  bx,  where  a  and  b  are 
constants.  Find  the  distance  of  the  centre  of  mass 
from  origin  O. 


Fig.  8.4 


Mass  of  element  is  dm  =  A  dx  =  (a  +  bx)  dx 


J  x  dm 


XCM 
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=> 


2 

L 

3 

X 

+  b 

X 

a 

— 

— 

2 

0 

3 

aL 2  bL 3 

_^T  +  1T 


// 

y(3fl  +  2^I) 


(ii) 


And 


i 


^(2a  +  bL) 


Using  (ii)  and  (iii)  in  (i),  we  get 


■^cm 


L  (3  a  +  2  bL) 
3(2  a +  bL) 


(iii) 


EXAMPLE  8.5 


■  Locate  the  centre  of  mass  of  a  uniform  semicircular 
ring  of  radius  R  and  linear  mass  density  X. 


SOLUTION 


Let  us  take  the  centre  of  the  ring  at  origin  O.  consider 
a  small  element  of  arc  length  dl  of  the  ring.  Let  0 
be  the  angle  which  the  radius  vector  of  the  element 
makes  with  the  x-axis  as  shown  in  Fig.  8.5. 


*y 


Let  dO  be  the  angle  subtended  by  the  element  at 
the  centre.  Then  dl  =  R  dO.  Mass  of  the  element 
is 


dm  =  Xdl  =  XRdO 

The  x  and  y  components  of  radius  vector  R  are 
x  =  R  cos  0  and  y  =  R  sin  0.  Then 


XCM 


71 

Ai?2|(cos0)  dO 
o _ 

n 

XR\dO 

o 


XR2 

XRn 


|  sine 


R 

n 


(sin  n  -  sin  0)  =  0 


Tcm 


J  ydm 

J  dm 


XR2 1  (sin0)  dO 

0 _ . 

K 

Ai?J  dO 


XR~ 

XRk 


-COSe  In 


0 


R,  ,2  R 

= - (cos  n  -  cos  0)  =  — 

n  n 

2  R 

Thus,  the  centre  of  mass  is  at  a  distance  of  — 
from  origin  O  on  the  y-axis.  K 


8.3  : 

i 

_ L 


FINDING  CENTRE  OF  MASS  OF  A  SYSTEM 
WHEN  A  PART  OF  ITS  MASS  IS  REMOVED 


Consider  of  system  of  mass  M.  If  a  mass  m  is  removed,  the 
remaining  mass  =  M-  m  which  may  written  as  M  +  (-/«). 
Then  the  x  and  y  coordinates  of  the  centre  of  mass  of  the 
remaining  portion  are  given  by 

v  _  Mx  —  mx' 

XCM  - 

M  —  777 

and  ,.CM  - 

M  —  777 

where  x  and  y  are  the  coordinates  of  the  centre  of  mass  of 
the  complete  part  and  x'  and  y '  are  the  coordinates  of  the 
centre  of  mass  of  the  removed  part. 


EXAMPLE  8.6 


Four  particles,  each  of  mass  1  kg,  are  placed  at  the 
corners  of  a  square  of  side  12  cm.  If  mass  77?3  is 
removed,  find  the  shift  in  the  centre  of  mass  of  the 
system  (see  Fig.  8.6). 


SOLUTION 


As  shown  in  Example  2,  the  x  and  y  coordinates  of 
the  original  system  are  xCM  =  6  cm  and  yCM  =  6  cm 

If  mass  777 3  is  removed,  the  x  and  y  coordinates  of 
the  centre  of  mass  of  the  remaining  system  are 


/  _  1x0  +  1x12  xlx0_  / 

pm  -  ^  cm 


1  +  1  +  1 


8.4  Comprehensive  Physics — JEE  Advanced 


/  _  1  X  0  +  1  X  0  +  1  X  12  _  4 

y  cm  _  - “  ^  cm 

1  +  1  +  1 

A  A 

Thus  r  =  6 i +  6  j 

A  A 

and  r'=  4  i  +  4  j 

shift  Ar  =  r -r' =  (h i  +  6  j)- (4 i  +  4  j) 


A  A 

=  2i  +  2  j 


EXAMPLE  8.7 


I  From  a  uniform  thin  disc  of  radius  R  and  mass  M,  a 
circular  portion  of  radius  r  =RJ. 2  is  removed  as  shown 
in  Fig.  8.7.  Find  the  centre  of  mass  of  the  remaining 
part  of  the  disc. 

*y 


SOLUTION 


I  Let  the  centre  of  the  disc  be  at  origin  O.  The  centre  of 
mass  of  the  complete  disc  will  be  at  O  (by  symmetry) 
and  its  x  and  y  coordinates  are  (0,  0).  Mass  per  unit 

area  of  the  disc  =  ——y .  Therefore,  mass  of  removed 
.  .  kR 2 

portion  is 


M  2 

m  = - -  x  nr  . 

kR~ 


M 

nR2 


M 

T' 


The  x  and  y  coordinates  of  the  centre  of  mass  of 
the  removed  portion  are 


x 


r 


R 

2 


and  y'  =  0 


The  x  and  y  coordinates  of  the  remaining  portion 
(shown  shaded)  are 


XCM 


Mx  —  mx' 


M 
Mx  0 


m 


M  R 

—  x  — 

4  2 


M 

M - 

4 


R 

6~ 


,,  _  My  — my' 

Tcm  _  — - — 

M  —  m 


M 

Mx  0 - xO 

4 


M- 


M 

T 


=  0 


The  negative  sign  of  xCM  indicates  that  the  centre  of 
mass  of  the  remaining  portion  is  located  at  a  distance 
R/6  towards  the  left  of  the  center  O  of  the  complete 
disc. 


Alternative  Method 


It  is  clear  that  centre  of  mass  of  the  remaining  portion  of 
the  disc  will  shift  to  the  left  of  O.  Let  G  be  the  centre  of 
mass  of  the  remaining  portion  of  the  disc  (Fig.  8.8).  Let 
OG  =  x.  Equating  the  moments  of  Mg  and  mg  about  G, 
we  have 


M 

M  x  x  =  —  x 
4 

R 

x  =  — 

6 


Thus  the  centre  of  mass  shifts  by  R/6  to  the  left  of  O. 


EXAMPLE  8.8 


From  a  thin  uniform  square  lamina  of  side  a  a  square 
of  side  at 2  is  removed  from  its  comer  as  shown  in 
Fig.  8.9.  Find  the  centre  of  mass  of  the  remaining 
portion  (shown  shaded)  of  the  lamina. 
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y 


a 


Fig.  8.9 


SOLUTION 


Let  M  be  the  mass  of  the  complete  lamina.  Mass  of 

M 

the  removed  portion  is  m  =  —  .  The  centre  of  mass 

of  the  complete  lamina  is  taken  to  be  at  origin  O  (x  = 

0 ,y  =  0).  The  coordinates  of  the  centre  of  mass  O'  of 

,  .  •  .  a  ,  .  a 

the  removed  portion  are  x  =  —  and  v  = - . 

4  '  4 

The  x  and  y  coordinates  of  the  centre  of  mass  of  the 
remaining  portion  are 

Mx  -  mx' 


XCM 


M  —  m 


and 


A  M  a 

Mx  0 - x - 

_ 4  4 

4 


Tcm 


My  —  my' 
M  —  m 


a 

12 


,,  „  M  a 

Mx  0 - X - 

_ 4  4 

M 

4 


;  VELOCITY  AND  ACCELERATION  OF  CENTRE 
8  4  1  OF  MASS  OF  A  SYSTEM  OF  PARTICLES 

If  rb  r2, ...  rn  are  the  position  vectors  of  masses  mx,  m2, ... 
mn,  respectively,  th\e  position  vector  of  the  centre  of  mass 
of  the  system  of  particles  is  given  by 

„  _  777,  r,  +  7772l*2  +  ' '  ‘ 

rCM  “  — — - — - — 

ml  +  m2  - 1-  mn 


The  velocity  of  the  centre  of  mass  is  given  by 


dr. 


VCM 


CM 


dt 


777, 


drx 

dt 


+  77?0 


dt 2 
dt 


+  ...  +  777 


<K 

”  dt 


7?7j  +  m2  + ...  +  mn 

mlxl+m2x2+...  +  mnxn 


VCM 


777j  +  ???2  +  ...  +  mn 

The  acceleration  of  the  centre  of  mass  is  given  by 
d\, 


acu 


'CM 


dt 

dv, 
h  — ~ 
dt 


+  77?! 


d_y_ 2 
dt 


d^n 

dt 


777]  +  ???2  H - 1-  mn 


777,  a,  +??77a7  + 


*CM 


=  '"1*1 


or 


aCM 


777]  +  77?2  H - h  ??7„ 

F]+F2+-  +  F„  _XFe: 


777]  +  ???2  H - h  mn 


M 


If  ^Fext  =  0,  then  aCM=  0,  i.e  vCM  =  constant.  Hence  if  no 

net  external  force  acts  on  a  system,  its  centre  of  mass  will 
remain  at  rest  or  will  move  with  a  constant  velocity. 


EXAMPLE  8.9 


A  boy  of  mass  m  =  50  kg  stands  at  the  end  A  of  a  flat 
plank  AB  of  wood  of  mass  M=  1 00  kg  and  length  /  = 
10  m  floating  in  the  still  water  in  a  lake.  The  end  B  of 
the  plank  is  at  a  distance  of  30  m  from  the  shore  of  the 
lake  as  shown  in  Fig.  8.10.  The  boy  walks  a  distance 
of  6  m  on  the  plank  towards  the  shore.  How  far  is  the 
boy  from  the  shore  now?  Neglect  viscosity  of  water. 

Plank 


Shore 


* 


(x  =  0) 


30  m  - 


10  m  ■ 


Fig.  8.10 


SOLUTION 


Initially  the  centre  of  mass  of  the  system  (plank  + 
boy)  is  at  rest.  To  walk,  the  boy  exerts  a  force  in 
the  backward  direction.  The  plank  in  turns  exerts  a 
reaction  force  on  the  boy  in  the  forward  direction. 
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These  forces  are  internal  to  the  system.  Since  no  exter¬ 
nal  force  acts,  the  centre  of  mass  of  the  system  remains 
at  rest  even  when  the  boy  walks  on  the  plank. 

Let  the  shore  be  at  the  origin  O  (x  =  0).  Initially  let 
x  be  the  distance  of  the  centre  of  mass  of  the  plank 
from  O.  Then  the  distance  of  the  centre  of  mass  of  the 
system  (plank  +  boy)  from  O  will  be 

M  x  x  +  m  x  (30  +  10) 


_  100x  + 50x40  _100x  +  2000 
100  +  50  150 

Since  the  boy  moves  towards  the  shore  and  the 
centre  of  mass  of  the  system  has  to  remain  at  rest, 
the  plank  will  move  away  from  the  shore.  If  x'  is 
the  distance  moved  by  the  plank,  the  distance  of  the 
centre  of  mass  from  the  shore  when  the  boy  walks 
6  m  on  the  plank  is  given  by 


x 


CM 


100(x  +  x/)  + 50(40-6 +  xQ 
100  +  50 

100x  +  150x' +  1700 
150 


Since 


xcm  A 


CM’ 


100x  +  2000  _  lOOx  + 150x'  +  1700 
150  150 

,  300 

>  x  =  -  =  2  m 

150 

Distance  of  the  boy  from  the  shore  =  40  —  6  +  2 

=  36  m. 


EXAMPLE  8.10 


A  car  of  mass  1000  kg  is  moving  with  a  velocity  of 
10  ms-1  towards  another  car  of  mass  1500  kg  moving 
with  a  velocity  of  15  ms-1  in  the  same  direction.  Find 
the  velocity  of  the  centre  of  mass  of  the  two  cars. 


dP 

dt 

where  P  =  Mvcm  is  the  total  linear  momentum  of  the 
system  of  particles  which  is  equal  to  the  product  of  the 
total  mass  of  the  system  and  the  velocity  of  the  centre  of 
mass. 

dP 

If  ^Fext=0,  —  =0  =>  P  =  constant. 

Thus,  if  no  net  external  force  acts  on  a  system,  the  total 
linear  momentum  of  the  system  remains  constant;  the 
total  linear  momentum  being  the  vector  sum  of  linear 
momentum  of  individual  particles,  i.e. 

P  =  Pi  +P2+  ...  +  P„ 


=>  ZFext 


EXAMPLE  8.11 


A  boy  of  mass  m  =  40  kg  is  standing  on  a  stationary 
long  plank  of  mass  M=  260  kg  floating  on  still  water 
in  a  lake.  He  starts  running  with  a  velocity  v  =  6  ms-1 
relative  to  the  plank.  Find  the  velocity  of  the  boy  rela¬ 
tive  to  a  stationary  observer  on  the  bank  of  the  lake. 


SOLUTION 


Since  the  system  (boy  +  plank)  is  initially  at  rest,  its 
momentum  is  zero.  Since  no  external  force  acts  on 
the  system,  the  momentum  of  the  system  will  remain 
zero.  Let  us  assume  that  the  boy  runs  in  the  positive 
x-direction. 

Velocity  of  boy  relative  to  the  plank  is 


A 


vbP  =  v  1 

Now 

vbp=vb-vp 

where 

vb  =  velocity  of  boy  relative  to  ground 

and 

vp  =  velocity  of  plank  relative  to  ground 

Hence 

Vu=  Vu  +  V 

Tb  Tbp  Tp 

SOLUTION 


yCM 


=  +  »hv2 

+  m~, 

1000x10  +  1500x15  „„  , 

=  - =  13  ms- 

1000  +  1500 


8.5 


MOMENTUM  CONSERVATION  AND 
CENTRE  OF  MASS  MOTION 


We  have  seen  that 


XFext  Macu  -  M  ™  ^  (37vCM ) 


=  v  i  +  vp  i 


=  (p  +  vp)i 

Total  momentum  of  plank  +  boy  =  0 
Mv  +  ;nvb=  0 

A  A 

=>  Mvp  i  +  mvh  i  =  0 

A  A 

=>  Mv  i  +  m  (v  +  vp)  i  =  0 

...  .  mv 

which  gives  v  = - 

F  M  +  m 


Rigid  Body  Rotation  8.7 


Velocity  of  boy  is 

f  mv  V  Mv  C 

vb=  v - 1  =  - 1 

y  M  +  m J  M  +  m 

=  (  260x6  V 

”  [260+~40 J 1 

^  ~  C  -1 
=  5.2  1  ms 

Hence  the  velocity  of  boy  relative  to  a  stationary  observer  is 
5.2  ms-1  in  the  direction  along  which  the  boy  is  running. 

8.6  ;  TORQUE _ 

If  a  force  F  acts  on  a  particle  P  whose  position  vector  with 
respect  to  the  origin  of  an  inertial  reference  frame  is  r,  the 
torque  T  acting  on  the  particle  with  respect  to  the  origin  is 
defined  as  [Fig.  8.11] 

T  =  r  x  F 

In  terms  of  magnitudes, 

T  =  r  F  sin  0  =  F  (r  sin  0)  =  Fr_ 
where  9  is  the  angle  between  vectors  r  and  F. 

Torque  T  is  a  vector  quantity.  Its  magnitude  is  given  by 
T=  rF  sin  9;  its  direction  is  normal  to  the  plane  containing 
vectors  r  and  F  and  can  be  determined  by  the  right-hand 
screw  rule. 

Unit  of  Torque  Torque  has  the  same  dimensions  as  those 
of  work  (both  being  force  times  distance)  viz.  ML  T  . 
The  two  are,  however,  very  different  quantities.  Work  is  a 
scalar,  torque  is  a  vector.  To  distinguish  between  the  two  we 
express  work  in  joule  and  torque  in  newton-metre  (N  m). 


Fig.  8.11 

Couple 

Two  equal  antiparallel  forces  having  different  lines  of 
action  constitute  a  couple. 

The  moment  of  couple  or  torque  =  Fr±  (Fig.  8.12) 


F 


r± 

F 

Fig.  8.12 

=  magnitude  of  either  force  x  perpendicular  distance 
between  the  two  antiparallel  forces 

Work  done  by  torque 

If  a  force  F  acts  on  a  rigid  body  at  perpendicular  rL  from 
the  axis  of  rotation,  the  work  done  by  the  force  in  rotating 
the  body  through  an  angle  A 9  is  given  by 

AW  =  FrL  A9  =  x  A9 

=  magnitude  of  torque  X  angular  displacement 

„  dW  d9 

Power  =  -  =  t —  =  tco 

dt  dt 

where  co  is  the  angular  velocity. 


EXAMPLE  8.12 


(  A  ^ 

A  force  F  =  \2i  +3  j/  newton  acts  on  a  particle 
whose  position  vector  with  respect  to  origin  O 
(  A  A^ 

is  r  =  [4i-5jj  metre.  Find  the  magnitude  and 
direction  of  the  torque. 


SOLUTION 


T  =  r  x  F 


=  4ix2i+12ixj-10jxi-15jxj 
=  0  +  12k  +  10k  -  0 

A 

=  22  k  newton  metre 

The  magnitude  of  torque  is  22  Nm  and  its  direction 
is  along  the  positive  z-axis. 


EXAMPLE  8.13 


A  rectangular  plate  OPQR  of  dimensions  2  m  x  3  m 


lies  in  the  x-y  plane  as  shown  in  Fig.  8.13.  A  force 


F=  3i  +5  j 


newton  is  applied  at  point  Q.  Find  the 
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torque  of  F  (a)  about  origin  O,  (b)  about  point  P  and 
(c)  about  x-axis,  /-axis  and  z-axis. 


SOLUTION 


(a)  r  =  OQ  =  ^3  i  +  2 j  ]  metre 
Torque  about  O  is 

T0  =  r  x  F 

=  ^3i+2jjx^3i+5j 

A  A  A  A  A 

=  9ixi+15ixj  +  6jxi+10jxj 

=  0  +  15k  -  6k  +  0  =  9k  Nm 

(b) Torque  about  P  is 

T P =  PQ  x  F 
=  2  j  x  F 


=  2jx^3i+2j|  =  -  6 k  Nm 

(c)Torque  about  x-axis  is 


where  r  is  the  position  vector  of  the  particle  and  p  its 
linear  momentum.  In  terms  of  magnitudes, 

L  =  rp  sin  0  =  r±x  p 

where  6  is  the  angle  between  vectors  r  and  p.  The 
dimensions  of  angular  momentum  are  (ML2  T  '  )  and  its 
SI  unit  is  kg  m2s_1. 

The  direction  of  L  is  perpendicular  to  the  plane 
containing  the  vectors  r  and  p  and  its  sense  is  given  by 
the  right-hand  rule. 


EXAMPLE  8.14 


A  body  of  mass  m  =  200  g  is  moving  parallel  to  the 
x-axis  with  a  velocity  v  =  30  cms-1  in  the  x-y  plane 
as  shown  in  Fig.  8.15.  Calculate  the  magnitude  of  its 
angular  momentum  about  origin  O  at  any  time  t. 


Tv  =  T0  i  =  9k  ■  i  =  0 
Torque  about  /-axis  is 

A  A  A 

%  =  V  .i  =9k  j  =  0 

Torque  about  z-axis  is 

Tz  =  Zq  ■  k  =  9  k-  k  =  9  Nm 


Fig.  8.15 


SOLUTION 


Magnitude  of  angular  momentum  =  rxp 
=  rx  mv 

=  OB  x  m  X  v 
=  0.15  x  0.2  x  0.3 
=  9  x  10~3  kg  mV1 


8.7  j  ANGULAR  MOMENTUM _ 

The  angular  momentum  L  of  a  particle  P  with  respect  to 
the  origin  of  an  inertial  reference  frame  is  defined  as  [Fig. 
8.14] 

L  =  r  x  p 


EXAMPLE  8.15 


A  body  of  mass  m  =  200  g  is  projected  with  a  velocity 
u  =  5  ms^at  an  angle  0  =  30°  with  the  horizontal. 
Calculate  the  magnitude  of  the  angular  momentum  of 
the  body  about  the  point  of  projection  when  it  is  at  the 
highest  point  of  its  trajectory.  Take  g  **  10  ms~2. 


Rigid  Body  Rotation  8.9 


SOLUTION 


Refer  to  Fig.  8.16.  At  the  highest  point  A,  the  body 
has  only  horizontal  velocity 
v  =  u  cos  9 

,  u 2  sin2  9 

h  =  - 

max  ~ 

2  g 

Magnitude  of  angular  momentum  of  the  body  about 
O  when  it  is  at  point  A  is 

L  =  mv  X  OB 
=  mv  x  /jmax 


„  u1  sin2  9 

=  m  u  cos  6  x - 

2g 

mu  sin"  9  cos  9 

2g 

=  0.2  x  (5)3  x  sin2  (30°)cos(30°) 
2x10 

1  y/3 

0.2  x  125  x  —  x  — — 

=  _ 4  2 

20 

=  0.27  kg  mV 
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RELATION  BETWEEN  TORQUE  AND 
ANGULAR  MOMENTUM 


In  linear  motion,  the  relation  between  force  F  and  linear 
momentum  p  is 

F  =  — 
dt 

In  rotational  motion,  the  relation  between  torque  T  and 

angular  momentum  L  is 

c/L 
T  =  — 
dt 

which  states  that  the  torque  acting  on  a  particle  is  equal 
to  the  rate  of  change  of  angular  momentum. 

8.9  !  ANGULAR  IMPULSE 

_ i _ 

In  linear  motion,  impulse  I  is  defined  as 

I  =  Jf  dt 


=  Jp  =  change  in  linear  momentum 
In  rotational  motion,  angular  impulse  J  is  defined  as 

J  =  f  t  dt 


=  d L  =  change  in  angular  momentum 


8.10 


LAW  OF  CONSERVATION  OF  ANGULAR 
MOMENTUM 


If  no  external  torque  acts,  the  total  angular  momentum  of 
a  body  or  a  system  of  particles  is  conserved. 

We  have  seen  that  the  rate  of  change  of  angular 
momentum  of  a  particle  is  equal  to  the  torque  produced 
by  the  total  force.  If,  in  a  certain  situation,  the  torque 
itself  vanishes,  then  it  follows  that  the  angular  momentum 
of  the  particle  will  remain  constant.  This  is  the  law  of 
conservation  of  the  angular  momentum  of  a  particle.  One 
trivial  situation  is  when  the  force  vanishes.  Then  the  torque 
vanishes  too.  The  particle  then  moves  freely  in  a  straight 
line  in  accordance  with  Newton’s  first  law  in  which  case 
both  linear  and  angular  momenta  are  conserved. 

A  general  situation  is  when  the  torque  vanishes  without 
the  force  itself  vanishing.  The  torque  X  will  vanish  if  the 
component  F  (the  angular  component)  of  F  vanishes  but 
the  radial  component  Fu  does  not.  The  radial  component  Fu 
is  the  component  of  F  along  the  radius  (or  position)  vector 
r.  Hence,  if  the  force  acting  on  the  particle  is  purely  radial 
( i.  e.  if  it  is  directed  along  or  against  its  position  vector)  then 
the  torque  acting  on  the  particle  vanishes  and  its  angular 
momentum  is  conserved  and  so  is  its  areal  velocity. 


8.11  |  MOMENT  OF  INERTIA _ 

The  moment  of  inertia  of  a  rigid  body  about  a  particular 
axis  may  be  defined  as  the  sum  of the  products  of  the  masses 
of  all  the  particles  constituting  the  body  and  the  squares  of 
their  respective  distances  from  the  axis  of  rotation,  i.e. 

1  =  my  |  +  +  my 3  +  ...  +  mnrn 


=  X  m,/n 

N=1 

Its  value  depends  upon  the  particular  axis  about  which 
the  body  rotates  and  the  way  the  mass  is  distributed  in  the 
body  with  respect  to  the  axis  of  rotation. 

In  the  case  of  a  body  which  does  not  consist  of  separate, 
discrete  particles  but  has  a  continuous  and  homogeneous 
distribution  of  matter  in  it,  the  summation  is  replaced  by 
integration,  so  that 
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1=  jr2dm 

where  dm  is  the  mass  of  an  infinitesimally  small  element 
of  the  body  at  a  distance  r  from  the  axis  of  rotation. 

Moment  of  inertia  is  a  scalar  quantity.  Its  SI  unit  is 
kg  m  and  its  dimensions  are  (ML"). 

8.12  |  RADIUS  OF  GYRATION _ 

The  radius  of  gyration  of  a  body  about  its  axis  of  rotation 
may  be  defined  as  the  distance  from  the  axis  of  rotation  at 
which,  if  the  entire  mass  of  the  body  were  concentrated, 
its  moment  of  inertia  about  the  given  axis  would  be  the 
same  as  with  its  actual  distribution  of  mass.  It  is  usually 
denoted  by  the  letter  K.  If  M  is  the  mass  of  the  body,  its 
moment  of  inertia  /  in  terms  of  its  radius  of  gyration  K  can 
be  written  /  =  MK 2 


8.13 


MOMENT  OF  INERTIA  AND  ROTATIONAL 
KINETIC  ENERGY 


Kinetic  energy  of  a  rotating  body  is  related  to  moment  of 
inertia  as 

KE  =  —  Iof 

2 

where  mis  the  angular  velocity  (or  frequency)  of  the  body. 

8.14  ;  MOMENT  OF  INERTIA  AND  TORQUE 

The  magnitude  of  torque  is  given  by  r  =  la 
where  a  is  the  angular  acceleration  of  the  body. 


8.15 


MOMENT  OF  INERTIA  AND  ANGULAR 
MOMENTUM 


The  magnitude  of  angular  momentum  of  a  rotating  body 
is  given  by  L=Im 

8.16  ;  PARALLEL  AXES  THEOREM _ 

If  M  is  the  total  mass  of  a  body  and  h  the  distance 
between  two  parallel  axes,  then  according  to  parallel  axes 
theorem  /  =  ICM  +  Mh 1 

8.17  j  PERPENDICULAR  AXES  THEOREM _ 

The  theorem  of perpendicular  axes  for  a  body  of plane 
lamina  states  that  the  moment  of  inertia  of  a  plane 
lamina  about  an  axis  perpendicular  to  the  plane  of  the 
lamina  is  equal  to  the  sum  of  the  moments  of  inertia 
of  the  lamina  about  any  two  mutually  perpendicular 
axes  in  its  own  plane  and  intersecting  each  other  at 
the  point  where  the  perpendicular  axis  passes  through 
it. 

If  f  and  /  are  the  moments  of  inertia  of  a  plane  lamina 
about  the  perpendicular  axes  x  and  y  respectively  which 
lie  in  the  plane  of  the  lamina  and  intersect  each  other  at  O, 
then  the  moment  of  inertia  /  of  the  lamina  about  an  axis 
passing  through  O  and  perpendicular  to  its  plane  is  given 

by 

7=4  +  4 
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EXPRESSIONS  FOR  MOMENT  OF  INERTIA  OF  BODIES  OF  REGULAR  SHAPES  ABOUT 
PARTICULAR  AXES  OF  ROTATION 


Shape  of  body  Axis  of  Rotation  Expression  for  Moment  of  Inertia 


1. 

Circular  ring  of  mass 

(i) 

through  centre,  perpendicular  to  plane  of  ring 

MR 2 

Mand  radius  R 

(ii) 

any  diameter 

(1/2)  MR2 

(iii) 

any  tangent  in  the  plane  of  ring 

(3/2)  MR2 

(iv) 

any  tangent  perpendicular  to  plane  of  ring 

2  MR2 

2. 

Circular  disc  of  mass  M 

(i) 

through  centre,  perpendicular  to  plane  of  disc 

(1/2)  MR2 

and  radius  R 

(ii) 

any  diameter 

(1/4)  MR2 

(hi) 

tangent  in  the  plane  of  the  disc 

(5/4)  MR2 

(iv) 

tangent  perpendicular  to  plane  of  disc 

(3/2)  MR2 

3. 

Sphere  of  mass  Mand 

(i) 

any  diameter 

(2/5)  MR2 

radius  R 

(ii) 

any  tangent  plane 

(7/5)  MR2 

4. 

Cylinder  of  mass  M, 

(i) 

own  axis 

(1/2)  MR2 

radius  R  and  length  L 

(ii) 

through  centre  perpendicular  to  length 

.Jr2  l2) 

l4  I2  J 

tjR2  L2) 

(iii) 

through  end  faces  and  _L  to  length 

M  —  +  — 

4  3 

Contd. 
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5. 


6. 


7. 


Shape  of  body 
One  dimensional  rod 
of  mass  M  and  length  L 

Rectangular  lamina  of 
mass  M,  length  L  and 
breadth  B 


Rectangular  block  of  mass 
M,  length  L ,  breadth  B  and 
height  H 


Axis  of  Rotation 

(i)  centre  of  rod  and  _L  to  length 

(ii)  one  end  and  _L  to  length 

(i)  length  of  lamina  and  in  its  plane 

(ii)  breadth  of  lamina  and  in  its  plane 

(iii)  centre  of  lamina  and  parallel 
to  length  or  breadth  in  its  plane 

(iv)  centre  of  lamina  and  _L  to  its  plane 


Expression  for  Moment  of  Inertia 
ML2/\2 
ML2/3 

MB2 13 
ML2/3 

MB2  or  ML 2 
12  12 


M 


L2  +  B 2 
12 


(v)  centre  of  length  and  _L  to  its  plane 


(vi)  centre  of  breadth  and  _L  to  its  plane 


B^ 

12, 


(i)  through  centre  or  block  and  parallel  to  length  or 
breadth  or  height  of  the  block 


(ii)  through  end  face  and 

parallel  to  length  or  breadth 
or  height  of  the  block 


M 


f  B2- 


H 


2\ 


12 


or 


f h2+l 4 

or  M 

r  L2+B2'\ 

l  12  J 

v  I2  J 

2  +B2' 

12 

or 

(l1  h 2' 

or  M 

'  B2  J}\ 

-+4 
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KINEMATICS  OF  ROTATIONAL 
MOTION  WITH  CONSTANT  ANGULAR 
ACCELERATION 


Consider  a  body  rotating  with  an  initial  angular  velocity  co0. 
It  is  given  a  constant  angular  acceleration  a  (by  applying  a 
constant  torque)  for  a  time  t.  As  a  result  it  acquires  a  final 
angular  velocity  co  and  suffers  an  angular  displacement  9 
in  time  t.  The  equations  of  rotational  motion  are 
co  =  co0  +  at 

1  2 

9  =  C0r\t  +  -at 
0  2 

and  2a9  =  co2  -  col 


EXAMPLE  8.16 


I  The  moment  of  inertia  of  a  uniform  circular  disc  of 
mass  M and  radius  R  about  an  axis  passing  through  its 

centre  and  perpendicular  to  its  plane  is  —  MR 2  .  Find 
the  moment  of  inertia  of  the  disc 


(a)  about  any  diameter 

(b)  about  an  axis  passing  through  a  point  on  the 
edge  of  the  disc  and  perpendicular  to  the  disc 

(c)  about  a  tangent  in  the  plane  of  the  disc. 


SOLUTION 


The  plane  of  the  disc  is  the  x-y  plane. 

(a)  Using  perpendicular  axes  theorem  [Fig.  8.17(a)] 

4  +  4  =  4 

Now  L  =  Ic=—  MR 2  (given).  From  symmetry 
2 

4  =  4- 

24  =  I  MR 2  =>  4  =  4=1  MR2 

2  4 

(b)  using  parallel  axes  theorem  [Fig.  8.17(b)] 
IAB=IZ  + M(CD)2 
=  IC+  MR2 

=  -  MR 2  +  MR2  =  -  MR2 
2  2 


8.12  Comprehensive  Physics — JEE  Advanced 


(c)  using  parallel  axes  theorem  [Fig.  8.17(c)] 
IEF  =  Iy  +  MR! 

=  -  MR 2  +  MR 2  =  -  MR2 
4  4 


(a)  (b)  (c) 

Fig.  8.17 


EXAMPLE  8.17 


I  A  thin  uniform  disc  of  mass  M  and  radius  R  has  con¬ 
centric  hole  of  radius  r.  Find  the  moment  of  inertia  of 
the  disc  about  an  axis  passing  through  its  centre  and 
perpendicular  to  its  plane. 


SOLUTION 


■  Mass  per  unit  area  of  the 
disc  is  [Fig.  8.18] 


Mass  of  the  disc  if  it  was 
complete  (i.e.  without 
hole)  is 
Mj  =  777  x  nR 2 


M 

n(R2-r2) 


x  nR 2 


d2  2 

R  -r 


Mass  of  the  removed  portion  is 


M2  =  777  x  nr 


Since  the  two  portions  are  concentric,  the  moment  of 
inertia  of  the  given  disc  about  the  given  axis  is 

1  1  , 

/  =  —  M,R~ - M,  r2 

2  2 


]_ 

2 


M\RA  -  r4 
2  R2  -  r2 


\M(R2+r2) 


EXAMPLE  8.18 


Find  the  moment  of  inertia  of  a  thin  unifonn  rod  of 
mass  Mand  length  L  about  an  axis  passing  through  its 
centre  and  making  an  angle  0  with  the  rod. 


SOLUTION 


Divide  the  rod  into  a  very  large  number  of  extremely 
small  elements  each  of  length  dx.  Consider  one  such 
element  at  a  distance  x  from  the  centre  O  of  the  rod 
(Fig.  8.19). 


L 

Perpendicular  distance  of  the  element  from  the  axis 
of  rotation  is 

r  =  OA  =  x  sin0 


Moment  of  inertia  of  the  rod  about  the  given  axis  is 


/  =  J  dm  r 


Rigid  Body  Rotation  8.13 


M  sin2  9 


M  sin  9 


|  x2  dx 


2 

+1/2 


-1/2 


If  9  =  90°,  I  = 


EXAMPLE  8.19 


ML  ■  2a 

- sin  9 

12 


ML - 
1 ~1 


The  radius  of  gyration  K  of  a  hollow  sphere  of  mass 
M  and  radius  R  about  a  certain  axis  is  equal  to  R. 
Find  the  distance  of  that  axis  from  the  centre  of  the 
sphere. 


SOLUTION 


Let  x  be  the  distance  of  the 
axis  from  the  centre  of  the 
sphere  [Fig.  8.20],  From  par¬ 
allel  axes  theorem 

^ xy  =  Jab  +  Mx2 
2 

=>  MK 2  =  -  MR 2  +  Mx2 
3 

Given  K=  R.  Hence 


R2=  -R2+x2 


X 


x  = 


3 

R 

V3 


EXAMPLE  8.20 


Figure  8.21  shows 
a  section  (a  part)  of 
circular  disc  of  radius 
R.  The  mass  of  the 
section  is  M.  Find  the 
moment  of  inertia  of 
the  section  of  the  disc 
about  an  axis  passing 
through  its  centre  O 
and  perpendicular  to 
its  plane. 


SOLUTION 


7  9 

Area  of  the  section  A  =  nR"  x  —  = 

2  n 


Fig.  8.21 


R29 


where  9  is  in  radian  [Fig  8.22]. 


w  .  M 

Mass  per  unit  area  =  — 
A 

2  M 


R29 


Area  of  strip  is  dA  =  (n  (x  +  dx)2  -  nx2  j  x 


In 


-  Inxdxx  —  =  (xdx)9 
2  n 

Mass  of  strip  is  dm  =  xdA  =  x(xdx)9 
R-9  R29 


2  M 
R2 


xdx 


Moment  of  inertia  of  the  section  about  the  given 
axis  is 

/  =  J  dnvc  =  — —  J  x2  dx 
R-  J0 

=  -  MR2 
2 


EXAMPLE  8.21 


Two  particles  of  masses  m}=  1  kg  and  m2  =  2  kg 
are  connected  by  a  rigid  bar  of  length  L  =  1 .2  m  of 
negligible  mass.  The  system  rotates  about  an  axis 
perpendicular  to  the  rod  and  at  a  distance  x  from 
mass  m , .  Find  the  value  of  x  for  which  the  moment 
of  inertia  about  the  given  axis  is  minimum,  what  is 
the  minimum  moment  of  inertia? 


SOLUTION 


From  Fig  8.23,  it  follows  that 

4) 


m- i#- 


(L-x)- 


•  m2 


Fig.  8.23 
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/  =  mxx2  +  m2  (L  -  x)2 

. dl  d2I 

I  will  be  minimum  if  —  =0  and  — —  >  0 

dx  dxr 

Differentiating  (i) 


(i) 


—  =  2 mxx  +  2m 2  (L  —  x)  (—  1)  =  0  (ii) 
dx 


x  = 


™iL 

mx  + 


2x1.2 
(1  +  2) 


=  0.8  m 


Differentiating  (ii) 
d2I 

— —  =  2 mx  +  2m 2,  which  is  positive  for  any  value  of  x. 
dx " 

Substituting  x  in  (i),  we  have 


An  in  m\ 


'  ™2l  f 

,  m\  +  m2  J 


+  m0 


m2L  A 


L- 

V  rn\  +  m2  ) 


mxm2L2  lx2x(1.2)~  _ ,  .  2 

-  1  z  ~  v  '  =  0.96  kg  m 


mx  +  m2 


1  +  2 


EXAMPLE  8.22 


A  giant  wheel  of  radius  2.0  m  and  mass  100  kg  is 
initially  at  rest,  (a)  What  torque  should  be  applied 
to  it  so  that  it  acquires  an  angular  frequency  of  300 
r.p.m.  in  10  s?  (b)  Find  the  kinetic  energy  when  it  is 
rotating  at  300  r.p.m. 


SOLUTION 


300 


Given  con  =  0,  v=  300  r.p.m.  = -  =  5  FIz.  Therefore 

0  60 

co  =  2 nv  =  107T  rad  s~'  and  t  =  10  s 
Using  co  =  co0  +  at,  we  have  10ti  =  0  +  10a 
=>  a  =  n  rad  s~2 

(a)  Torque  required  is  T  =  /a  =  MR 1  ja 

=  x  100  x  22  j  x  n 

=  200/r  =  628  Nm 
1  '  2  _  1  .,(^1  _ \2 


(b)  K.E.  =  -  Ico 2  =  —  x  x  1 00  x  22  j  x  (1 07r) 

=  IOV  =  9.9  x  104  J 


EXAMPLE  8.23 


I  A  stationary  horizontal  uniform  disc  of  mass  M  and 
radius  R  is  free  to  rotate  about  an  axis  passing  through 
its  centre  and  perpendicular  to  its  plane.  A  torque 


T  =  ad  +  b  is  applied  to  it,  where  9  is  the  angular 
displacement  and  a  and  b  are  positive  constants. 
Obtain  the  expression  for  the  angular  velocity  of  the 
disc  as  a  function  of  6. 


SOLUTION 


or 


T  =  la 
x 

a  =  — 
/ 


dco 

dt 


ciQ+b 

I 


dco  dO  _  ciQ  +  b 
dO  dt  I 


co  dco  =  |  a^±b-  )  dG  =  -GdG  +  -d9 
I  I  / 


Integrating 


co  8  -  8 

J  codco=  yj  QdG  +  yj  dG 


o 


/ 


CO  _  ad"  bG 

~2  7T+y 


CO  =  ,  - 


-  ( aG 2  +  2b0) 


CO  = 


■  (aG2  +  2  bG) 


MR' 


1  7 

/  =  —  MR2 

2 


EXAMPLE  8.24 


A  thin  uniform  rod  AB  of  mass  M  and  length  L  is 
hinged  at  one  end  A  to  the  horizontal  floor.  Initially 
it  stands  vertically.  It  is  allowed  to  fall  freely  in  a 
vertical  plane. 

(a)  What  is  the  angular  acceleration  of  the  rod  when 

it  is  at  an  angle  6  with  the  vertical? 

(b)  With  what  linear  speed  will  the  end  B  hit  the 

floor? 


SOLUTION 


(a)  The  entire  mass  of  the  rod  acts  at  its  centre  of 
mass  C.  AC  =  LI 2.  The  magnitude  of  the  torque 
due  to  weight  Mg  is  [Fig.  8.24] 

T  =  Mg  x  r± 


=  Mg  x  AD 


Mg  x  ^  sin  6 
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Moment  of  inertia  of  the  rod  about  A  is  /  = 


ML 


.  ,  ,  .  T  MgL  sin  0  X  3 

Angular  acceleration  a  =  —  =  - - — 

/  2  x  ML2 

3gsin0 


(b)  Find  the  magnitude  of  the  angular  momentum  of 
the  particle  about  O  at  this  time  t. 

dL 

(c)  Show  that,  in  this  example,  r  =  — 

dt 


SOLUTION 


(a)  The  torque  is  due  to  force  of  gravity  F  =  mg.  The 
magnitude  of  the  torque  of  F  about  O  is 
T  =  rF  sin  0  =  r  mg  sin0 

(  ■  -  x, 


rmg 


.•  sin  0  =  — 

r 


=>  T  =  mg  x0 

From  right  hand  rule,  the  direction  of  the  torque  is 
into  the  page  . 

(b)  The  magnitude  of  angular  momentum  about  O  is 
L  =  rp  sin0  =  rmv  sin0 

From  v  =  u  +  at  we  have  v  =  0  +  gt  =  gt.  Therefore 


(b)  When  the  end  B  hits  the  floor,  the  vertical  dis¬ 
tance  through  which  C  falls  is  LI 2.  From  the  law 
of  conservation  of  energy, 

Loss  in  P.E.  =  gain  in  K.E 


L  1  2  1 

Mgx  —  =  -I  co  =  - 

2  2  2 


(  ML ^ 


V 


ft)“ 


Linear  speed  of  end  B 


Leo  =  y/JgL 


EXAMPLE  8.25 


A  particle  of  mass  m  is  released  from  rest  at  point  P 
located  at  a  distance  x(]  from  origin  O  on  the  x-axis 
as  shown  in  Fig.  8.25.  It  falls  vertically  along  the 
negative  y-axis. 


Fig.  8.25 

(a)  Find  the  magnitude  and  direction  of  the  torque 
acting  on  the  particle  at  time  t  when  it  reaches 
point  Q  whose  position  vector  with  respect  to  O 


(c) 


L  = 


rmX  gt  x 


mg  x0t 


dL 

dt 


—  imgxo  t)  =  mgx0  =  t 
dt 


8.20  j  ROLLING  MOTION  WITHOUT  SLIPPING 


(1)  Total  Kinetic  Energy 

The  total  kinetic  energy  of  a  body  which  is  moving  as  well 
as  rotating  is  equal  to  the  sum  of  translational  K.E.  and 
rotational  K.E.,  i.e. 

1,1, 

K  =  -  mv  +  - 1 co" 

2  2 

where  m  =  mass  of  the  body,  v  =  linear  velocity  of  its 
centre  of  mass,  /  =  moment  of  inertia  of  the  body  about  an 
axis  passing  through  its  centre  of  mass  and  co  =  angular 
velocity  of  rotation. 

(2)  Instantaneous  Velocity  of  a  point  on  a  Rolling 
Body 

Consider  a  wheel  of  radius  R(=  AC  =  BC)  rolling  without 
slipping  on  a  horizontal  rough  surface  (Fig.  8.26). 


is  r. 


Fig.  8.26 
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Every  point  on  the  wheel  has  instantaneous  velocity. 
For  a  point  P  at  a  distance  r  from  the  centre  of  mass  C, 
the  instantaneous  velocity  is  the  vector  sum  of  velocity  v 
of  the  centre  of  mass  and  tangential  velocity  vt  of  point  P 
relative  to  the  centre  of  mass,  i.e. 

Vp  =  V  +  Y, 

where  vt  =  rco.  Vector  vt  is  directed  along  the  tangent  to  the 
circle  of  radius  r  about  C. 

For  point  A,  vt  =  Rco  and  v  =  rco.  Since  these  velocities 
are  in  the  same  direction,  the  instantaneous  velocity  of 
A  is 

vA  =  v  +  vt  =  Rco  +  Rco  =  2  Rco 
For  point  B  in  contact  with  the  horizontal  surface, 
vB  =  v  +  v,  =  Rco  -  Rco  =  0 

If  a  body  rolls  on  a  surface  without  slipping,  the  instan¬ 
taneous  velocity  of  the  point  of  contact  with  the  surface 
is  zero. 


(3)  A  body  Rolling  without  slipping  on  a  Rough 
Horizontal  surface 

Florizontal  force  F  is  applied  at  the  centre  of  mass  of  a 
body  (disc,  ring,  cylinder  or  sphere)  of  mass  Mand  radius 
R  (Fig.  8.27)  on  a  rough 
horizontal  surface.  If  /  is 
the  frictional  force,  and  the 
body  rolls  without  slipping 
Oqm  0 tR. 

F  -  f=  Macu  (i) 

T  =  fR  =  let 


la  _  /^cm 
R  R2 


GO 


Fig.  8.27 


From  (i)  and  (ii),  acceleration  of  centre  of  mass  is 

F 

aCM 


M  1  +  - 


I 


MR - 


and 


/  = 


F 


1  + 


MR 


2\ 


V 


1 

For  a  disc  /  =  —  MR 1 
2 


2  F 


aCM 


3  M 


For  a  ring  /  =  MR" 


aCM 


F 

2  M 


1  2 

For  a  solid  cylinder  /  =  —  MR 


aCM 


IF 
3  M 


For  a  hollow  cylinder  /  =  MR~ 


2  2 

For  a  solid  sphere  /  =  —  MR  = 

2  2 

For  a  hollow  sphere  /  =  —  MR 


"*CM 


aCU 


F 

2  M 
5  F 
1M 
3  F 


aCM 


5  M 


If  the  force  is  applied  tangentially  to  the  body  as  shown 
in  Fig.  8.28,  then 


aCM  _ 


and  /  = 


(4)  A  body  Rolling  without  slipping  on  a  Rough 
Inclined  Plane 


M  1 


MR- 


F  1- 


MRZ 


1  + 


MR1 


Abody  (ring,  disc,  cylinder  or  sphere)  of  mass  Mand  radius 
R  is  rolling  (without  slipping)  down  a  rough  inclined  plane 
of  inclination  6>(Fig.  8.29). 


For  linear  motion  parallel  to  the  plane 

Mg  sin  9  -  f=  Ma  (i) 

where  a  =  linear  acceleration  of  the  centre  of  mass. 

For  rotational  motion  about  the  axis  through  the  centre 
of  mass 

T  =  I  a 

=>  Rf  =  la  =>  f  =  —  =  ^  =  ( v  a  =  Ra) 

R  R~  (ii) 

/  is  the  moment  of  inertia  about  the  centre  of  mass. 
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Using  (i)  and  (ii),  we  get 

g  sin  9 

a  = 


1  + 


MR ‘ 


For  a  ring  1  =  MR" 


For  a  disc  /  =  —  MRr 
2 


a  = 


a  = 


1 


gsin0 
~2 

2gsin  9 


For  a  solid  cylinder  /  =  — MR 2  =>  a  =  - - - 


For  a  hollow  cylinder  /  =  MR 1  - 

2  2 

For  a  hollow  sphere  /  =  —  MR- - 
2 

For  a  solid  sphere  /  =  — 


gsin  9 

a  =  - 

2 

3 g  sin  9 


a  = 


a  = 


5 

5gsin  9 


Frictional  force  is  f=  — -  = 
Re¬ 


condition  for  rolling  without  slipping 

To  prevent  slipping,  /  <  pN,  where  p  is  the  coefficient 
of  static  friction  between  the  body  and  the  plane  and 
N  =  Mg  cos  9  is  the  normal  reaction. 

Flence  to  avoid  slipping, 


Mg  sm0 
2\ 


1  + 


MR 


Mg  sin0 


1  + 


MR - 


p  Mg  cos  9 


M  2 


tan0 


1  + 


MR 


2\ 


EXAMPLE  8.26 


I  A  solid  cylinder  of  mass  M  and  radius  R  is  released 
from  rest  from  top  A  of  an  inclined  plane  of  height  h 
and  inclination  9  as  shown  in  Fig.  8.30.  The  cylinder 
rolls  without  slipping.  Find  (a)  the  speed  at  which  it 
reaches  bottom  B  of  the  plane  and  (b)  the  time  it  takes 
to  reach  B. 


Fig.  8.30 


SOLUTION 


The  acceleration  of  the  cylinder  is 

gsinfl  _  2gsin0 


a  = 


1  + 


/ 


MR- 


1  7 

.■  I  = -MR2 

2 


Distance  travelled  is  s  =  AB  = 


sin  9 

(a)  Using  v 2  -  u 2  =  2 as,  we  have 

2  «  „  2  g  sin  9  h 

v  -  0  =  2  x  — -  x 


sin0 


v=  l4sh 


Speed  v  can  also  be  found  from  the  law  of  conserva¬ 
tion  of  energy.  As  the  cylinder  moves  from  A  to  B,  it 
loses  P.E.  and  gains  K.E. 

Loss  in  P.E.  =  gain  in  K.E. 


or 


Now 


1  7  1  , 

Mgh  =  -  =  Mv  +  -I  of 

I  =  —  MR2  and  a>  =  — .  Therefore 
2  R 

Mgh  =  —  Mv 2  +  —  x  —  MR2  x  ( — 
2  2  2  \R 

=  -  Mv2 
4 


^  =  l4Sh 


(b)  From  v  =  u  +  at,  we  have 


4gh  =  Q  +  2gsm9_t 
3  3 

1 


g  sin0 


EXAMPLE  8.27 


A  billiard  ball  has  mass  M=  250  g  and  radius 
R  =  2.5  cm  and  is 
initially  at  rest.  A  rod 
held  horizontal  at  a 
height  h  above  centre 
C  hits  the  ball.  The 
ball  begins  to  roll 
without  slipping.  Find 
the  value  of  h  [see  Fig. 

8.31],  Fjg  831 
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SOLUTION 


I  The  horizontal  force  F  imparts  a  linear  impulse 
7=|  Felt  =  change  in  linear  momentum 

=>  1  =  Mv  -  0  =  Mv  =  MRco  (i) 

where  v  is  the  velocity  of  the  centre  of  mass  of  the 
ball.  Since  it  rolls  without  slipping,  v  =  Rco,  where  CO 
is  the  angular  velocity. 

The  torque  due  to  F  imparts  an  angular  impulse 
J  =  I  h  =  change  in  angular  momentum 

=  loo  -  0  =  I co 


EXAMPLE  8.29 


A  uniform  rod  AB  of  length  L  =  1  m  is  sliding  along 
two  mutually  perpendicular  surfaces  OP  and  OQ  as 
shown  in  Fig.  8.32.  When  the  rod  subtends  an  angle 
0=30°  with  OQ,  the  end  B  has  a  velocity  V3  ms-1. 
Find  the  velocity  of  end  A  at  that  time. 


P 


Fig.  8.32 


Dividing  (ii)  by  (i) 

-MR2  co 

h  =  — - 

MRco 


2R 

5 


2  x  2.5  cm 
5 


=  1.0  cm 


EXAMPLE  8.28 


I  A  turntable  of  radius  R  =  10  m  is  rotating  making 
98  revolutions  in  10  s  with  a  boy  of  mass  m  =  60 
kg  standing  at  its  centre.  Fie  starts  running  along  a 
radius.  Find  the  frequency  of  the  turntable  when  the 
boy  is  4  m  from  the  centre.  The  moment  of  inertia  of 
the  turntable  about  its  axis  is  1000  kg  m2. 


SOLUTION 


OB  =  x,  OA  =  y  and  x2  +  y2  =  L2  and  x  =  L  cos  6 
Differentiating  x2  +  y2  =  L2  with  respect  to  t  we 
have 


2x 


dx  „  dy 
—  +2 y  — =  0 
dt  '  dt 


vA 


2xvb  +  2yvA  =  0 
x 

-  ~  VB 

y 


x 

—  vB  =  vB  cot  0 

y 


=  -\/3  x  cot  30° 


SOLUTION 


■  Initial  moment  of  inertia  of  the  system  is 

Mx  =  M.I.  of  turntable  +  M.I.  of  boy  at  the  centre 
=  1000  +  0  =  1000  kg  m2 

Initial  frequency  V,  =  9.8  rev/sec 
Final  moment  of  the  system  is 

M2  =  M.I.  of  turntable  +  M.I.  of  boy  at  a  distance  4  m 
from  the  centre  of  turn  table 

=  1000  +  60  x  (4)2  =  1960  kg  m2 


Since  no  external  torque  acts,  the  angular  momentum 
of  the  system  is  conserved,  i.e. 

I2co2  ■-  /,«,  =>  I2v2  =  / ,  v. 


7.  Vi  1000x9.8 
v2  =  1 -  =  - — —  =  5  rev/s 


1960 


=  5  Hz 


=  V3  x  — ==  1  ms 

V3 


EXAMPLE  8.30 


A  rope  is  wound  around  a  hollow  cylinder  of  mass  M 
=  3  kg  and  radius  R  =  40  cm.  If  the  rope  is  pulled  with 
a  force  F  =  30  N,  find  (a)  the  angular  acceleration 
of  the  cylinder  and  (b)  the  linear  acceleration  of  the 
rope. 


SOLUTION 


For  a  hollow  cylinder  /  =  MR2 

(a)  Torque  on  cylinder  is  T  =  FR  =>  la  -  FR. 
Therefore 

_  FR  _  FR  _  F  30 
7  MR2  MR  3x0.4 

=  25  rad  s~2 
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(b)  Linear  acceleration  of  rope  is 

a  =  Ra  =  0.4  x  25  =  10  ms~2 


EXAMPLE  8.31 


I  A  uniform  rod  AB  of  mass  M  =  0.4  kg  and  length 
i=lm  lies  on  a  horizontal  frictionless  table  with  its 
end  A  pivoted  to  the  table.  A  ball  of  mass  rn  =  0.2  kg 
moving  along  the  surface  of  the  table  with  velocity 
u  =  4  ms-1  perpendicular  to  the  rod  collides  with  the  free 
end  B  of  the  rod.  If  the  collision  is  elastic,  find  (a)  the 
velocity  of  the  ball  immediately  after  the  collision  and 
(b)  the  angular  velocity  of  the  rod  after  collision. 


SOLUTION 


Refer  to  Fig.  8.33. 

- - L - 

A\- 


Before  collision 


16  A\Z 
iu 


Fig.  8.33 


]B 


,xv 

IT 

After  collision 


(a)  Let  v  be  the  velocity  of  the  ball  just  after  col¬ 
lision.  Since  the  collision  is  perfectly  elasitc, 
e  =  1,  i.e. 

Velocity  of  approach  =  velocity  of  separation 
or  u  =  coL  -  v 


co  = 


u  +  v 


(i) 


Since  there  is  no  external  torque,  the  angular 
mementum  about  A  is  conserved,  i.e. 
mu  L  =  mvL  +  Id) 


=  MvL  + 


ML 


co 


CO  = 


3  (u  -  v)m 
ML 

From  (i)  and  (ii),  we  get 
(  3m  —  Ml 


v  = 


\3m  +  M 
f  3x02- 


0.4 


y3  x  0.2  +  0.4 ) 
(b)  Using  (iii)  in  (i),  we  get 
6  mu 

co  =  - 

(3  m  +  M)  L 

6  x  0.2  x  4 


(ii) 

(iii) 

x  4  =  0.8  ms-1 


(3  x  0.2  +  0.4)  x  1 


■  =  4.8  rad  s 


EXAMPLE  8.32 


A  uniform  rod  AB  of  mass  M  and  length  L  is  hinged 
at  one  end  A.  It  is  released  from  rest  at  a  horizontal 
position.  Find  the  angular  acceleration  of  the  rod  and 
the  linear  acceleration  of  its  centre  of  mass  as  it  falls. 


SOLUTION 


Refer  to  Fig.  8.34. 


A  E 


Centre  of  mass 


US 


^ _ L _ 

'  2 

Mg 

Fig.  8.34 

L  MvL 

Torque  about  A  =  Mg  x  —  =>  la  = 


or 


a  = 


MgL  _  3 g 


v  1  = 


ML 


2  A 


21  2  L 

v 

Linear  acceleration  of  centre  of  mass  is 

L  L  3g  3g 

afy  =  —  x  a  =  —  x  —  =  — 

CM  2  2  2L  4 


i  TRANSLATIONAL  AND  ROTATIONAL 
8  2 1  |  EQUILIBRIUM _ 

A  body  is  said  to  be  in  equilibrium  if  its  state  of  motion 
does  not  change  with  time. 

Translational  Equilibrium 

A  body  is  in  translational  equilibrium  if  the  total  force 
acting  on  it  is  zero;  the  total  force  is  equal  to  the  vector  sum 
(resultant)  of  the  individual  forces  acting  on  the  body, 
i.e. 

F  total  =  F1  +  F2  +  •••  +  F„ 

If  a  body  is  in  translational  equilibrium,  the  linear 
momentum  does  not  change  with  time,  i.e.  p  =  constant 

Rotational  Equilibrium 

A  body  is  in  rotational  equilibrium  if  the  total  torque 
acting  on  the  body  is  zero;  the  total  torque  is  equal  to  the 
vector  sum  of  the  individual  torques  acting  on  the  body, 
i.e. 


If  the  body  is  in  rotational  equilibrium,  the  angular 
momentum  about  the  axis  of  rotation  does  not  change  with 
time,  i.e.  L  =  constant 
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Consider  a  uniform  rigid  rod  AB  of  negligible  mass. 
Two  parallel  forces  of  equal  magnitude  F  are  applied 
perpendicular  to  the  rod  at  ends  A  and  B  as  shown  in  Fig. 
8.35(a).  Let  C  be  the  mid-point  of  rod. 


Fig.  8.35 

Taking  the  anticlockwise  torque  to  be  positive  and 
clockwise  torque  to  be  negative,  anticlockwise  torque 
about  C  =  Fa  and  clockwise  torque  about  C  =  -  Fa. 
Total  torque  about  C  =  Fa  -  Fa  =  0.  Total  Force  =  F  +  F 
=  2 F.  Lienee  the  rod  is  in  rotational  equilibrium  but  not  in 
translational  equilibrium. 

If  the  forces  act  in  opposite  directions  as  shown  in 
Fig.  8.34(b),  total  torque  =  Fa  +  Fa  =  2 Fa  and  total  force 
=  F  —  F=  0.  Hence,  in  this  case,  the  rod  is  in  translational 
equilibrium  but  not  in  rotational  equilibrium. 

A  pair  of  equal  and  opposite  forces  having  different 
lines  of  action  is  known  as  a  couple.  A  couple  produces 
a  torque  which  produces  rotation  without  translation.  For 
example,  opening  the  cap  of  a  bottle  or  opening  a  tap. 
Torque  is  also  called  moment  of  force. 

Principle  of  Moments 

Consider  a  unifonn  rod  AB  of  negligible  mass  pivoted 
at  a  point  along  its  length  as  shown  in  Fig.  8.36.  Forces 
F j  and  F2  act  at  ends  A  and  B  are  such  that  the  rod  is  in 
translational  as  well  as  rotational  equilibrium.  Let  R  be  the 
normal  reaction  of  the  pivot. 


R 


Fig.  8.36 


For  translational  equilibrium  Ftotal  =  0  =>  R  Fx  -  F2  =  0 
For  rotational  equilibrium  rtotal  =  0  =>  F1  a1  -  F2a2  =  0 
or  F2a2  =  Fxax 

i.e.  anticlockwise  torque  =  clockwise  torque. 

This  is  the  principle  of  moments. 


A  uniform  metal  bar  AB  of  length  1 00  cm  and  mass 
M=  2kg  is  supported  on  two  knife-edges  placed  20  cm 
from  each  end.  A  mass  of  m  =  3kg  is  suspended  at 
a  distance  of  40  cm  from  end  A.  Find  the  normal 
reactions  at  the  knife-edges.  Take  g  =  10  ms~2. 


Fig.  8.37 

Let  R j  and  R2  be  the  normal  reaction  at  Kx  and  K2. 
The  rod  is  in  translational  as  well  as  rotational  equi¬ 
librium. 

For  translational  equilibrium,  Ftotal  =  0,  Hence 
mg  +  mg  -  R\  —  R2  =  0 

=>  +  R2  =  (m  +  m)g  =  (3  +  2)  x  10  =  50  N  (i) 

For  rotational  equilibrium,  Ttotal  =  0,  Hence 

Clockwise  moment  about  G  =  anticlockwise  moment 

about  G 

=}  Rlx(KlG)=R2  ( K2G )  +  mg  x  (PG) 

=>  x  30  =  R2  x  30  +  3  x  10  x  10 
=>  R  j  =  R2  +  1 0 

=>  Rl  —  R2  =  10  (ii) 

From  Eqs.  (i)  and  (ii)  we  get  i?,  =  30  N  and  R2  =  20  N 


A  uniform  rod  AB  of  length  1.0  m  and  mass  5.0  kg 
leans  on  a  frictionless  vertical  wall  and  a  rough  hori¬ 
zontal  floor  with  end  B  touching  the  wall  and  end  A 
at  a  distance  of  40  cm  from  the  wall  as  shown  in  Fig. 
8.38(a)  Find 
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(a)  Normal  reaction  of  the  wall  and  normal  reaction 
of  the  floor, 

(b)  the  frictional  force  at  end  A, 

(c)  the  coefficient  of  friction  between  the  floor  and 
end  A,  and 

(d)  the  reaction  force  at  A. 


(a) 


For  translational  equilibrium,  Ftotal  =  0.  Hence 
R  |  =  /  (horizontal  direction) 

and  R2  =  Mg  (vertical  direction) 

For  rotational  equilibrium,  Ttotal  =  0.  Hence  clock¬ 
wise  moment  about  A  =  anticlockwise  moment 
about  A 

=>  Rl  x  BC  =  R2  x  0  +  Mg  x  AD  +/x  0 

=>  R1  x  0.92  =  Mg  x  0.2  =  5  x  10  x  0.2  =  10 

=>  R{  =  10.9  N 

Also  R2  =  Mg  =  5  x  10  =  50  N 

[Note  that  the  perpendicular  distance  between  R2 
and  the  axis  of  rotation  at  A  is  zero  and  perpen¬ 
dicular  distance  off  from  the  axis  of  rotation  at 
A  is  also  zero] 


Fig.  8.38 


SOLUTION 


Refer  to  Fig.  8.38(b).  AB  =  1.0  m,  AG  =  BG  =  0.5  m, 
AC  =  0.4m.  G  is  the  centre  of  mass  of  the  rod. 

BC  =  \I(AB)2  -(AC)2  =  VC  1.0)2  -(0.4)2  =  0.92  m 

The  forces  acting  on  the  rod  are 

(i)  normal  reactions  Rt  and  R2  at  B  and  A 


(b)  Frictional  force/=i/  =  10.9  N 

(c)  Coefficient  of  friction  between  the  floor  and 
end  A  is 


B 


R, 


10.9 


=  0.22 


(d)  The  reaction  force  F  at  A  is  the  resultant  of  / 
and  R0 


F  = 


A 


2 +R2 


=  V(  10.9)2+(50)2  =  51.2  N 


(ii)  weight  Mg  of  rod  acting  at  G  and 

(iii)  frictional  force/between  the  floor  and  end  A  of 
the  rod. 

(a)  Since  the  frictional  force / prevents  the  rod  from 
sliding  away  from  the  wall,  force  / must  be  di¬ 
rected  towards  the  wall. 


NOTE 


At  end  B,  reaction  force  =  normal  reaction  Rx  because 
the  wall  is  frictionless. 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  gun  of  mass  Mis  initially  at  rest  on  a  horizontal 
frictionless  surface.  It  fires  a  bullet  of  mass  m  with 
a  velocity  v  at  an  angle  6  with  the  horizontal.  After 
firing,  the  centre  of  mass  of  the  gun-bullet  system 
(a)  moves  with  a  velocity  mvIM  opposite  to  the 
direction  of  motion  of  the  bullet. 


(b)  moves  with  a  velocity  mv  cos  9/M  in  the 
horizontal  direction 

(c)  moves  with  a  velocity  mv  sin  61 M  in  the 
horizontal  direction 

(d)  remains  at  rest 
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2.  A  thin  uniform  circular  disc  has  a  radius  R.  A  square 
portion  of  diagonal  equal  to  R  is  cut  out  from  it. 
The  distance  between  the  centre  of  mass  of  the  re¬ 
maining  portion  of  the  disc  from  the  centre  of  the 
complete  disc  is 


R 


(a) 

2k 

(b) 

(c) 

R 

(d) 

(2k  + 1) 

R 


(2  n  - 1) 
R 


2(2ti  - 1) 

3.  A  carpet  of  mass  Mis  rolled  along  its  length  in  the 
form  of  a  cylinder  of  radius  R  and  kept  on  a  rough 
floor.  If  the  carpet  is  unrolled,  without  sliding,  to  a 
radius  R/2,  the  decrease  in  potential  energy  is 


(a)  \ 

(c)  C 


MgR 


MgR 


(b)  —MgR 
(d)  l  MgR 


4.  A  ring  of  radius  r  has  its  mass  non-uniformly 
distributed  over  its  circumference  with  centre  at 
the  origin.  If  x  is  the  distance  of  the  centre  of  mass 
of  the  ring  from  its  centre,  then 

(a)  x  =  r  (b)  x  <  r 

(c)  x  >  r  (d)  0  <  x  <  r  A 

5.  Two  particles  of  equal  mass  have  velocities  vx  =  a  i 
and  v2  =  a  j  .  The  acceleration  of  first  particle  is 

A  A 

a,  =  b  (i  +  j)  where  a  and  b  are  constants.  If  the 
acceleration  of  the  second  particle  is  zero,  the  cen¬ 
tre  of  mass  of  the  two  particles  moves  along  a 
(a)  straight  line  (b)  circle 

(c)  ellipse  (d)  parabola 

A  solid  sphere,  released  from  rest  from  the  top  of 
an  inclined  plane  of  inclination  9X,  rolls  without 
sliding  and  reaches  the  bottom  with  speed  Vj  and 
its  time  of  descent  is  t1.  The  same  sphere  is  then 
released  from  rest  from  the  top  of  another  inclined 
plane  of  inclination  d2  but  of  the  same  height,  rolls 
without  sliding  and  reaches  the  bottom  with  speed 
v2  and  its  time  of  descent  is  t2.  If  02  >  6i ,  then 
(a)  Vo 


6. 


,2  > 


Vo  =  V , 


2  <  ^ 


V : 

Vo  =  V 


h  <  h 
h  <  h 
h  >  h 
h  =  h 


7. 


(b) 

(c) 

(d) 

The  moment  of  inertia  of  a  uniform  rod  of  mass 
M  and  length  L  about  an  axis  passing  through  its 
centre  and  inclined  to  it  at  an  angle  9  =  60°  is 

ML 2  .. .  ML 2 


(a) 


(b) 


(c) 


ML 

12 


(d) 


ML 

l6~ 


8.  A  solid  cylinder  of  mass  M  and  radius  R  is  rolling 
without  slipping  on  a  horizontal  plane  with  a  speed 
v.  It  then  rolls  up  an  inclined  plane  of  inclination  6 
to  a  maximum  height  given  by 

v2  v2 

(a)  —  (b)  —  sin  9 

2  g  2  g 


3v2 

(d)  - sin  9 

4  g 


9.  A  uniform  rod  AB  of  mass  m  and  length  L  is  sus¬ 
pended  by  two  strings  C  and  D  of  negligible  mass 
as  shown  in  Fig.  8.39.  When  string  D  is  cut,  the 
tension  in  string  C  will  be 


(a)  —  (b)  mg 

(c)  2  mg  (d)  4  mg 


///////////A 

y////////////////////////////////////////////////// 

C 

A 

D 

B 

Fig.  8.39 


10.  A  body  of  mass  m  is  projected  with  a  velocity  u  at 
an  angle  of  60°  with  the  horizontal.  The  magnitude 
of  the  angular  momentum  about  the  point  of  pro¬ 
jection  when  the  body  is  at  the  highest  point  of  its 
trajectory  is 


mi?  2  mi? 


(a) 

2g3 

(b) 

5  g 

3  mu 

3 

nm 

(c) 

16  g 

(d) 

4  g 

11.  A  cubical  block  of  side  L  and  mass  m  rests  on  a 
rough  horizontal  surface.  A  horizontal  force  F  is 
applied  normal  to  one  of  its  faces  at  a  point  that  is 
directly  above  the  centre  of  the  face  at  a  height  2  A/3 
above  the  base.  The  minimum  force  F  required  to 
topple  the  block  before  sliding  is 


(a)  2mg 

3 

<b)  3mg 

2 

(a)  3mg 

4 

(d)  Ams 

3 

If  the  earth  were 

to  suddenly  contract  to  half  its 

present  size,  without  any  change  in  its  mass,  the 
duration  of  the  new  day  will  be 

(a)  6  hours 

(b)  12  hours 

(c)  18  hours 

(d)  30  hours 
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13.  A  circular  ring  of  mass  M  and  radius  R  is  rotating 
about  its  axis  at  an  angular  frequency  co.  Two 
blocks,  each  of  mass  m,  are  gently  placed  on 
the  opposite  ends  of  a  diameter  of  the  ring.  The 
angular  frequency  of  the  ring  becomes  co'.  The  ratio 
co' Ico  is 


(a) 

(c) 


M 

(M  +  2m) 

2m 

M 


2  M 

(b)  (M  +  2m) 


(d) 


M 

2m 


14.  A  solid  sphere  rolls  down  from  the  top  of  an  in¬ 
clined  plane.  Its  velocity  on  reaching  the  bottom  of 
the  plane  is  v.  When  the  same  sphere  slides  down 
from  the  top  of  the  plane,  its  velocity  on  reaching 
the  bottom  is  v'.  The  ratio  v'lv  is 


15.  A  circular  disc  is  rolling  down  an  inclined  plane 
without  slipping.  If  the  angle  of  inclination  is  30°,  the 
acceleration  of  the  disc  down  the  inclined  plane  is 


(a)  g  (b)  | 

g  V2 

(O  f  M  T  * 


16.  A  block  of  mass  M  is  released  from  the  top  of  an 
inclined  plane.  Its  velocity  on  reaching  the  bottom 
of  the  plane  is  v.  A  circular  disc  of  the  same  mass 
M  rolls  down  the  incline  plane  from  the  top.  Its 
velocity  on  reaching  the  bottom  is  v'.  The  ratio 


I 

2x/2 


v'lv  will  be 

(a)  7? 

(b) 

(c)  1 

(d) 

17.  Two  circular  loops  A  and  B  of  radii  R  and  2 R 
respectively  are  made  of  the  same  wire.  Their 
moments  of  inertia  about  the  axis  passing  through 
the  centre  and  perpendicular  to  their  plane  are  IA  and 
IB  respectively.  The  ratio  IAHB  is 


(a)  1 

(b) 

<c)  i 

(d) 

18.  A  small  coin  is  placed  at  a  distance  r  from  the  centre 
of  a  gramophone  record.  The  rotational  speed  of 
the  record  is  gradually  increased.  If  the  coefficient 


of  friction  between  the  coin  and  the  record  is  iu, 
the  minimum  angular  frequency  of  the  record  for 
which  the  coin  will  fly  off  is  given  by 


19.  In  Q.18,  what  would  be  the  minimum  angular 
frequency  at  which  two  identical  coins,  placed 
one  on  top  of  the  other,  at  the  same  location  on  the 
record,  will  fly  off? 


(a)  M 

V  r 

(o  iM 

V  r 

•a,  2^ 

Three  particles,  each  of  mass  m,  are  placed  at  the 
corners  of  a  right  angled  triangle  as  shown  in  Fig. 

8.40.  If  OA  =  a  and  OB  = 

b,  the  position  vector  of 

the  centre  of  mass  is  (here  i  and  j  are  unit  vectors 
along  x  andy  axes  respectively). 

(a)  -  (a\  +  bj) 

(b)  -  (cA  -  bj) 

(c)  |  (a\  +  bj) 

(d)  |  (a\  -  bj) 

y  * 
1 


Fig.  8.40 


21.  A  sphere  of  mass  M  and  Radius  R  is  released  from 
the  top  of  an  inclined  plane  of  inclination  9.  The 
minimum  coefficient  of  friction  between  the  plane 
and  the  sphere  so  that  it  rolls  down  the  plane  without 
sliding  is  given  by 


(a)  iu  =  tan  9 

2 

(c)  fu  =  —  tan  9 


(b)  ju  =  —  tan  9 


(d)  H  =  —  tan  9 


22.  Three  thin  metal  rods,  each  of  mass  M  and  length 
L,  are  welded  to  form  an  equilateral  triangle.  The 
moment  of  inertia  of  the  composite  structure  about 
an  axis  passing  through  the  centre  of  mass  of  the 
structure  and  perpendicular  to  its  plane  is 
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.  .  ML2 

(b) 

ML2 

a  -TT- 

2 

4 

x  ML2 

(d) 

ML2 

(c  -5“ 

12 

8 

Four  thin  metal  rods,  each  of  mass  Mand  length  L, 

are  welded  to  fonn  a  square  ABCD  as  shown  in  Fig. 

8.41 .  What  is  the  moment  of  inertia  of  the  composite 

structure  about  a  line  which  bisects  rods  AB  and  CD 

and  perpendicular  to  the  plane  of  the  structure? 

ML2 

ML2 

(a  — 

(b) 

6 

3 

ML2 

(c) 

(d) 

2  ML2 

2 

3 

D 

1  .Axis  of  rotation 

_ _ 

1  F  2 

1 

1 

1 

1 

3  1  4 

1 

1 

V 

A 

1 

1 

1 

1 E  1 

B 

Fig.  8.41 


24  .  A  thin  uniform  metallic  triangular  sheet  of  mass 
M  has  sides  AB  =  BC  =  L.  What  is  its  moment  of 
inertia  about  axis  AC  lying  in  the  plane  of  the  sheet? 
(Fig.  8.42) 


(a) 


(b) 


(c) 


(d) 


ML~ 

12 

ML 2 


ML " 


2  ML1 


25.  A  solid,  homogeneous  sphere  of  mass  Mand  radius 
R  is  moving  on  a  rough  horizontal  surface,  partly 
rolling  and  partly  sliding.  During  this  kind  of 
motion  of  the  sphere 

(a)  total  kinetic  energy  is  conserved 

(b)  the  angular  momentum  of  the  sphere  about  the 
point  of  contact  with  the  plane  is  conserved 

(c)  only  the  rotational  kinetic  energy  about  the 
centre  of  mass  is  conserved 

(d)  the  angular  momentum  about  the  centre  of 
mass  is  conserved. 


26.  /j ,  I 2,  /3  and  I4  are  respectively  the  moments  of  inertia 
of  a  thin  square  plate  ABCD  of  unifonn  thickness 
about  axes  1,  2,  3  and  4  which  are  in  the  plane  of 
the  plate  (Fig.  8.43).  The  moment  of  inertia  of  the 
plate  about  an  axis  passing  through  thecentre  O  and 
perpendicular  to  the  plane  of  the  plate  is 

(a)  2(/j  +  I2)  (b)  2 (/3  +  I4) 

(c)  /,  +  /3  (d)  /,  +  /2  +  /3  +  /4 

<  IIT,  1992 


Fig.  8.43 

27.  The  speed  of  a  homogeneous  solid  sphere  after  roll¬ 
ing  down  an  inclined  plane  of  vertical  height  h, 
from  rest  without  sliding  is 


(a) 

(b) 

4gh 

(c) 

(d) 

'll** 

28.  If  a  sphere  is  rolling,  the  ratio  of  its  rotational 
energy  to  the  total  kinetic  energy  is  given  by 

(a)  7  :  10  (b)  2  :  5 

(c)  10  :  7  (d)  2  :  7 

29.  A  cart  of  mass  Mis  tied  at  one  end  of  a  massless 
rope  of  length  10  m.  The  other  end  of  the  rope  is  in 
the  hands  of  a  man  of  mass  M.  The  entire  system 
is  on  a  smooth  horizontal  surface.  The  man  is  at 
x  =  0  and  the  cart  at  x  =  10  m.  If  the  man  pulls  the 
cart  by  the  rope,  the  man  and  the  cart  will  meet  at 
a  point 

(a)  x  =  0 

(b)  x  =  5  m 

(c)  x  =  10  m 

(d)  they  will  never  meet. 

30.  A  mass  m  is  moving  with  a  constant  velocity  along 
a  line  parallel  to  the  x-axis,  away  from  the  origin.  Its 
angular  momentum  with  respect  to  the  origin 
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(a)  is  zero  (b)  remains  constant 

(c)  goes  on  increasing  (d)  goes  on  decreasing. 

<  IIT,  1997 

31.  Let  /  be  the  moment  of  inertia  of  a  uniform  square 

plate  about  an  axis  AB  that  passes  through  its  centre 
and  is  parallel  to  two  of  its  sides.  CD  is  a  line  in  the 
plane  of  the  plate  that  passes  through  the  centre  of  the 
plate  and  makes  an  angle  0  with  AB.  The  moment  of 
inertia  of  the  plate  about  the  axis  CD  is  then  equal  to 
(a)  /  (b)  /  sin2  9 

(c)  /  cos2  6  (d)  /  cos2 

HUT,  1998 

32.  A  smooth  sphere  A  is  moving  on  a  frictionless 
horizontal  surface  with  angular  speed  co  and  centre 
of  mass  velocity  v.  It  collides  elastically  and  head- 
on  with  an  identical  sphere  B  at  rest.  Neglect  friction 
everywhere.  After  the  collision,  their  angular  speeds 
are  coA  and  coB  respectively.  Then 

(a)  coA  <  coB  (b)  coA  =  coB 

(c)  (oA  =  co  (d)  (oB  =  co 

<  IIT,  1999 

33.  A  disc  of  mass  M  and  radius  R  is  rolling  with 
angular  speed  co  on  a  horizontal  plane  as  shown  in 
Fig.  8.44.  The  magnitude  of  angular  momentum  of 
the  disc  about  the  origin  O  is 


Fig.  8.44 


(a) 

-  MR2  co 

2 

(b)  MR2co 

(c) 

-  MR2  co 

(d)  2  MR2  co 

2 

<  IIT,  1999 

34.  A  cubical  block  of  side  a  is  moving  with  a  velocity 
v  on  a  horizontal  smooth  plane  as  shown  in 
Fig.  8.45.  It  hits  a  ridge  at  point  O.  The  angular 
speed  of  the  block  after  it  hits  the  ridge  at  O  is 


2>v 

2>v 

(a) 

4  a 

(b) 

2  a 

\l3v 

(c) 

42  a 

(d) 

zero 

<  IIT,  1999 


///////////////////////// 

Fig.  8.45 

35.  A  thin  wire  of  length  L  and  uniform  linear  mass 
density  p  is  bent  into  a  circular  loop  with  centre  at 
O  as  shown  in  Fig.  8.46.  The  moment  of  inertia  of 
the  loop  about  the  axis  XX'  is 


(a) 


pL3 


(b) 


_P £_ 

167t2 


Fig.  8.46 

36.  A  tube  of  length  L  is  filled  completely  with  an 
incompressible  liquid  of  mass  M  and  closed  at  both 
the  ends.  The  tube  is  then  rotated  in  a  horizontal  plane 
about  one  of  its  ends  with  a  unifonn  angular  velocity 
(0.  The  force  exerted  by  the  liquid  at  the  other  end  is 


(a) 


(c) 


M  co"  L 


M  co"  L 


(b)  M  or  L 


(d) 


McscJ} 


HUT,  1992 

37.  An  equilateral  triangle 
ABC  formed  from  a 
uniform  wire  has  two 
small  identical  beads 
initially  located  at^4.  The 
triangle  is  set  rotating 
about  the  vertical  axis 
AO.  Then  the  beads 
are  released  from  rest 
simultaneously  and 
allowed  to  slide  down, 
one  along  AB  and  the 
other  along  AC  as  shown  in  Fig.  8.47.  Neglecting 
frictional  effects,  the  quantities  that  are  conserved 
as  the  beads  slide  down,  are 
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(a)  angular  velocity  and  total  energy  (kinetic  and 
potential). 

(b)  total  angular  momentum  and  total  energy. 

(c)  angular  velocity  and  moment  of  inertia  about 
the  axis  of  rotation. 

(d)  total  angular  momentum  and  moment  of 
inertia  about  the  axis  of  rotation. 

<  IIT,  2000 

38.  A  cubical  block  of  side  L  rests  on  a  rough  horizontal 
surface  with  coefficient  of  friction  f.1.  A  horizontal 
force  F  is  applied  on  the  block  as  shown  in  Fig. 
8.48.  If  the  coefficeint  of  friction  is  sufficiently  high 
so  that  the  block  does  not  slide  before  toppling,  the 
minimum  force  required  to  topple  the  block  is 

(a)  infinitesimal  (b)  mg/4 

(c)  mg/2  (d)  mg(\  —  ji) 

<  IIT,  2000 


L 

A 


Fig.  8.48 


39.  The  angular  velocity  of  a  body  changes  from  (Ox  to 
a>2  without  applying  a  torque  but  by  changing  the 
moment  of  inertia  about  its  axis  of  rotation.  The 
ratio  of  the  corresponding  radii  of  gyration  is 


(a)  ©j  :  ft>2  (b)  :^/m2 

(c)  yjco 2  ■  \[(0\  (d)  ftp  :  ®1 

40.  A  thin  uniform  rod  AB  of  mass  m  and  length  L  is 
hinged  at  one  end  A  to  the  level  floor.  Initially  it 
stands  vertically  and  is  allowed  to  fall  freely  to  the 
floor  in  the  vertical  plane.  The  angular  velocity  of 
the  rod  when  its  end  B  strikes  the  floor  is: 

/  \l/2 


(a) 

mg_ 

L 

(b) 

mg 
[  3  L 

(c) 

g_ 

(d) 

(f 

L 

V  L  y 

1/2 


41.  Moment  of  inertia  of  uniform  horizontal  solid 
cylinder  of  mass  M  about  an  axis  passing  through 
its  edge  and  perpendicular  to  the  axis  of  the 
cylinder  when  its  length  is  6  times  its  radius  R  is: 


(a) 

2,9  MR2 

(b) 

39  MR 

4 

4 

(c) 

49  MR 

(d) 

49  MR2 

4 

4 

42.  If  A  is  the  areal  velocity  of  a  planet  of  mass  M,  its 
angular  momentum  is 


(a)  M  (b)  2 MA 

(c)  A2M  (d)  AM2 

43.  One  end  of  a  thin  unifonn  rod  of  length  L  and  mass 
M|  is  rivetted  to  the  centre  of  a  uniform  circular 
disc  of  radius  V  and  mass  M2  so  that  both  are 
coplanar.  The  centre  of  mass  of  the  combination 
from  the  centre  of  the  disc  is: 

(Assume  that  the  point  of  attachment  is  at  the  origin) 


(a) 


(c) 


L(MX+M2) 

2Mj 

2  (Ml+M2) 
LM , 


(b) 


(d) 


LM , 


2  (Mj  +M2) 


2  LM, 


i  j  (A/j  +  M2 ) 

44.  Two  circular  loops  A  and  B  of  radii  rA  and  rB  respec¬ 
tively  are  made  from  a  uniform  wire.  The  ratio  of 
their  moments  of  inertia  about  axes  passing  through 
their  centres  and  perpendicular  to  their  planes  is 


—  =8,  then 
1a 

(a)  2 
(c)  6 


\rA) 


is  equal  to 

(b)  4 
(d)  8 


45.  A  body  of  mass  ‘m’  is  tied  to  one  end  of  a  spring  and 
whirled  round  in  a  horizontal  plane  with  a  constant 
angular  velocity.  The  elongation  in  the  spring  is  one 
centimeter.  If  the  angular  velocity  is  doubled,  the 
elongation  in  the  spring  is  5  cm.  The  original  length 
of  the  spring  is: 

(a)  16  cm  (b)  15  cm 

(c)  14  cm  (d)  13  cm 


46.  A  particle  performs  unifonn  circular  motion  with 
an  angular  momentum  L.  If  the  angular  frequency 
of  the  particle  is  doubled,  and  kinetic  energy  is 
halved,  its  angular  momentum  becomes: 

(a)  4 L  (b)  2 L 

(c)  L  (d)  L 

2  4 

47.  A  uniform  rod  of  length  1  metre  is  bent  at  its  mid¬ 
point  to  make  90°  angle.  The  distance  of  the  centre 
of  mass  from  the  centre  of  the  rod  is 


(a)  36.1  cm  (b)  25.2  cm 

(c)  17.7  cm  (d)  zero 

48.  A  mass  is  whirled  in  a  circular  path  with  constant 
angular  velocity  and  its  angular  momentum  is  L.  If 
the  string  is  now  halved  keeping  the  angular  veloc¬ 
ity  the  same,  the  angular  momentum  is 

(a)  k  (b)  k 

4  2 

(c)  L  (d)  2 L 
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49.  A  solid  sphere  is  rotating  in  free  space.  If  the  ra¬ 
dius  of  the  sphere  is  increased,  keeping  its  mass 
the  same,  which  one  of  the  following  will  not  be 
affected? 

(a)  Moment  of  inertia 

(b)  Angular  momentum 

(c)  Angular  velocity 

(d)  Rotational  kinetic  energy 

50.  A  solid  sphere  is  rotating  about  its  diameter.  Due  to 
increase  in  room  temperature,  its  volume  increases 
by  0.5%.  If  no  external  torque  acts,  the  angular 
speed  of  the  sphere  will 

(a)  increase  by  nearly  —  % 

(b)  decrease  by  nearly  -  % 

(c)  increase  by  nearly  —  % 

2 

(d)  decrease  by  nearly  —  % 


51.  The  height  of  a  solid  cylinder  is  four  times  its  radi¬ 
us.  It  is  kept  vertically  at  time  t  =  0  on  a  belt  which 
is  moving  in  the  horizontal  direction  with  a  velocity 
v  =  2.45  r  where  v  is  in  ms-1  and  t  is  in  second.  If 
the  cylinder  does  not  slip,  it  will  topple  over  at  time 
t  equal  to 

(a)  Is  (b)  2  s 

(c)  3  s  (d)  4  s 

52.  A  circular  portion  of  diameter  R  is  cut  out  from  a 
uniform  circular  disc  of  mass  M  and  radius  R  as 
shown  in  Fig.  8.49.  The  moment  of  inertia  of  the 
remaining  (shaded)  portion  of  the  disc  about  an  axis 
passing  through  the  centre  O  of  the  disc  and  per¬ 
pendicular  to  its  plane  is 


(a)  —  MR2 
32 

(c)  —  MR2 
32 


(b)  —  MR2 
16 

(d)  -  MR2 
8 


Cut  out  circular 
portion 


53.  A  smooth  unifonn  rod  of  length  L  and  mass  M  has 
two  identical  beads  of  negligible  size,  each  of  mass 
»7,  which  can  slide  freely  along  the  rod.  Initially  the 


two  beads  are  at  the  centre  of  the  rod  and  the  system 
is  rotating  with  angular  velocity  co0  about  its  axis 
perpendicular  to  the  rod  and  passing  through  its 
mid  point  (see  Fig.  8.50).  There  are  no  external 
forces.  When  the  beads  reach  the  ends  of  the  rod, 
the  angular  velocity  of  the  system  is 


(a) 

M(Oq 

(b) 

Mcq0 

M  +  3  m 

M  +  6  m 

(c) 

(M  +  6m)  co0 

(d) 

®o 

Hut,  1988 


Bead  — j 

1 

1 

| —  Bead 

1  (7 

T)  1 

1.  L 

L  4 

'  2 

c 

2  ' 

J^COq 

Fig.  8.50 


54.  Two  particles  A  and  B.  initially  at  rest,  move  towards 
each  other  under  a  mutual  force  of  attraction.  At  the 
instant  when  the  speed  of  A  is  V  and  that  of B  is  2  V, 
the  speed  of  the  centre  of  mass  of  the  system  is 

(a)  0  (b)  V 

(c)  1.5V  (d)  3V 

<  IIT,  1982 

55.  One  quarter  sector  is  cut  from  a  uniform  circular 
disc  of  radius  R.  This  sector  has  mass  M.  It  is 
made  to  rotate  about  a  line  perpendicular  to 
its  plane  and  passing  through  the  center  of  the 
original  disc.  Its  moment  of  inertia  about  the  axis  of 
rotation  is  (Fig.  8.51) 

1 

(a)  -  MR2 

2 

(b)  -  MR2 
4 

(c)  -  MR2 

8 

(d)  ^2  MR 2 

56.  Two  blocks  of  masses  1 0  kg  and  4  kg  are  connected 
by  a  spring  of  negligible  mass  and  placed  on  a 
frictionless  horizontal  surface.  An  impulse  gives 
a  velocity  of  14  m/s  to  the  heavier  block  in  the 
direction  of  the  lighter  block.  The  velocity  of  the 
center  of  mass  is 

(a)  30  m/s  (b)  20  m/s 

(c)  10  m/s  (d)  5  m/s 

H  IIT,  2002 


Fig.  8.51 

■  IIT.  2001 
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57.  A  cylinder  rolls  up  an  inclined  plane,  reaches 
some  height,  and  then  rolls  down  (without  slipping 
throughout  these  motions).  The  directions  of  the 
frictional  force  acting  on  the  cylinder  are: 

(a)  up  the  incline  while  ascending  and  down  the 
incline  while  descending 

(b)  up  the  incline  while  ascending  as  well  as 
descending 

(c)  down  the  incline  while  ascending  and  up  the 
incline  while  descending 

(d)  down  the  incline  while  ascending  as  well  as 
descending. 

<  IIT,  2002 

58.  The  angular  momentum  of  a  particle  moving  in 
a  circular  orbit  with  a  constant  speed  remains 
conserved  about 

(a)  any  point  on  the  circumference  of  the  circle 

(b)  any  point  inside  the  circle 

(c)  any  point  outside  the  circle 

(d)  the  centre  of  the  circle 

<  IIT,  2003 

59.  A  particle  moves  in  a  circular  orbit  with  uniform 
angular  speed.  However,  the  plane  of  the  circular 
orbit  is  itself  rotating  at  a  constant  angular  speed. 
We  may  then  say 

(a)  the  angular  velocity  as  well  as  the  angular 
acceleration  of  the  particle  are  both  constant 

(b)  neither  the  angular  velocity  nor  the  angular 
acceleration  of  the  particle  are  constant 

(c)  the  angular  velocity  of  the  particle  varies  but 
its  angular  acceleration  is  a  constant 

(d)  the  angular  velocity  of  the  particle  remains 
constant  but  its  angular  acceleration  varies 

60.  A  cylinder  of  mass  m  and  radius  r  is  rotating  about  its 
axis  with  a  constant  speed  v.  Its  kinetic  energy  is 

(a)  2  mv2  (b)  mv 2 


(c) 


(d) 


1  2 

—  mv 

4 


61.  A  circular  disc  of  mass  m  and  radius  r  is  rolling  on 
a  smooth  horizontal  surface  with  a  constant  speed 
v.  Its  kinetic  energy  is 

,  .  1  2  .  1  2 

(a)  —  mv  (b)  —  mv 

4  2 

3  2  2 

(c)  —  mv  (d)  mv 

4 


62.  Two  solid  spheres  A  and  B,  each  of  radius  R,  are 
made  of  materials  of  densities  pA  and  pB  respec¬ 
tively.  Their  moments  of  inertia  about  a  diameter 
are  IA  and  IB  respectively.  The  ratio  /  ,  H B  is 


(a) 

Pa 

VP* 

(b) 

(c) 

Pa 

Pb 

(d) 

63.  A  cylinder,  released  from  the  top  of  an  inclined 
plane,  rolls  without  sliding  and  reaches  the  bottom 
with  speed  vr.  Another  identical  cylinder,  released 
from  the  top  of  the  same  inclined  plane,  slides  with¬ 
out  rolling  and  reaches  the  bottom  with  speed  vs. 
Then 


(a)  vr  >  vs  (b)  vr  <  vs 

(c)  vr  =  vs  (d)  vr  =  vs  =  0 


64.  In  the  rectangular  lamina  ABCD  shown  in 
Fig.  8.52,  a  =  AB  =  BCH.  The  moment  of  inertia  of 
the  lamina  is  the  minimum  along  the  axis  passing 
through 

(a)  BC  (b)  AB 

(c)  HF  (d)  EG 

A  E  D 


B  G  C 


Fig.  8.52 

65.  A  uniform  rod  of  length  L  is  suspended  from  one 
end  such  that  it  is  free  to  rotate  about  an  axis 
passing  through  that  end  and  perpendicular  to  the 
length.  What  minimum  speed  must  be  imparted  to 
the  lower  end  so  that  the  rod  completes  one  full 
revolution? 

(a)  \j2gL  (b)  2  VgL 

(c)  46gL  (d)  2j2gL 

66.  A  circular  disc  of  radius  R  is  free  to  oscillate  about 
an  axis  passing  through  a  point  on  its  rim  and  per¬ 
pendicular  to  its  plane.  The  disc  is  turned  through 
an  angle  of  60°  and  released.  Its  angular  velocity 
when  it  reaches  the  equilibrium  position  will  be 


67.  A  massless  and  inextensible  cord  is  wound  round 
the  circumference  of  a  circular  ring  of  mass  M  and 
radius  R.  The  ring  is  free  to  rotate  about  an  axis 
passing  through  its  centre  and  perpendicular  to  its 
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plane.  A  mass  m  is  attached  at  the  free  end  of  the 
cord  and  is  at  rest.  The  angular  speed  of  the  ring 
when  mass  m  has  fallen  through  at  height  h  is 


(a) 


(c) 


2 gh 
R 2 


2m  gh 


(b) 


(d) 


\2rngh 
i  MR 2 


2m  gh 


'  (M  +  m)  Rz  \(M  +  2m)R2 

68.  The  moment  of  inertia  of  a  hollow  sphere  of  mass 
M and  internal  and  external  radii  R  and  2 R  about  an 
axis  passing  through  its  centre  and  perpendicular  to 
its  plane  is 


(a) 


3 

-  MR~ 

2 


13  , 

(b)  —  MR- 
32 


(c) 


MR- 


31  ,  62 

—  MR-  (d)  — 

35  35 

69.  Aman,  standing  on  a  turn-table,  is  rotating  at  a  certain 
angular  frequency  with  his  arms  outstretched.  He 
suddenly  folds  his  arms.  If  his  moment  of  inertia 
with  folded  arms  is  75%  of  that  with  outstretched 
arms,  his  rotational  kinetic  energy  will 

(a)  increase  by  33.3% 

(b)  decrease  by  33.3% 

(c)  increase  by  25% 

(d)  decrease  by  25% 

<  IIT,  2004 

70.  A  uniform  disc  of  radius  R  is  rolling  (without 
slipping)  on  a  horizontal  surface  with  an  angular 
speed  co  as  shown  in  Fig.  8.53.  O  is  the  centre  of 
the  disc,  points  A  and  C  are  located  on  its  rim  and 

point  B  is  at  a  distance  —  from  O.  During  rolling, 

the  points  A,  B  and  C  lie  on  the  vertical  diameter 
at  a  certain  instant  of  time.  If  vA,  vB  and  vc  are  the 
linear  speeds  of  points  A,  B  and  C  respectively  at 
that  instant,  then 

(a)  vA  =  vB  =  vc  (b)  vA>vB>  vc 

4 

(c)  vA  =  0,vc=  -  vB  (d)  vA  =  0,vc  =  2  vb 


<  IIT,  2004 


71.  A  particle  is  moving  in  the  x  —  y  plane  with  a 
constant  velocity  along  a  line  parallel  to  the  x-axis, 
away  from  the  origin.  The  magnitude  of  its  angular 
momentum  about  the  origin. 

(a)  is  zero 

(b)  remains  constant 

(c)  goes  on  increasing 

(d)  goes  on  decreasing 

|  IIT,  2005 

72.  A  thin  unifonn  disc  has  mass  M  and  radius  R.  A 
circular  hole  of  radius  R/3  is  made  in  the  disc  as  shown 
in  Fig.  8.54.  The  moment  of  inertia  of  the  remaining 
portion  of  disc  about  an  axis  passing  through  O  and 
perpendicular  to  the  plane  of  the  disc  is 


(a)  -  MR2 

9 

(c)  -  MR2 
3 


(b)  -  MR2 

9 

(d)  -  MR2 

9 


|  IIT,  2005 

73.  A  solid  metallic  sphere  of  radius  R  having  moment 
of  inertia  equal  to  /  about  its  diameter  is  melted 
and  recast  into  a  solid  disc  of  radius  r  of  a  uniform 
thickness.  The  moment  of  inertia  of  the  disc  about 
an  axis  passing  through  its  edge  and  perpendicular 
to  its  plane  is  also  equal  to  I.  The  ratio  r/R  is 


(a) 


Vl5 

(b) 

Vi o 

2 

V? 

(d) 

l 

V2 

|  IIT,  2006 

74.  A  small  object  of  uniform  density  rolls  up  a  curved 
surface  with  an  initial  velocity  v.  It  reaches  up  to 

3v 2 

a  maximum  length  h  =  - ,  with  respect  to  the 

4  g 

initial  position.  The  object  is  (see  Fig.  8.55) 

(a)  ring  (b)  solid  sphere 

(c)  hollow  sphere  (d)  disc 

|  IIT,  2007 
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Fig.  8.55 

75.  The  mass  per  unit  length  of  a  non-uniform  rod  OP 
of  length  L  varies  as 

m  =  k  — 

L 

where  A:  is  a  constant  and  x  is  the  distance  of  any 
point  on  the  rod  from  end  O.  The  distance  of  the 
centre  of  mass  of  the  rod  from  end  O  is 


76.  A  tube  of  length  L  is  filled  completely  with  an  in¬ 
compressible  liquid  of  mass  M  and  closed  at  both 
ends.  The  tube  is  then  rotated  in  a  horizontal  plane 
about  one  of  its  ends  with  a  uniform  angular  veloc¬ 
ity  co.  The  force  exerted  by  the  liquid  at  the  other 
end  is. 

(a)  2  MorL  (b)  MorL 

(c)  -MorL  (d)  -  MorL 

2  2 

77.  Aunifonn  thin  rod  of  mass  M  and  length/,  is  hinged 
by  a  frictionless  pivot  at  its  end  O,  as  shown  Fig. 
8.56.  A  bullet  of  mass  m  moving  horizontally  with 
a  velocity  v  strikes  the  free  end  of  the  rod  and  gets 
embedded  in  it.  The  angular  velocity  of  the  system 
about  O  just  after  the  collision  is 


L(M  +  m) 
3m  v 

L(M  +  3m) 


2mv 

L(M  +  2m ) 


(d)  ^ 
LM 


Fig.  8.56 

78.  A  gramophone  record  of  mass  M  and  radius  R  is 
rotating  at  an  angular  velocity  co.  A  coin  of  mass  m 
is  gently  placed  on  the  record  at  a  distance  r  =  R/2 
from  its  centre.  The  new  angular  velocity  of  the 
system  is 

.  .  2  ooM  _ .  2  coM 

(a)  -  (b)  - 

(2  M  +  m)  (M  +  2m) 

(c)  co  (d)  — — 

M 

79.  A  bolck  of  base  10  cm  X  10  cm  and  height  15  cm 
is  kept  on  an  inclined  plane.  The  coefficient  of 
friction  between  them  is  V3  .  The  inclination  9 
of  this  inclined  plane  from  the  horizontal  plane  is 
gradually  increased  from  0°.  Then 

(a)  at  9  =  30°,  the  block  will  start  sliding  down 
the  plane 

(b)  the  bock  will  remain  at  rest  on  the  plane  up 
to  certain  9  and  then  it  will  topple 

(c)  at  9  =  60°,  the  block  will  start  sliding  down 
the  plane  and  continue  to  do  so  at  higher 
angles 

(d)  at  6  -  60°,  the  block  will  start  sliding  down 
the  plane  and  on  further  increasing  9,  it  will 
topple  at  certain  9. 

<  IIT,  2009 


ANSWERS 


1.  (d) 

2.  (d) 

3.  (d) 

4.  (d) 

5.  (a) 

6.  (b) 

7.  (d) 

8.  (c) 

9.  (a) 

10.  (c) 

11.  (c) 

12.  (a) 

13.  (a) 

14.  (c) 

15.  (c) 

16.  (b) 

17.  (d) 

18.  (c) 

19.  (a) 

20.  (a) 

21.  (d) 

22.  (a) 

23.  (d) 

24.  (a) 

25.  (b) 

26.  (c) 

27.  (a) 

28.  (d) 

29.  (b) 

30.  (b) 

31.  (a) 

32.  (c) 

33.  (c) 

34.  (a) 

35.  (d) 

36.  (a) 

37.  (b) 

38.  (c) 

39.  (c) 

40.  (d) 

41.  (d) 

42.  (b) 

43.  (b) 

44.  (a) 

45.  (b) 

46.  (d) 

47.  (c) 

48.  (a) 

49.  (b) 

50.  (b) 

51.  (a) 

52.  (c) 

53.  (b) 

54.  (a) 

55.  (a) 

56.  (c) 

57.  (b) 

58.  (d) 

59.  (c) 

60.  (d) 
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61.  (c) 

62.  (c) 

63.  (b) 

64.  (c) 

65.  (c) 

66.  (b) 

67.  (c) 

68.  (d) 

69.  (a) 

70.  (c) 

71.  (b) 

72.  (d) 

73.  (a) 

74.  (d) 

75.  (b) 

76.  (c) 

77.  (c) 

78.  (a) 

79.  (b) 

SOLUTIONS 


1.  Since  there  is  no  external  force  acting  on  the  gun- 
bullet  system,  the  centre  of  mass  of  the  system 
remains  at  rest. 

2.  Let  <7=  mass  per  unit  area  of  the  disc.  Mass  of  the 
cut-out  portion  mx  =  Brail  and  mass  of  the  remain¬ 
ing  portion  is  (see  Fig.  8.57) 


m,  = 


f  d2  R 2A 

nR 2 - 


Let  Ox  be  the  centre  of  mass  of  the  remaining  por¬ 
tion.  The  centre  of  mass  of  the  square  is  at  02.  Tak¬ 
ing  moments  of  mx  g  and  m2  g  about  O, 
mi  g  xx  =  m2  g  x2 


R2o 


X.t]Xg 


X,  = 


2  R2^ 

nR~ - 


R 

2(2 n  - 1) 


a  x  x2  x  g 
(v  xx  =  R/2) 


Fig.  8.57 

3.  The  entire  mass  Mof  the  carpet  can  be  assumed  to 
be  concentrated  at  its  centre  of  mass  which  is  origi¬ 
nally  at  a  height  R  above  the  floor.  So  its  original 
P.E.  =  MgR.  When  the  carpet  is  unrolled  to  a  radius 
R/2,  its  centre  of  mass  will  be  at  a  height  R/2  above 
the  floor,  but  the  mass  left  over  unrolled  is 


m  = 


M(R/2)2 

R2 


M 

T 


,  .  M  R  MgR 

and  its  P.E.  =  mg  ( R/2 )  =  —  x  g  x  —  = - 

4  2  8 


4.  Since  the  mass  is  not  distributed  uniformly  over  the 
circumference  of  the  ring,  its  centre  of  mass  may 
lie  anywhere  between  its  centre  and  the  circumfer¬ 
ence.  Hence  the  correct  choice  is  (d). 


5.  ziCM 


777lvl  +  7772  V2 

mx  +  m2 


2 


(v  i  +  v2) 


(•••  777 1  =  7772) 


flCM 


mxax  +  m2  a2 
mx  +  m~, 


2 


(V  «2  =  0) 


Since  vectors  vCM  and  flCM  are  parallel  to  each 
other,  the  centre  of  mass  will  move  along  a  straight 
line. 

6.  In  rolling  without  slipping,  the  mechanical  energy 
is  conserved.  Since  both  the  inclined  planes  are  of 
the  same  height,  v2  =  vx.  The  acceleration  of  the 
sphere  rolling  down  the  plane  is 


gsin© 

a  =  I 

1  d - v 

MR- 


Since02>^i;  a2>  ax.  Hence 


?i  _  sin  02 
t2  sin  6X 

Thus  tx  >  t2.  Hence  the  correct  choice  is  (b). 

M 

7.  Mass  of  element  of  length  dx  is  dm  =  —  dx. 

Perpendicular  distance  of  the  element  from  the  axis 
of  rotation  =  x  sin  0.  Therefore  moment  of  inertia 
about  the  axis  of  rotation  AB  is  (Fig.  8.58) 

+L/ 2 

I  =  |  dm(x  sin  Q)2 

-Lt  2 


=  —  sin"  G 


LI  2 

[  x2  dx 
-i/2 


Decrease  in  P.E.  =  MgR 


M 

L 
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Mr  .  2  Q  ML-  .2  ML 

sin  6  =  — —  sin  (60°)  = 


12 


12 

Axis  of  ^ 
rotation 


16 


A 


x  sin  0 


L 

x= — 
2 


SF=!l 

dx  *2 


Fig.  8.58 

8.  K.E.  =  -  Mv2  +  -  lor 


=  -  Mv 2  +  -xi-MR2  Ixf— 

2  2  U  )  \R 

=  -  Mv2  +  —  Mv2  =  -Mv2 
2  4  4 

From  the  principle  of  conservation  of  energy, 

Loss  in  K.E.  =  gain  in  P.E. 

3  , 

or  —  Mv-  =  Mgh 
3v2 

=>  h  =  ,  which  is  choice  (c). 

4  g 

9.  When  string/.)  is  cut,  the  rod  will  rotate  about  point /l. 
Let  a  be  the  linear  acceleration  of  the  centre  of  mass 
and  T  the  tension  in  string  C,  then  (see  Fig.  8.59) 

mg  —  T  =  ma  ( 1 ) 


Torque  of  force  mg  about  A  is  r  =  Mg  x  —  . 


mg 

Fig.  8.59 

2 

Moment  of  inertia  of  the  rod  about  A  is  /  =  ML  / 3. 
Therefore,  the  angular  acceleration  of  the  rod  about 
A  is 


/  2  L 


(2) 


Also  a  =  —a 
2 


(3) 


3g 


Using  this  in  (2),  we  get  a  =  —  .  Then  from  Eq.  (1) 


mg  —  T  = 


3  m g 


T=  ’UK. 


4  4 

So  the  correct  choice  is  (a). 

10.  At  the  highest  point,  the  velocity  of  the  body  is 
v  =  u  cos  60°  =  m/2  along  the  horizontal  direction. 
Hence  the  perpendicular  distance  of  its  linear  mo¬ 
mentum  from  the  point  of  projection  =  maximum 
height  attained. 

u2  sin“  60°  3 u~ 


rl  ~  /?max  “ 


2g 


Magnitude  of  angular  momentum  =  m  r,  v 

3  u2  u 
=  m  x  - x  — 

8e  2 


_  3  mu 
16  g 

11.  Torque  of  F  about  A  is  [see  Fig.  8.60] 

^  2  L 

T,  =  F  x  — 

1  3 

Since  the  weight  mg  acts  at  the  centre  of  mass,  the 
torque  of  the  weight  about  A  is 


'h  =  mS  x  7 

The  minimum  force  required  to  topple  the  block  is 
given  by 

,  N  2L  L 

(Tljmin  =  *2  0r  Fmin  X  ~  =  X  2 


F  = 

min 


3m  g 


jmmzmzmmmmmmmmmmmr 


Fig.  8.60 

12.  Let  Mbe  the  mass  and  R  the  initial  radius  of  the 
earth.  If  co  is  the  angular  velocity  of  the  rotation  of 
the  earth,  the  duration  T  of  the  day  is 

2n 


T  = 


co 
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Let  R'  be  the  radius  of  the  earth  after  contraction 
and  ©'its  angular  velocity.  From  the  conservation 
of  angular  momentum,  we  have 

Ico  =  I' co' 

where  I  ^=^MR2  J  and  I'^=^MR'2^j  are  the 

moments  of  inertia  of  the  earth  before  and  after 
contraction,  respectively. 

2 

—  MR2co=  —  MR'2 co'  or  co'  =  =4 co 

5  5  R'2 

(v  R'  =  R/ 2) 

The  duration  T'  of  the  new  day  will  be 


r_  2 n  _  2 n 
co'  4  co 


T 
4  ’ 


24  hours 

T  =  - 

4 


=  6  hours 


13.  From  the  law  of  conservation  of  angular  momen¬ 
tum,  we  have 


Ico  =  I'  co' 

Flere  /  =  MR 2  and  /'  =  (M+  2m)  R2.  Therefore 


co 

co 


I 

T 


M 


(M  +  2m) 
Flence  the  correct  choice  is  (a). 

1  ,  1  , 

14.  For  rolling  :  Mgh  =  —  Mv  +  —  Ico 


=  2MO+2XIjMr2)*Y 

=  -  Mv2+  -  Mv2=  —  Mv2 

2  5  10 


v /  =  —MR2  and  co  =  — 
5  R 


1  2 

For  sliding  :  Mgh  =  —  Mv'  .  Therefore 

1  •>  7  , 

-  Mv'2  =  —  Mv 2 

2  10 

or  —  =  J—  ,  which  is  choice  (c). 
v  \5 

15.  The  acceleration  down  the  plane  is  given  by 

gsin0 


1  + 


/ 


MR~ 


For  disc,  /=  —  MR2.  Using  this  and  9  =  30°,  we  get 
a  =  g/3,  which  is  choice  (c). 


16.  The  acceleration  of  the  block  sliding  down  the 
plane  is 

a  =  g  sin  0 

where  9  is  the  angle  of  inclination.  If  /  is  the  length 
of  the  inclined  plane,  the  velocity  of  the  block  on 
reaching  the  bottom  is  given  by 
v2  =  2  al  =  2g  sin  9  x  / 
or  v  =  yj2gl  sin  9 

The  acceleration  of  the  disc  rolling  down  the  plane 
is  (as  shown  above) 

2 

a'  =  —  g  sin  9 
3 

Therefore,  the  velocity  of  the  disc  on  reaching  the 
bottom  is  given  by 

,  4 

v’~  =  2d l  =  —  gl  sin  9 
3 


or 


v'=  2 


gl  sin  9  v' 

3  v 


Hence  the  correct  choice  is  (b). 

17.  Let  ji  be  the  mass  per  unit  length  of  the  wire.  The 
mass  of  loop  A  is  MA  =  2kR)1  and  mass  of  loop  B  is 
Mb  =  4  nRfX.  Their  moments  of  inertia  respectively 
are  IA  =  MA  R2A  =  2  nRfJL  xR2  =  2n  jJL  R2 
and  IB  =  MbR2b  =  4  uRfi  x  (2 R)2 
=  16  njiR2 


i_a=  I 

IB  8 

Hence  the  correct  choice  is  (d). 

18.  Let  m  be  the  mass  of  the  coin.  It  will  fly  off  when 
the  centripetal  force  mrco2  just  exceeds  the  force  of 
friction  /umg.  The  minimum  co  is  given  by 

2 

mrco  =  j-img  or  co  = 


Hence  the  correct  choice  is  (c). 

19.  The  minimum  angular  frequency  is  independent  of 
the  mass.  Hence  the  correct  answer  is  still  sjfigl  r 
which  is  choice  (a). 

20.  The  ( x ,  y)  co-ordinates  of  the  masses  at  O,  A  and  B 
respectively  are  (refer  to  Fig.  8.40  on  page  8.23) 
(*!=  0 ,y1  =  0),  (x2  =  a,  y2  =  0)  and  (x3  =  0 ,y2  =  b) 
The  (x,y)  co-ordinates  of  the  centre  of  mass  are 


WjXj  +  m2x  2  +  m3x3 
xcm  ;  “  — 

Wj  +  m2  +  ;«3 
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7cm  : 


m  x  0  +  m  X  a  +  m  X  0 
m  +  m  +  m 
mlyl  +  tn2y2  +  w3_y3 
Wj  +  m2  +  ???3 

m xO+mxO+mXb 


a 

3 


b 

3 


m  +  m  +  777 

The  position  vector  of  the  centre  of  mass  is  xCM  i  + 

7cm  J 

a  b  1 

=  —  i  +  -  j  =  -  (ai  +  b\),  which  is  choice  (a). 

21.  When  the  sphere  rolls  down  the  plane,  its  accelera¬ 
tion  is  given  by  (see  also  solution  to  Q.  16). 

gsin  0 


a  = 


1 


MR~ 


where  K  is  the  radius  of  gyration  of  the  sphere 
about  its  diameter.  Now,  the  moment  of  inertia  of 
the  sphere  about  its  diameter  is 

/  =  -  MR2, 

5 


Therefore, 


a  =  — — —  =  —  g  sin  0 
2  7 

1  +  - 
5 


(i) 


For  rolling  without  sliding,  the  frictional  force  / 
provides  the  necessary  torque  r  which  is  given  by 
T  =  force  X  moment  arm  =fR 
But  r  =  la,  where  a  is  the  angular  acceleration  of 
the  sphere.  Thus,  Ia= fR.  Also,  linear  acceleration 
a  =  aR.  Therefore, 


la  la  2 

/  =  =  ~ 7  =  —  Afo 

J  R  R2  5 


v  /  =  -  MR2 
5 


Now,  force  of  friction  =  /u  X  normal  reaction 

2 

=  fiMg  cos  0.  Thus  yLMg  cos  0  =  —  Ma 
5 

or  a  =  —  jig  cos  0  (ii) 

Equating  (i)  and  (ii)  we  have 

5  5  2 

—  g  sin  0  =  —  /j.g  cos  0  or  ji  =  —  tan  0 

Hence  the  correct  choice  is  (d). 

22.  Given  PQ  =  QR  =  RP  =  L.  The  centre  of  mass  is 
located  at  centroid  C  which  cuts  lines  PS,  QT  and 
UR  in  the  ratio  2:1.  Let  h  =  CS=  CT  =  UC.  In  A 
PQS,  we  have  (see  Fig.  8.61) 


Fig.  8.61 


V3 


PS  =  PQ  sin  60°  =  L  sin  60°  =  —  L. 

2 

,  PS  1  V3  r  L 
h  =  —  =  -  x  —  L  =  — j= 

332  2V3 

Since  the  structure  consists  of  three  identical  rods, 
its  moment  of  inertia  about  an  axis  passing  through 
its  centre  of  mass  C  and  perpendicular  to  its  plane 
is,  from  parallel  axes  theorem, 

4  =  3  (I+Mh2) 

where  /  is  the  moment  of  inertia  of  each  rod  about 
the  axis  passing  through  its  centre  and  perpendicu¬ 
lar  to  its  length,  which  is  given  by 

ML2  . ,  I  V  ML 2 


/  = 


4  =  3 


12 

r  ML2 


Also  Mh  =  Ml 


UV3J 


12 


-  +  - 


ML 


=  3  x 


ML  _  ML f 


6 


12  12 
Hence  the  correct  choice  is  (a). 

23.  Refer  to  Fig.  8.41  on  page  8.24.  Moment  of  inertia 
is  a  scalar  quantity.  So  the  moment  of  inertia  of  the 
structure  is  the  sum  of  the  moments  of  inertia  of  the 
four  rods  about  the  specified  axis  of  rotation,  i.e., 

/  =  4  +  4  +  4  +  4 

where  4=  moment  of  inertia  of  rod  1  about  an  axis 
passing  through  its  centre  E  and  perpendicular  to  its 


plane  = 


ML f 
12 


4=  moment  of  inertia  of  rod  2  about  an  axis  passing 
through  its  centre  F  and  perpendicular  to  its  plane 

ML2 


12 


4  =  moment  of  inertia  of  rod  3  about  a  parallel  axis 

L  c  .  ,/42  ML2 

at  a  distance  —  trom  it  =  M  —  =  - ,  and 

2  V2J  4 
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I4  =  moment  of  inertia  of  rod  4  about  a  parallel  axis 

L  ML 2 

at  a  distance  —  trom  it  =  - . 

2  4 


/  = 


MLZ  ML  ML  ML" 


12 


12 


2  , 

=  —  ML",  which  is  choice  (d). 

24.  Refer  to  Fig.  8.62.  It  is  clear  from  the  figure  that 
the  moment  of  inertia  of  triangular  sheet  ABC  =  ^ 
x  moment  of  inertia  of  a  square  sheet  ABCD  about 
its  diagonal  AC  or  It  =  —  Is.  Now,  mass  of  square 
sheet  =  M+  M=  2 M.  Therefore, 

j  _  h  _  ml2 
1  2  12 
\-< —  Axis  of  rotation 


Fig.  8.62 


Hence  the  correct  choice  is  (a). 

25.  The  correct  choice  is  (b)  because  the  angular 
momentum  of  the  sphere  about  the  point  of  con¬ 
tact  with  plane  surface  also  includes  the  angular 
momentum  about  the  centre  of  mass. 

26.  Because  of  symmetry  about  axes  1  and  2,  Ix  =  I2. 
Similarly,  /3  =  /4.  From  perpendicular  axes  theo¬ 
rem,  it  follows  that  the  moment  of  inertia  of  the 
plate  about  an  axis  passing  through  the  centre  and 
perpendicular  to  the  plane  of  the  plate  is 

/  =  h  +  h  =  h  +  I 4  =  2/j  =  2/3 

(•••  h  =  4  h  =  1  a) 

or  /j  =  /3. 

Thus  I  =  /j  +  I2  —  /3  +  /4  =  I\  +  /3. 

Hence  the  correct  choice  is  (c). 

27.  Let  the  mass  of  the  sphere  be  M  and  R  its  radius. 
When  it  is  at  rest  at  the  top  of  the  inclined  plane,  its 
energy  is  entirely  potential  given  by  PE  =  Mgh 


If  the  sphere  rolls  down  the  plane,  it  acquires  a 
linear  velocity  v  and  an  angular  velocity  co.  Its  total 
kinetic  energy  at  any  time  t  =  translational  KE  + 
rotational  KE 

1,1, 

or  KE  =  —  mv  +  —  1(0 

2  2 

2  ,  v 

Here  /  =  —  MR"  and  00  =  — .  Therefore, 

5  R 

1  ,12  ,  v2 

KE  =  -  Mv 2  +  -  x  -  MR2  x  — r 

2  2  5  R" 

=  -  Mv2  +  -  Mv2  =  —  Mv 2 

2  5  10 

From  the  law  of  conservation  of  energy,  PE  =  KE 


/  -j 

or  Mgh  =  —  Mv"  which  gives  v  = 

Hence  the  correct  choice  is  (a). 

28.  For  a  rolling  sphere,  the  rotation  kinetic  energy  and 
the  total  (translational  +  rotational)  kinetic  energy 
respectively  are 

Kr  =  -  Iof  and  K  =  -  mv2  +  -  lor 
2  2  2 


The  moment  of  inertia  of  a  sphere  of  mass  m  and 

2 

radius  r  about  its  centre  is  /  =  —  mr 2.  Also  co  = 

5 

2  2  2  W  2  , 

v/r.  Therefore  Ico"  =  —  mr  x  —  =  —  mv".  Thus 
5  r2  5 

1  117 

K„  =  -  mv2  and  K,=  —  mv2  +  -  mv2  =  —  mv2. 

r  5  ;  2  5  10 

Hence 


4 

4 


1  2 

—  777  V 

_5 _ 

7  2 

—  777  v 

10 


2 

7 


Hence  the  correct  choice  is  (d). 

29.  Since  there  is  no  external  force,  the  cart  and  the 
man  will  meet  at  their  centre  of  mass.  Since  their 
masses  are  equal,  the  centre  of  mass  is  located  at 
the  mid-point  between  them,  i.e.  at  x  =  5  m.  Hence 
the  correct  choice  is  (b). 


30.  Refer  to  Fig.  8.63.  The  angular  momentum  of  the 
mass  at  point  P{x,  y)  about  origin  O  is  defined  as 


A  A  A 

L  =  777r  x  v  =  777  (x  i  +  >'  j )  x  (v  i) 


A 

=  myv  (-k) 


A  A 

(v  i  x  i 


0  and  j  X  i  =  -  k ) 
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y 


Fig.  8.63 

Now  m  and  v  are  constants.  Also y  remains  constant 
as  the  mass  moves  parallel  to  the  v-axis.  Hence  L 
remains  constant.  Thus  the  correct  choice  is  (b). 

31.  Refer  to  Fig.  8.64.  According  to  the  perpendicular 
axes  theorem,  the  moment  of  inertia  of  the  plane 
about  the  z-axis  is 

4  =  4  +  <y 

with  Ix  =  Iv.  The  square  plate  lies  in  the  x-y  plane. 
Since  the  directions  of  the  x  and  y  axes  is  arbitrary, 
the  only  restriction  being  that  the  angle  between 
them  is  90°,  it  follows  that  the  moment  of  inertia 
will  not  change  if  the  axes  are  rotated  through  any 
angle  0in  the  plane  of  the  plate.  This  can  be  proved 
as  follows. 


y 


32.  Since  there  is  no  friction  between  the  sphere  and 
the  horizontal  surface  and  also  between  the  spheres 
themselves,  there  will  be  no  transfer  of  angular 
momentum  from  sphere  A  to  sphere  B  due  to  the 
collision.  Since  the  collision  is  elastic  and  the 
spheres  have  the  same  mass,  the  sphere  A  only 
transfers  its  linear  velocity  v  to  sphere  B.  Sphere  A 
will  continue  to  rotate  with  the  same  angular  speed 
co  at  a  fixed  location.  Hence  the  correct  choice 
is  (c). 

33.  Refer  to  Fig.  8.65.  Let  OC  =  Rc  and  let  vc  be  the 
velocity  of  the  centre  of  mass  of  the  disc.  The  linear 
momentum  of  the  centre  of  mass  is  pc  =  Mvc 

If  Lc  is  the  angular  momentum  of  the  disc  about  C, 
then  the  angular  momentum  about  origin  O  is 
L0  =  Lc  +  Rc  x  pc 


Fig.  8.65 

.-.  Magnitude  of  L0  =  Icco  +  Rc  x  Mvc  sin  9 

1  9 

=  —  MR2  co  +  M  Rrvr  sm  9 

2 

1  9 

=  -  MR2 co  +  MR  x  Rco 

2 


Consider  a  particle  of  the  plate  of  mass  mn  located  at 
a  point  P(xn,  yn)  in  the  x-y  plane.  Then  IAB  =  E  mn  y 2 
The  moment  of  inertia  about  line  CD  will  be 

I  CD  =  ^  mn  y'2  n 

The  coordinates  (x„,y„)  and  (x',y'n)  are  related  as 
x'n  =  xn  cos  9  -  yn  sin  6 
y'n  =  yn  sin  9  -  y„  cos  9 
Now  ICD  =  1mn  y'l  =  'Lmn{xn  sin  9  -  y„  cos  9)2 
=  E(w„  x2n)  sin20  +  ’Z{mny2n)  cos2  9 
-  2  E(m„  xn  y„)  sin  9  cos  9 

From  symmetry,  it  follows  that  IAB  =  Y,mn  x2 
=  Ymn y2  and  Ymn xnyn  =  0.  Hence 

I cd  =  Iab  (sin20  +  cos20)  +  0  =  IAB  =  I 

Thus  the  correct  choice  is  (a). 


(v  Rc  sin  9  =  R  and  vc  =  Rco) 

=  -  MR2 co 
2 

Hence  the  correct  choice  is  (c). 

34.  When  the  block  hits  the  ridge  at  point  O,  it  will 
start  rotating  about  an  axis  passing  through  O  and 
perpendicular  to  the  plane  of  the  paper  (Fig.  8.66). 


a 
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Since  no  external  torque  acts  on  the  block,  its 
an-gular  momentum  is  conserved.  Angular  momen¬ 
tum  of  the  block  before  it  hits  the  ridge  is 

L:  =  Mv  x  AC  =  Mv  x  —  =  -  Mva  (1) 
'  2  2 

Angular  momentum  of  the  block  after  it  hits  the 
ridge  is 

Lf=I0  co  (2) 

where  IQ  is  the  moment  of  inertia  of  the  block  about 
an  axis  passing  through  O  and  perpendicular  to 
the  plane  of  the  block  and  co  is  the  angular  speed 
of  rotation  of  the  block.  From  the  parallel  axes 
theorem,  we  have 

IQ=IC  + Mr2 

1  2 

Now,  the  moment  of  inertia  about  C  is  =  —  Ma 

2  ,  6 

and  r2  =  ^  j  +  f  — j  =  ^  .  Hence 


112 

In  =  -  Ma2  +  -  Ma2  =  -  Ma 2 
°  6  2  3 


Using  Eqs.  (3)  in  (2),  we  have  L,  =  —  Ma2co 


(3) 


Since  the  angular  momentum  is  conserved,  Lt  =  Lj 
From  Eqs  (1)  and  (4),  we  get  (4) 

2  2  o  3u 

-  Mva  =  -  Ma  co  or  co  =  ~ 

3  3  4  a 

Hence  the  correct  choice  is  (a). 

35.  Let  m  be  the  mass  of  the  loop  and  r  its  radius.  The 
moment  of  inertia  of  the  loop  about  an  axis  passing 
through  the  centre  O  is  (Fig.  8.67) 


t  '  2 

ln  =  —  mr 

0  2 

From  the  parallel  axes  theorem,  the  moment  of  in¬ 
ertia  bout  XX'  is 

r  r  ,  2  1  2,2  3  2 

1  =  ln  +  mr  =  —  mr  +  mr  =  —  mr 
2  2 

The  mass  of  the  loop,  m  =  pL  and  radius  r  =  L/2n. 
Hence 

3  f  L  V  3 pi} 

/  =  —  x  pL  x  —  -  -  - 

2  \2n)  8  n2 

Thus  the  correct  choice  is  (d). 


36.  The  entire  mass  of  the  liquid  can  be  regarded  as  be¬ 
ing  concentrated  at  the  centre  of  mass  of  the  tube 

which  is  at  a  distance  of  r  =  —  from  the  axis  of 

2 

revolution.  The  force  exerted  by  the  liquid  at  the 
other  end  of  the  tube  is  the  centripetal  force  of  a 

mass  ^/revolving  in  a  circle  of  radius  r  =  —  .  Thus 
F  =  Mv2  __M{r co)2  =  w=  MLco 2 


r  r  2 

Hence  the  correct  choice  is  (a). 

37.  As  no  external  torque  acts  on  the  system,  the  an¬ 
gular  momentum  L  is  conserved.  As  the  beads  slide 
down,  the  moment  of  inertia  of  the  system  will 
change.  From  L  =  Ico,  angular  velocity  co  will  also 
change.  Since  the  total  energy  cannot  change,  the 
correct  choice  is  (b). 

38.  Torque  due  to  F  about  A  is  Tj  =  FL 

Since  the  weight  mg  acts  through  the  centre  of  mass 
of  the  block  (which  is  at  a  distance  of  LI 2  from 
the  slide  of  the  block)  the  torque  due  to  weight  mg 
about  A  is 

'LA 


F  =  mS  |  - 

The  minimum  force  required  to  topple  the  block  is 
obtained  when  t,  is  slightly  greater  than  r2,  i.e.  in 
limit 

(T)mm  =  T  or  ^min  L  =  mS  f  4 


or 


/••  .  = 
min 


=  mg 

2 

Hence  the  correct  choice  is  (c). 

39.  The  magnitude  of  angular  momentum  of  a  rotat¬ 
ing  body  is  given  by  L  =  Ico.  If  no  torque  acts,  the 
angular  momentum  is  conserved,  i.e.  Ico  =  con¬ 
stant.  Hence  /[CUj  =  !2oj2.  If  Kl  and  K2  are  the  cor¬ 
responding  radii  of  gyration,  then  7)  =  MK\  and 
/2  =  MK %  Hence 

MK\  CO;  =  MK2  co2 


Ki 


or 


K , 


,  which  is  choice  (c). 


40.  Since  the  centre  of  gravity  of  the  rod  is  at  its  cen¬ 
tre,  the  loss  in  PE  when  its  end  B  strikes  the  floor  = 

'  L\  1  1 

—  =  —  mg  L.  Gain  in  KE  =  —  lor  where 

.2)  2  2 

I  is  the  moment  of  inertia  of  the  rod  about  an  axis 


mg 


passing  through  its  end  and  perpendicular  to  its 

1  2 

length  which  is  given  by  /  =  -  mL  .  Now  gain  in 

3 
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KE  =  loss  in  PE,  i.e. 

—  x  —  mL2  x  of  =  —  mgL 
2  3  2 


3g 

which  gives  co  =  —  ,  which  is  choice  (d). 

41.  Given:  /  =  6 R.  From  parallel  axes  theorem,  the 
moment  of  inertia  about  the  given  axis  is  given  by 


1=  M 


=  M 


=  M 


f  R 2 


V 


2h 


I 

+  — 
3 


R~  (6  RY 
T+  3 


f R2  36 R2) 

=  49  MR2 

'  L  +  Xj  ^ 

X 

| 

V  4  3  J 

4 

[l+x2j 

V®2  j 

Hence  the  correct  choice  is  (d). 

._  .  ,  ,  .  ,  area  swept  by  radius  vector 

42.  Areal  velocity  A  =  - 

time  taken 

Assuming  that  the  orbit  of  the  planet  is  a  circle  of 
radius  R,  then 


A  = 


nR “ 


Now,  time  period 


2k 

T  =  —  .  Hence 
co 


or 


A  = 


co  = 


nR~ 
2k  Ico 
2 A 
R2 


R2co 


,  2  A 

Angular  momentum  L  =  Ico  =  (MR  )  x  — 2 

R 

=  2  MA 

Hence  the  correct  choice  is  (b). 

43.  The  mass  of  the  rod  can  be  considered  to  be  con¬ 
centrated  at  its  centre  (x  =  i/2)  where  x  =  0  is  the 
origin.  Hence 


n  _  Mi  xL/ 2  +  0 
CM  Mx+M2 

Hence  the  correct  choice  is  (b). 

2  2 

44.  IA  =  mA  rA  and  IB  =  mB  rB.  Hence 


LM , 


2  (Mx+M2) 


/a 


f  mB  ^ 

X 

fr  \ 

l*A  J 

UaJ 

(i) 


Let  k  be  the  mass  per  unit  length  of  the  wire.  Then 
the  masses  of  loops  A  and  B  are 

mA  =  (2  icrA)k  and  mB  =  (2  nrB)k 


nn 


(ii) 


Using  (ii)  in  (i)  and  putting  —  =8  (given),  we 
have  Va 


kr  h3 

rB 


\'aJ 


or  —  =2,  which  is  choice  (a). 


45.  Let  L  cm  be  the  original  length  of  the  spring  and  k 
be  the  spring  constant.  Then 

m(L  +  Xj)  (O2  =  kx | 
and  m(L  +  x2)  or2=  kx2 
Dividing,  we  get 


Given  x,  =  1  cm,  x2  =  5  cm  and  co2  =  2(0^  Using 
these  in  (i)  solving,  we  get  L  =  15  cm,  which  is 
choice  (b). 


46.  L  =  Ico=  ^ 


-Ico2 


2co 


K  1  2 

=  —  ,  where  K  =  —  Iof  is  the 

2  co  2 


kinetic  energy.  If  co  is  doubled  and  K  is  halved,  the 
value  of  L  becomes  one-fourth.  Hence  the  correct 
choice  is  (d). 

47.  Rod  POQ  of  length  /  =  100  cm  is  bent  at  its  mid¬ 
point  O  so  that  APOQ  =  90°  (see  Fig.  8.68). 


Fig.  8.68 

The  mass  of  part  PO  of  length  1/2  can  be  taken  to  be 
concentrated  at  its  mid-point  A  whose  coordinates 
are  (0, 1/4)  and  of  part  OQ  of  length  1/2  at  its  mid¬ 
point  B  whose  coordinates  are  (1/4,  0).  The  centre 
of  mass  of  these  two  equal  masses  is  at  mid-point  C 
between^  andR.  The  coordinates  of  C  are  (// 8,  // 8). 


OC  = 


\l(OE)2  +  (CE)2  =  II 


/ 

-  I  +1  - 
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/ 


100  cm 


, —  , —  =17.7  cm,  which  is  choice  (c). 

x/32  V32 

48.  L  =  mr 2  co.  For  given  m  and  co,  L  r2.  If  r  is  halved, 
the  angular  momentum  L  becomes  one-fourth. 
Flence  the  correct  choice  is  (a). 

49.  Since  no  torque  acts  on  the  sphere,  its  angular 
momentum  L  =  (led)  remains  unchanged,  where  7  is 
the  moment  of  inertia  and  co  is  the  angular  velocity 
of  the  sphere.  If  the  radius  of  the  sphere  is  changed, 
7  and  hence  CO  will  both  change.  Also,  rotational 


(  1  2 

kinetic  energy  I  =  —  Ico 

the  correct  choice  is  (b). 

50.  V=  —  nr 3  or  log  V  =  log 
3 


will  also  change.  Hence 


An 

3 


—  +  3  log  r. 


Differentiating,  We  have 

SV  Sr  Sr  1  SV  1  1 

—  =  3 —  or  —  = - =  -  x  0.5%  =  -% 

V  r  r  3  V  3  6 

2 

Since  no  external  torque  acts,  Ico  =  constant  or  — 
mr2co  =  constant  or  r2co  =  constant  (c) 

or  2  log  r  +  log  co  =  log  c.  Differentiating,  we  have 

2  Sr  Sco 

- +  —  =  0 

r  co 

Sco  Sr  1  1 

or  —  =  -2  —  =  -2x—  %  =  — % 

CO  r  6  3 

The  negative  sign  indicates  that  co  decreases.  Hence 
the  correct  choice  is  (b). 

51.  The  cylinder  will  topple  when  the  torque  mgr  equals 
h 

the  torque  ma  —  (see  Fig.  8.69) 


Fig.  8.69 


or  a  = 


2  gr 


g 

2 


( v  h  =  4  r) 


(i) 


Now  v  =  2.45  r 

...  a  =  —  =  —  (2.45t2)  =4.9 1 
dt  dt'  ' 


(ii) 


g  9.8 

Equating  (l)  and  (u),  we  get  1  =  2y4  L)  =  ^  =  1  s. 

Hence  the  correct  choice  is  (a). 

52.  Moment  of  inertia  of  complete  disc  about  O  is 

1  2  (M 

I  =  —  MR".  Mass  of  the  cut-out  part  is  m  =  — 

2  \  4 

The  moment  of  inertia  of  the  cut-out  portion  about 
its  own  centre  7n  =  —  mr2  =  A.  f — 1  f  —  I  = 


2  2  V  4  A  2 

1  2 

—  MR"  because  r  =  R/2.  From  the  parallel  axes 
32 

theorem,  the  moment  of  inertia  of  the  cut  out  por¬ 
tion  about  O  is 

=  —  MR2 
32 

.’.  Moment  of  inertia  of  the  shaded  portion  about 

1  9  3  9  13  9 

O  is  1=1- 1,  =  -  MR2 - MR2  =  —  MR2, 

s  c  2  32  32 

which  is  choice  (c). 

53.  From  the  principle  of  conservation  of  angular 
momentum,  I0co0  =  Ico,  where  70  and  co0  are  the 
moment  of  inertia  and  angular  velocity  when  the 
beads  are  at  the  centre  of  the  rod  and  7  and  co  those 
when  the  beads  are  at  the  ends  of  the  rod. 


4  = 


ML" 

~Y2 


,  ,  ML"  mL  mL  A  .  ,  ,  ^ 

and  7  = - 1 - 1 - =  —  ( M  +  6m) 

12  4  4  12 

ML2  (M  +  6m)  coL2 

®o  =  - 


12 


12 


M  COn 


or 


co  = 


(M  +  6m) 


Hence  the  correct  choice  is  (b). 

54.  Since  no  external  force  acts  on  the  system,  the 
centre  of  mass  will  remain  at  rest.  Hence  the  correct 
choice  is  (a). 

55.  Area  of  complete  disc  =  tiR2.  Area  of  one  quarter 

1  2 

sector  OAB  =  —  nR".  Mass  of  this  sector  =  M. 
4 

Mass  per  unit  area  of  the  sector  is 
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M  _  4  M 
nR2/ 4  nR 2 


(1) 


Divide  the  sector  into  a 
large  number  of  cylin¬ 
drical  shells.  Consider 
an  element  of  mass  dm 
at  a  distance  r  from  the 
centre  O  and  having 
thickness  dr  (see  Fig. 
8.70).  Then 

(  2nrdr\ 

dm  =  -  m„ 

{  4  J 


The  moment  of  inertia  of  the  sector  about  the  axis 
of  rotation  is 


1=  J  r2dm  =  lnm^\  r2dr  = 


nmaR 


(2) 


1  t 

Using  (1)  in  (2),  we  get  1=  —  MR ",  which  is  choice 
(a).  2 

56.  The  velocity  uCM  of  the  centre  of  mass  can  be 
obtained  by  using  the  principle  of  conservation  of 
linear  momentum, 

MV  =  (M  +  m)  uCM 


or  uCM 


MV  _  10  kg  x  14  ms  1 
( M  +  m )  (10 +  4)  kg 


Hence  the  correct  choice  is  (c). 

57.  When  a  cylinder  rolls  up  or  down  an  inclined  plane, 
its  angular  acceleration  is  always  directed  down 
the  plane.  Hence  the  frictional  force  acts  up  the 
inclined  plate  when  the  cylinder  rolls  up  or  down 
the  plane.  Thus,  the  correct  choice  is  (b). 

58.  The  correct  choice  is  (d). 

59.  The  angular  velocity  vector,  being  normal  to  the 
orbit,  is  constantly  changing  its  direction.  How¬ 
ever,  the  rate  of  change  of  this  vector  is  constant, 
therefore,  the  angular  acceleration  remains  con¬ 
stant.  Hence  the  correct  choice  is  (c). 

1  2 

60.  The  kinetic  energy  (which  is  rotational)  is  —  Ico  . 

1  2 

Now,  The  moment  of  inertia  I  =  —  mr~  and 

2 

T)  11 

co  =  — .  Therefore,  KE  =  —  x  —  mr~  x 

r  2  2 

1  2 

=  —  mv  ,  which  is  choice  (d). 

4 

61.  The  kinetic  energy  of  a  rolling  disc  consists  of  two 

1  2 

parts:  translational  energy  =  —  mv  and  rotational 


1,2 
energy  =  —  Ico  . 

1  ? 

KE  =  —  mv 2  + 
2 


1  2 

=  —  mv  + 
2 


(v  /  = 


1  9  A  2  3  2 

=  —  mv  +  —  mv  =  —  mv" 

2  4  4 

Hence  the  correct  choice  is  (c). 

4  , 

62.  Mass  of  sphere  A,  MA  =  —  nR~  pA,  mass  of  sphere 

B,  MB  =  y  nR~pB.  Now,  4=1  MaR2  and  /„=  ^ 
MbR2 .  Therefore, 


[a  __  ma  _  Pa 
4  mb  pB 
Hence  the  correct  choice  is  (c). 

63.  When  the  cylinder  rolls  without  sliding,  the  accel¬ 
eration  down  the  plane  is  (see  solutions  to  Q.  16) 

2 

a  =  —  g  sin  6 
'  3 

When  the  cylinder  slides  without  rolling,  the  ac¬ 
celeration  is 

as  =  g  sin  6 

where  6  is  the  inclination  of  the  plane. 

If  h  is  the  height  of  the  inclined  plane,  their  speeds 
on  reaching  the  bottom  are  given  by 

vr  =  y/2arh  and  vs  =  \l2ash 

Since  as  >  ar,  it  follows  that  vs  >  vr,  which  is 
choice  (b). 


64.  I, 


BC 


1AB 


1HF 


lEG 


m(AB)2 

2 

ma 

3 

3 

m{BC)2 

4 

=  —  ma 
3 

3 

m{AB)2 

ma 2 

12 

12 

m(BC)2 

ma2 

12 

3 

Thus,  the  moment  of  inertia  about  HF  is  the  mini¬ 
mum,  which  is  choice  (c). 

65.  In  one  full  revolution  the  increase  in  PE  =  MgL, 
where  Mis  the  mass  of  the  rod.  Therefore, 
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MgL-\y-\ 


(  Ml}  ^ 


V 


C0~ 


or 


co 


=  pi  .  Now  v  =  Leo  =  i  pS  =  JfyT 
U  U 


Hence  the  correct  choice  is  (c). 

66.  PE  at  0  =  60°  is  Mgh  (1  -  cos  6)  where  h  is  the 
distance  between  the  axis  of  rotation  and  the  centre 
of  mass  of  the  disc.  Thus  h  =  R.  Gain  in  KE  when 

the  disc  reaches  the  equilibrium  position  =  ^  Iof 

1  3 

where  /  =  IC  M  +  Mx2  =  -  MR2  +  MR2  =  -  MR2. 

Here  x  is  the  distance  between  the  centre  of  mass 
and  the  axis  of  rotation,  i.e.  x  =  R. 

Now  PE  =  KE  gives 

MgR  (1  -  cos  60°)  =  ^  MR2  of 

[2 g 

which  gives  co  =  .  —  ,  which  is  choice  (b). 

V  3  R 

67.  Loss  in  PE  =  gain  in  rotational  KE.  Thus 

mgh  =  ^  (/+  mR2)  or  =  ^  ( MR 2  +  mR 2)  or 

=  ^  R2  (M  +  m)  of 


or  co= 


2mgh 


.  Hence  the  correct  choice  is  (c). 


1  (M  +  m)  R2 

68.  We  obtain  the  given  hollow  sphere  as  if  a  solid  sphere 
of  radius  R  has  been  removed  from  a  solid  sphere  of 
radius  2 R.  The  mass  of  the  given  hollow  sphere  is 
(here  p  is  the  density  of  the  material  of  the  sphere) 
M  =  Ml  —  M2 

4  ,  4  , 

where  Mx  =  —  n  (2 R)  p  and  M2  =  —  nRp  are  the 

masses  of  spheres  of  radii  2 R  and  R  respectively. 


M  =  ^  1 iR?p 


(i) 


The  moment  of  inertia  of  the  given  hollow  sphere  is 
'=\M\  (2 R?  -  |  M2R2 

=  \  x  (2^)3  p{2Rf  -  \  x  |  (nRip)R2 


5  3 

=  |  (32  —  1)  -j  1 zR5p 


(ii) 


62  7 

Using  (i)  in  (ii),  we  get  I  =  —  MR  ,  which  is 
choice  (d).  25 


69.  Let  /j  and  cot  be  the  moment  of  inertia  and  angular 
frequency  when  his  arms  are  outstretched  and  I2 
and  or  those  when  his  arms  are  folded.  Then 

V'T  =  I2co2 

3  3 

Given  I2  =  —  /,.  Hence  Ix  cox  =  —  Ix  co2 


or 


©7=  -  ©,. 


Initial  KE  is  Kx  =  ^  Ix  o}x  and  final  KE  i 


is 


K7  =  -  U  ©27  =  -  x  —  X 

2  2  2  4 


4  co. 


K,  -  K. 


K, 


x  100 


Percentage  increase  in  KE  = 

~rK\~Ki  100 

3 -  X  100  =  -  =  33.3% 

K,  3 


Hence  the  correct  choice  is  (a). 

70.  The  disc  is  rolling  about  the  point  O.  Thus  the 
axis  of  rotation  passes  through  the  point  A  and  is 
perpendicular  to  the  plane  of  the  disc.  From  the 
relation  v  =  rco  where  r  is  the  distance  of  the  point 
on  the  rim  about  the  axis  of  rotation,  we  have 

n  ca  m  3Ra> 
vA  =  0,  vb  =  (AB)  co= 

and  vc=  (AC)co  =  2Rco 


Hence 


3  Rco 


1 


vc  2  2  Rco 

choice  is  (c). 

71.  Refer  to  Fig.  8.71. 

The  angular  momen¬ 
tum  of  the  particle  at 
point  P(x,  y)  about 
origin  O  is  given  by 

L  =  777  r  x  v 


=  —  .  Thus  the  correct 
4 


=  777  x 


[xi  +  yj) 


=  -  myv  k 


(•••  i  X  i  =  0  and  j  x  /  =-  k) 


Now,  mass  m  and  velocity  v  are  constant.  Also  y 
remain  constant  as  the  particle  moves  parallel  to  the 
x-axis.  Hence  L  remains  constant.  Thus  the  correct 
choice  is  (b). 
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72.  Mass  per  unit  area  of  the  disc  = 


M 

nR2 


.  Therefore, 


mass  of  the  removed  portion  (hole  of  radius  R/ 3)  is 

M  fR')2  M 

kR~  \  3 )  9 

The  moment  of  inertia  of  the  complete  disc  about  an 
axis  passing  through  its  centre  O  and  perpendicular 
to  its  plane  is 

/=  -  MR2 
2 

Using  the  parallel  axes  theorem,  the  moment  of  iner¬ 
tia  of  the  removed  portion  of  the  disc  about  the  axis 
passing  through  O  and  perpendicular  to  the  plane  of 
the  disc  is 

I'  =  MI  of  mass  m  about  O'  +  m  x  00' 

1  (R\2  (2 R  ' 

2  V  3  J  l  3 

1  M  R2  M  4R2  1  2 

2  9  9  9  9  18 

Therefore,  the  moment  of  inertia  of  the  remaining 

1  , 

portion  of  the  disc  about  0  =  1—1'=  —  MR  — 
1  2  4  , 

—  MR"  =  —  MR  .  Hence  the  correct  choice  is  (d). 
18  9 

73.  Let  Mbe  the  mass  of  the  sphere.  The  mass  of  the 
disc  will  also  be  M.  The  moment  of  inertia  of  the 
sphere  about  its  diameter  is 

/  =  -  MR2 
s  5 

The  moment  of  inertia  of  the  disc  about  its  edge 
and  perpendicular  to  its  plane  is  (using  parallel  axes 
theorem) 

-Mr2  +  Mr 2  =  1 
2  2 


Id  =  Icm  +  Mh2  =  -  Mr  +  Mr2  =  -Mr2 


Given  Is  =  Id.  Hence,  we  have 

-  MR2  =  -  Mr 
5  2 

r  2 

which  gives  —  =  ,  which  is  choice  (a). 

74.  From  the  principle  of  conservation  of  mechanical 
energy,  we  have 

1  7  1  7  , 

—  mv~  +  —  lco  =  men 

2  2s 

1  7  1  r  (vV  3tr 

2  2  \R)  &  4 g 


On  solving,  we  get  /  = 


mR 


.  Hence  the  object  is  a 


disc,  which  is  choice  (d). 

75.  Consider  a  rod  OP  of  length  L  lying  along  the  v-axis 
with  O  as  the  origin  (Fig.  8.72).  Consider  a  small 
element  AB  of  length  dx  at  a  distance  x  from  O. 
_ A_B  - 

O! -  PCXXXXH  D 

nxxxxx]  I  / 

KXXXXXI 


dx 

Fig.  8.72 

Mass  of  element  AB  (=  dm)  =  mdx  =  (xdx) 
The  distance  of  the  centre  of  mass  from  O  is  given  by 

—  f  x2  dx 

J  .v  T 

XCM 


J  (d  m )  x 
J  (d  m ) 


o 


—  Jx  dx 


L3/  3 

i}  12 


2  L 

~Y 


The  correct  choice  is  (b). 

76.  When  the  tube  AB  is  rotated  about  its  end  A  in  a 
horizontal  plane  with  a  uniform  angular  velocity,  all 
points  of  the  tube  rotate  with  same  angular  velocity. 
Consider  a  small  element  of  the  liquid  of  length  dr 
at  a  distance  r  from  the  axis  of  rotation.  The  mass 
of  this  element  is  (see  Fig.  8.73). 


m 
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Force  exerted  by  the  element  is 

dF  =  m  r  co2  =  ( —^ja?r  dr 


Total  force  exerted  by  the  liquid  at  end  B  is 

r l( ]\L  \  ">  f  A/A  j  j*r 

'  dr  =  —  (0"  r  dr 
>o{  t  I  \  T  1  Jo 

I  l 


C 0 


1  2 

=  —  Mar L  , which  is  choice  (c). 


77.  Let  a>  be  the  angular  velocity  acquired  by  the  sys¬ 
tem  (rod  +  bullet)  immediately  after  the  collision. 
Since  no  external  torque  acts,  the  angular  momen¬ 
tum  of  the  system  is  conserved.  Thus 

mvL  =  I a>  (1) 

where  /  is  the  moment  of  inertia  of  the  system  about 
an  axis  passing  through  O  and  perpendicular  to  the 
rod.  Thus 

/  =  M.I.  of  rod  about  O  +  M.I.  of  bullet  stuck  at  its 
lower  end  about  O 


=  —  ML"  +  mL"  =  —  (M  +  3m)L2 

Using  Eq.  (1)  in  Eq.  (2),  we  have 

1  ? 

mvL=  -  ( M+3m)L"co 


(2) 


or 


a>  = 


3m  v 


L(M  +  3m) 

Lienee  the  correct  choice  is  (c). 

78.  The  initial  angular  momentum  of  the  rotating  re¬ 
cord  is 

L  =1(0 

1  ? 

where  I  =  —  MR. 

2 

Let  co'  be  the  angular  velocity  of  the  record  when 
the  coin  of  mass  m  is  placed  on  it  at  a  distance 
r  from  its  centre.  The  angular  momentum  of  the 
system  becomes 

L'  =  (I  +  mr2)co' 


Since  no  external  torque  acts  on  the  system,  the 
angular  momentum  is  conserved,  i.e. 

L'  =  L  or  (I  +  mr2)a>'  =  la) 

1 


or 


or 


a>  = 


I  co 


MR  co 


I  +  m  r" 


-MR2  +mr2 
2 


co  = 


CO 


2\ 


1  + 


MR 


Putting  r  =  R/2,  we  find  that  the  correct  choice  is  (a) 

79.  The  block  will  just  begin  to  slide  if  the  downward 
force  mg  sin  0  just  overcomes  the  frictional  force, 
i.e.  if  mg  sin  9  =  piN  =  g  mg  cos  0  =>  tan  9=  ju  = 
V3  =>0=60°  [see  Fig.  8.74] 

The  block  will  topple  if  the  torque  due  to  normal 
reaction  N  about  O  just  exceeds  the  torque  due  to 
mg  sin  0  about  0,  i.e. 

N  x  OA  =  mg  sin  0  x  OB 

=>  mg  cos  0x5  cm  =  mg  sin  0  x  —  cm 

2 

=>  tan  0  =  —  =>  0  =  34° 

3 

Since  0  for  toppling  is  less  than  0  for  sliding,  the 
correct  choice  is  (b). 


Fig.  8.74 


% 

Multiple  Choice  Questions  with  One  or  More  Choice  Correct 


1.  In  the  HC1  molecule,  the  separation  between  the 
nuclei  of  hydrogen  and  chlorine  atoms  is  1 .27  A. 
If  the  mass  of  a  chlorine  atom  is  35.5  times  that 
of  a  hydrogen  atom,  the  centre  of  mass  of  the  FICl 
molecule  is  at  a  distance  of 


(a) 

(b) 


35.5x1.27 

36.5 


A  from  the  hydrogen  atom 


35.5x1.27 

3625 


A  from  the  chlorine  atom 
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(c) 

(d) 


1.27 

3625 

1.27 

3625 


A  from  the  hydrogen  atom 
A  from  the  chlorine  atom 


2.  Choose  the  correct  statements  from  the  following: 

(a)  The  position  of  the  centre  of  mass  of  a  system 
of  particles  does  not  depend  upon  the  internal 
forces  between  particles. 

(b)  The  centre  of  mass  of  a  solid  may  lie  outside 
the  body  of  the  solid. 

(c)  A  body  tied  to  a  string  is  whirled  in  a  circle 
with  a  uniform  speed.  If  the  string  is  suddenly 
cut,  the  angular  momentum  of  the  body  will 
not  change  from  its  initial  value. 

(d)  The  angular  momentum  of  a  comet  revolving 
around  a  massive  star,  remains  constant  over 
the  entire  orbit. 

3.  Which  of  the  following  statements  are  correct? 

(a)  When  a  body  rolls  on  a  surface,  the  force 
of  friction  acts  in  the  same  direction  as  the 
direction  of  motion  of  the  centre  of  mass  of 
the  body. 

(b)  During  rolling,  the  instantaneous  speed  of  the 
point  of  contact  is  zero. 

(c)  During  rolling,  the  instantaneous  acceleration 
of  the  point  of  contact  is  zero. 

(d)  A  wheel  moving  down  a  perfectly  ffictionless 
inclined  plane  will  slip  and  not  roll  on  the 
plane. 

4.  In  which  of  the  following  is  the  angular  momentum 
conserved? 

(a)  The  planet  Neptune  moves  in  an  elliptical 
orbit  round  the  sun  with  the  sun  at  one  of 
the  foci  of  the  ellipse 

(b)  An  electron  describes  a  Sommerfieldian 
elliptical  orbit  round  the  nucleus 

(c)  An  a-particle,  approaching  a  nucleus,  is  scat¬ 
tered  by  the  force  of  electrostatic  repulsion 
between  the  two 

(d)  A  boy  whirls  a  stone,  tied  to  a  string,  in  a 
horizontal  circle 

5.  Four  tiny  masses  are  connected  by  a  rod  of 
negligible  mass  as  shown  in  Fig.  8.75. 

(a)  The  moment  of  inertia  of  the  system  about  axis 
AB  is  50  ma 2 

(b)  The  radius  of  gyration  od  the  system  about 
axis  AB  is  V5  a. 

(c)  The  moment  of  inertia  of  the  system  about 
axis  CD  is  10  nut2 

(d)  The  radius  of  gyration  of  the  system  about 
axis  CD  is  a. 


6.  The  moment  of  inertia  of  a  uniform  circular  disc  of 
mass  M  and  radius  R  about  its  centre  and  normal 

1  7 

to  its  plane  is  —  MR".  Then 

(a)  its  radius  of  gyration  about  the  centre  is  R. 

(b)  the  moment  of  inertia  of  the  disc  about  its  di- 

1  7 

ameter  is  —  MR". 

4 

(c)  the  moment  of  inertia  of  the  disc  about  an  axis 
passing  through  a  point  on  its  edge  and  normal 

3  2 

to  the  disc  is  —  MR  . 

2 


(d)  the  moment  of  inertia  of  the  disc  about  a  tangent 

5  2 

in  the  plane  of  the  disc  is  —  MR". 

7.  A  molecule  consists  of  two  atoms,  each  of  mass  m, 
separated  by  a  distance  a.  The  rotational  kinetic  en¬ 
ergy  of  the  molecule  is  K  and  its  angular  frequency 
is  co.I  is  the  moment  of  inertia  of  the  molecule  about 
its  centre  of  mass.  Then 

(a)  1  =  ma 2  (b)  I  =  —  ma2 


(d)  com-  - 
a  V  777 


8.  A  circular  ring  of  mass  m  and  radius  r  rolls  down 
an  inclined  plane  of  height  /?.  When  it  reaches  the 
bottom  of  the  plane  its  angular  velocity  is  co  and  its 
rotational  kinetic  energy  is  K.  Then 


(a)  co=  -Jgh 
r 

(c)  K  =  mgh 


(b)  co  = 
(d)  K  = 


_1_ 

2  r 

—  mgh 


9.  A  rope  is  wound  round  a  solid  cylinder  of  mass  M 
and  radius  R.  If  the  rope  is  pulled  with  a  force  F,  the 
cylinder  acquires  an  anglular  acceleration  a  and  the 
rope  acquires  a  linear  acceleration  a.  Then 


(a)  a  = 
(c)  a  = 


F 

MR 

2F_ 

M 


(b)  a  = 
(d)  a  = 


2  F 
MR 
F 
M 
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10.  A  solid  sphere  rotating  about  its  diameter  at  an 
angular  frequency  cohas  rotational  kinetic  energy  AT. 

When  it  is  cooled  so  that  its  radius  reduces  to  —  of 

n 

its  original  value,  the  new  values  of  (0  and  K  become 
co'  and  K'  respectively.  Then 


,  ,  (0 
(a)  —  =  n 
(0 

K' 

(c)  —  =  n 
K 


(b)  -  =  n2 
(0 

(d)  —  =  n2 
K 


11.  Three  forces  act  on  a  wheel  of  radius  20  cm  as  shown 
in  Fig.  8.76. 


4  N 


Fig.  8.76 

(a)  The  torque  produced  by  the  force  of  8N  is 
0.8  Nm  clockwise. 

(b)  The  torque  produced  by  the  force  of  4  N  is 
0.8  Nm  anticlockwise. 

(c)  The  torque  produced  by  the  force  of  9  N  is 
zero. 

(d)  The  net  torque  produced  by  the  forces  is 
1.8  Nm  clockwise. 

12.  A  solid  cylinder  rolls  down  a  rough  inclined  plane 
without  slipping  as  shown  in  Fig.  8.77.  Choose  the 
correct  statement  (s)  from  the  following. 


Fig.  8.77 

(a)  If  6  is  decreased,  the  force  of  friction  will 
decrease. 

(b)  Frictional  force  is  dissipative. 


(c)  Frictional  force  =  p  mg  cos  9,  where  m  is  the 
mass  of  the  cylinder  and  p  the  coefficient  of 
friction  between  the  cylinder  and  the  plane. 

(d)  Frictional  force  helps  rotational  motion  of 
the  cylinder  but  opposes  its  translational  mo¬ 
tion. 

13.  A  spherical  ball  is  released  from  rest  from  point  A 
on  a  hemispherical  surface  and  it  rises  up  to  a  point 
C  as  shown  in  Fig.  8.78.  Part  AB  of  the  surface  is 
rough  and  the  ball  rolls  from  A  to  B  without  slip¬ 
ping.  Part  BC  of  the  surface  is  frictionless.  KA,  KB 
and  Kc  are  kinetic  energies  of  the  ball  at  points  A, 
B  and  C  respectively.  Which  of  the  following  is/are 
correct? 

(a)  KA  =  Kc,  hA  =  hc  (b)  K„  >  KA,  hA  <  hc 
(c)  Kb  >  Kc,  hA  >  hc  (d)  Kc  >  Ka,  hA  >  hc 


14.  The  moment  of  inertia  of  a  uniform  disc  about  its 
diameter  is  I.  Then  the  moment  of  inertia  about  an 
axis 

(a)  passing  through  its  centre  and  perpendicular 
to  its  plane  is  21. 

(b)  tangential  to  its  plane  is  51. 

(c)  tangential  and  perpendicular  to  its  plane  is  61. 

(d)  all  the  above  choices  are  correct. 

15.  A  wire  of  mass  M,  length  L  and  density  p  is  bent  to 
form  a  circular  ring  of  radius  R.  Then,  the  moment 
of  inertia  of  the  ring  about  its  diameter  is 


(a)  -MR2 
2 


(b)  nR4Lp/2 


(c) 


ML" 


(d) 


pR2L 2 


87T  Sn 

16.  A  uniform  solid  sphere  and  a  solid  cylinder  of  the 
same  mass  and  the  same  diameter  are  released  from 
rest  on  the  top  of  an  inclined  plane  of  inclination  6. 
If  they  roll  down  the  plane  without  slipping,  then 

(a)  the  acceleration  of  each  down  the  plane  is 
g  sin  9. 

(b)  the  ratio  of  the  accelerations  of  the  sphere 
and  the  cylinder  is  15:14. 

(c)  the  ratio  of  the  times  taken  by  the  sphere  and 
the  cylinder  to  reach  the  bottom  of  the  plane 


is  Vl4  :  Vl5  . 

(d)  the  sphere  and  the  cylinder  will  reach  the 
bottom  with  the  same  speed. 


8.46  Comprehensive  Physics — JEE  Advanced 


17.  A  rope  is  wound  around  a  hollow  cylinder  of  mass 
3  kg  and  radius  20  cm.  The  rope  is  pulled  with  a 
constant  force  of  30  N.  If  a  is  the  angular  accelera¬ 
tion  of  the  cylinder  and  a  the  linear  acceleration  of 
the  rope,  then 

(a)  a  =  50  rad  s~2  (b)  a  =  40  rad  s~2 

(c)  a  =  30  ms~2  (d)  a  =  10  ms~2 

18.  A  rope  of  negligible  mass  is  wound  around  the 
circumference  of  a  bicycle  wheel  (without  tyre)  of 
diameter  1  m.  A  mass  of  2  kg  is  attached  to  the  end 
of  the  rope  and  is  allowed  to  fall  from  rest.  The  mass 
falls  2  m  is  4  s.  The  axle  of  the  wheel  is  horizontal 
and  the  wheel  rotates  in  the  vertical  plane.  Take  g  = 
1 0  ms~2  and  neglect  the  friction  due  to  air. 

(a)  the  linear  acceleration  of  the  wheel  is 
0.25  m  s~2. 

(b)  the  angular  acceleration  of  the  wheel  is  0.5 
rad  s  2. 

(c)  the  magnitude  of  the  torque  acting  on  the 
wheel  is  10  Nm. 

(d)  the  moment  of  inertia  of  the  wheel  about  the 
horizontal  axle  is  20  kg  m2. 

19.  A  smooth  sphere  A  is  moving  on  a  horizontal  friction- 
less  surface  with  angular  speed  mand  centre  of  mass 
velocity  v.  It  collides  head-on  with  an  identical  sphere 
B  at  rest.  After  the  collision  their  angular  speeds  are 
C0A  and  coB  respectively.  If  the  collision  is  elastic  and 
the  friction  is  neglected,  then 

(a)  coA  =  co  (b)  coB  =  0 

(c)  coA  <  coB  (d)  coA  =  (oB 

<  IIT,  1999 

20.  The  torque  acting  on  a  body  about  a  given  point  is 
given  by  T  =  A  x  L  where  j  is  a  constant  vector 

and  L  is  the  angular  momentum  of  the  body  about 
that  point.  It  follows  that 

(a)  is  perpendicular  to  L  at  all  instants  of 
dt 

time. 

(b)  the  component  of  L  in  the  direction  of  A 
does  not  change  with  time. 

(c)  the  magnitude  of  L  does  not  change  with 
time. 

(d)  All  the  above  choices  are  correct. 

<  IIT,  1998 

21.  A  uniform  bar  of  length  6 a  and  mass  8  m  lies  on 
a  horizontal  frictionless  table.  Two  point  masses 
m  and  2m  moving  in  opposite  directions  but  in 
the  same  horizontal  plane  with  speeds  2v  and  v 
respectively  strike  the  bar  at  distance  a  and  2 a  from 
one  end  and  stick  to  the  bar  after  the  collision.  Then 
after  the  collision 


(a)  the  velocity  of  centre  of  mass  is  zero. 

(b)  the  angular  speed  of  the  bar  with  the  masses 

,  •  •  v 
stuck  to  it  is  —  . 

5  a 


(c) 


(d) 


the  moment  of  inertia  of  the  bar  with  masses 
stuck  to  it  about  the  axis  passing  through  the 
end  of  the  bar  and  perpendicular  to  its  plane 
is  30  ma  . 


3  2 

the  total  energy  of  the  bar  —mv. 


<  IIT,  1991 

22.  A  disc  of  mass  M  and  radius  R  is  rolling  with 
angular  speed  co  on  a  horizontal  surface  as  shown 
in  Fig.  8.79.  The  magnitude  of  angular  momentum 
of  the  disc  about  the  origin  O  is  (here  v  is  the  linear 
velocity  of  the  disc) 


(c)  MRv  (d)  ^  MRv 


<  IIT,  1999 

23.  Which  of  the  following  statements  is/are  correct 
about  a  particle  moving  in  a  circle  with  a  constant 
speed? 

(a)  The  linear  velocity  and  acceleration  vectors 
are  perpendicular  to  each  other. 

(b)  The  linear  velocity  vector  is  always  perpen¬ 
dicular  to  the  angular  velocity  vector. 

(c)  The  force  acting  on  the  particle  is  radial. 

(d)  The  force  does  no  work  on  the  particle. 

24.  The  position  vector  of  a  particle  with  respect 
toorigin  O  is  r  .  If  the  torque  acting  on  the  particle 
is  zero,  then 

(a)  the  linear  momentum  of  the  particle  remains 
constant. 

(b)  the  angular  momentum  of  the  particle  about 
O  remains  constant. 


(c)  the  force  applied  to  the  particle  is  perpendicular 
to  r  . 

(d)  the  force  applied  to  the  particle  is  parallel  to 

r  . 
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25.  A  block  of  mass  m  is  connected  to  a  spring  of 
spring  constant  k  through  a  fixed  pulley  of  radius 
r  as  shown  in  Fig.  8.80.  The  mass  of  the  pulley  is 
2m.  The  block  is  pulled  down  by  x0  from  the 
equilibrium  position  and  released.  The  spring  has 
negligible  mass.  Then 

,  ,  ,  1  2 

(a)  the  total  energy  of  the  system  is  —  kx q  . 


(b)  the  velocity  of  the  block  when  it  is  at  a 
distance  x  from  the  equilibrium  position  is 


—  (  r2  ■ 


— il  /  2 


2  m 


V'o 


(c)  the  velocity  of  the  block  is  maximum  when 
x  =  x0. 

(d)  the  velocity  of  the  block  is  zero  when  x  =  x0. 


Fig.  8.80 

26.  A  rod  of  mass  M=  0.9  kg  and  O 

length  L  =  1  m  is  suspended 
at  O  as  shown  in  Fig.  8.81. 

A  bullet  of  mass  m  =  100  g 
moving  with  velocity  v  =  80 
ms-1  in  the  horizontal  direction 
strikes  the  end  P  of  the  rod  and 
gets  embedded  in  it.  If  /  is  the 
moment  of  inertia  of  the  system 
and  co  is  the  angular  velocity 
immediately  after  the  collision, 
then  m 

(a)  I  =  0.4  kgm2  ■  p 

(b)  /  =  0.3  kgm2  Fig.  8.81 

(c)  co  =  20  rad  s_1 

(d)  co  =  26.7  rad  s_1 

27.  A  wheel  is  initially  at  rest.  A  constant  torque  T  acts 
on  it  for  a  time  t.  As  a  result,  the  wheel  acquires  an 
angular  acceleration  a  and  angular  velocity  co.  If 
the  angular  displacement  produced  is  0,  then 

(a)  0  r  (b)  a  =  constant 

(c)  co  oc  t  (d)  power  OC  CO 

28.  A  string  of  length  L  and  of  negligible  mass  hangs 
from  a  support  O.  The  other  end  of  the  string  carries 


a  mass  m  which  is  moved  in  a  horizontal  circle  of 
radius  R  to  form  a  conical  pendulum.  If  the  string 
makes  an  angle  9  =  60°  with  the  vertical,  then 
(a)  the  speed  of  the  body  along  the  circle  is 


v  = 

(b)  the  tension  in  the  string  is  2 mg. 

(c)  the  horizontal  component  of  the  angular  mom- 

73  [Z~ 

entum  of  the  body  point  O  is  -y  mL  ■ 


(d)  the  magnitude  of  the  torque  acting  on  the 

73 

body  about  point  O  is  —  mgL. 


29.  A  solid  cylindrical  roller  of  mass  M  and  radius  R  is 
rolled  on  a  rough  horizontal  surface  by  applying  a 
horizontal  force  F.  If  aCM  is  the  linear  acceleration 
of  the  centre  of  mass  and  /  is  the  frictional  force 
between  the  roller  and  the  surface,  then 


(a)  aCM 


F 

M 


(b)  aCM 


2  F 

3  M 


(c)  /=  y  (d)  /=  zero 

30.  If  the  resultant  of  all  the  external  forces  acting  on 
a  system  of  particles  is  zero,  then  for  an  inertial 
frame,  one  can  surely  say  that 

(a)  linear  momentum  of  the  system  does  not 
change  in  time 

(b)  kinetic  energy  of  the  system  does  not  change 
in  time 

(c)  angular  momentum  of  the  system  does  not 
change  in  time 

(d)  potential  energy  of  the  system  does  not 
change  in  time 

<  IIT,  2009 

31.  A  sphere  is  rolling  without  slipping  on  a  fixed 
horizontal  plane  surface.  In  Fig.  8.82,  A  is  the  point 
of  contact,  B  is  the  centre  of  the  sphere  and  C  is  its 


topmost  point. 

Then, 

(a) 

Vc  ■ 

-  VA 

=  2 (VB  - 

VC) 

(b) 

VC  ■ 

-Vb 

1^ 

l 

t£ 

ii 

(c) 

Vc 

-Va\ 

=  2  \VB 

-VC 

(d) 

\VC 

-Va 

=  \VB\ 

Fig.  8.82 


IIT,  2009 
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32. 


A  thin  ring  of  mass  2  kg  and  radius  0.5  m  is  rolling 
without  slipping  on  a  horizontal  plane  with  velocity 
1  m/s.  A  small  ball  of  mass  0. 1  kg,  moving  with  velocity 
20  m/s  in  the  opposite  direction  hits  the  ring  at  a  height 
of  0.75  m  and  goes  vertically  up  with  velocity  10  m/s. 
Immediately  after  the  collision  [See  Fig.  8.83] 

(a)  the  ring  has  pure  rotation  about  its  stationary 
CM. 

(b)  the  ring  comes  to  a  complete  stop. 

(c)  friction  between  the  ring  and  the  ground  is 
to  the  left. 


(d)  there  is  no  friction  between  the  ring  and  the 
ground. 


'  IIT,  2011 


ANSWERS  AND  SOLUTIONS 

1.  Since,  most  of  the  mass  of  an  atom  is  concentrated 
in  its  nucleus  and  the  size  of  a  nucleus  (which  is  of 
the  order  of  10_1?  m)  is  very  small  compared  to  the 
separation  between  the  hydrogen  and  chlorine  atom 
(which  is  1.27  x  10~10  m),  the  atoms  can  be  treated 
as  point  masses. 

The  centre  of  mass  of  HC1  molecule  will  be  on 
the  line  joining  the  two  atoms.  Let  us  say  that  the 
H  atom  is  located  at,  say,  x  =  0  and  the  Cl  atom 
at  x  =  x.  Let  xCM  be  the  position  of  the  centre  of 
mass  between  x  =  0  and  x  =  x.  If  mi  and  m2  are  the 
masses  of  H  and  Cl  atoms,  then  from  the  definition 
of  centre  of  mass,  we  have 

W7j  X  0  +  m2x  _  m2x 

xcm  =  ;  ~  =  ~ 

Wj  +  m2  n\  +  m2 

Nowx  =  separation  between //and  Cl  atoms  =  1.27 
A  and  m2  =  35.5  ml.  Hence 

_  35.5  ml  x  1.27 A  _  35.5xl.27A 

XCM  ,  - 

w71+35.5w21  36  5 

This  gives  the  distance  of  the  centre  of  mass  from 

the  hydrogen  atom.  The  distance  of  the  centre  of 

mass  from  the  chlorine  atom  is 

127  A  -  35.5  x  1.27  A  =  1.27A 
36.5  36.5 

Hence  the  correct  choices  are  (a)  and  (d). 

2.  The  only  incorrect  statement  is  (c).  Since  no  external 
torque  acts  on  the  body  even  after  the  string  is  cut, 
the  angular  momentum  will  remain  unchanged. 

3.  Statement  (a)  is  correct.  The  direction  of  motion  of 
the  centre  of  mass  is  the  direction  along  which  the 
body  rolls.  Since  the  force  of  friction  is  opposite  to 
the  direction  of  the  velocity  of  the  point  of  contact, 
the  force  of  friction  acts  in  the  direction  of  motion 
of  the  centre  of  mass.  Statement  (b)  is  also  correct. 
At  each  instant  of  time,  the  point  of  contact  is  mo¬ 
mentarily  at  rest.  Statement  (c)  is  incorrect.  Since 
the  body  is  rotating  while  it  is  rolling,  the  direction 
of  the  velocity  is  changing  with  time.  Hence  the 


acceleration  of  the  point  of  contact  is  not  zero. 
Statement  (d)  is  correct.  Rolling  cannot  take  place 
in  the  absence  of  friction  because  it  is  the  friction¬ 
al  force  that  provides  the  necessary  torque  which 
makes  the  body  roll  on  a  surface.  Hence  the  correct 
choices  are  (a),  (b)  and  (d). 

4.  The  angular  momentum  is  conserved  in  the  four 
cases.  The  object,  in  each  case,  is  moving  under 
the  action  of  a  central  (radial)  force.  The  torque 

dL 

due  to  a  radial  force  is  zero.  Since  T  =  —  ;  the 

dt 


5. 


angular  momentum  L  does  not  change  with  time. 
All  four  choices  are  correct. 

The  moment  of  inertia  about  AB  is 

1  =  777  jr  j  +  m2r2  +  m2r2  +  m4r4 

=  777  x  0  +  2m  x  (a)2  +  3m  x  (2a)2  +  4777  x  (3a)2 
=  0  +  2  777a2  +  127?7a2  +  3  6777a2  =  50ma 2 
The  radius  of  gyration  K  is  given  by 

/  =  MK 2  =  (777  j  +  777  2  +  7773  +  m4)K 2 
=  (777  +  2m  +  3m  +  4m)K2  =  lOmK 2 


y  jl  50777a2  r 

or  K=  4 -  =  -  =V5<3 


V 1 0777  V  1 0777 

The  moment  of  inertia  about  CD  is 
/  =  777  x  (2a)2  +  2  777  x  (a)2  +  3 777  x  0  +  4  m  x  (a)2 
=  4  777a2  +  2?77a2  +  0  +  4777a2  =  1  Oma2 
The  radius  of  gyration  is 


/ 


1  Oma 


1  Oma2 
1 0777 


6.  The  correct  choices  are  (b),  (c)  and  (d). 

Let  us  consider  two  perpendicular  diameters,  one 
along  the  x-axis  and  the  other  along  the  y-axis. 
Then 

Ir  =  1  =  -  MR 2 

x  y  4 

According  to  the  perpendicular  axes  theorem,  the 
moment  of  inertia  of  the  disc  about  an  axis  passing 
through  the  centre  is 
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L  =/+/=-  MR 2  +  -  MR 2 

y  4  4 

=  -  MR2 

2 

which  is  choice  (b). 

Since  the  disc  is  uniform,  its  centre  of  mass  co¬ 
incides  with  its  centre.  Therefore,  the  moment  of 
inertia  of  the  disc  about  an  axis  passing  through  its 
centre  of  mass  and  nonnal  to  its  plane  is 

Icm  =  IC=  \  MR2 

According  to  the  theorem  of  parallel  axes,  the  mo¬ 
ment  of  inertia  of  the  disc  about  an  axis  passing 
through  a  point  on  its  edge  and  normal  to  its  plane 
is  given  by 

Ie  =  /CM  +  Mh 2  =  -  MR2  +  MR2 

2  C-h-R) 

=  -  MR2. 

2 

From  the  parallel  axes  theorem,  the  moment  of  in¬ 
ertia  of  the  disc  about  a  tangent  is  —  MR2  +  MR 2  = 

-MR2. 

4 

7.  The  correct  choices  are  (b)  and  (d). 

Since  the  two  atoms  have  the  same  mass,  the  cen¬ 
tre  of  mass  is  at  a  distance  of  a/2  from  each  atom. 
Therefore,  the  moment  of  inertia  of  the  molecule 
about  its  centre  of  mass  is 

f  a\2  fa\2  ma 2 

1  =  m  —  M=  m  —  =  - 

\2)  V2J  2 

Kinetic  energy  is  k  =  ^  IaT,  which  gives 


(0  = 


2k  2  2  k 

2  X  1  J 

ma  l  a  V  m 


1 


1  ?  l  ,  l 

8.  mgh  =  —  mv  +  —  IaT  =  —  mvl  +  —  ( mr~)of 


1  2  2  1  2  2 

=  —  mr  co  +  —  mr  co 
2  2 

=  mr2m2 


(  v  I  =  mr2) 
(  v  V  =  red) 


CO  =  ~y[gh  ■  Also 


1  7  1  ^  gh  1 

K=  ~  I  CO  =  —  (mr)  X  —  =  —  mgh 

2  2  r  2 

Hence  the  correct  choices  are  (a)  and  (d). 

1  9 

9.  /  =  —  MR"  and  torque  t  =  FR  =  la.  Hence 


FR 


a  = 


FR 

- MR 2 
2 


2  F 
MR 


Also 


„  2  F 

a  =  aR=  — 
M 


Thus  the  correct  choices  are  (b)  and  (c). 

10.  The  correct  choices  are  (b)  and  (d). 

2  2  „  2  (r\2  I 


Ico  =  I'm',  I  =  —  mr ",  F  =  —  m  —  =  — y  . 


/' 

Hence  Im=  —  m' 
n 

or  m'  =  n2m 

K  =  —  IaT,  K'  =  -  I'm'2  =  -  x  ^-( n2m )2 
2  2  2  n2 

=  Q Im2^n2  =  n2K . 

11.  The  torques  produced  by  forces  8  N,  4  N  and  9  N 
respectively  are 

Tj  =  8  N  x  0.2  m  x  sin  30°  =  0.8  Nm  (clockwise) 
t2  =  4  N  x  0.2  m  x  sin  90°  =  0.8  Nm  (anticlockwise) 
t3  =  9  N  x  0.2  m  x  sin  90°  =  1.8  Nm  (clockwise) 
Net  torque  =  0.8  -  0.8  +  1.8  =  1.8  Nm  clockwise 
Hence  the  correct  choices  are  (a),  (b)  and  (d). 

12.  Refer  to  the  Fig.  8.84.  Here /is  the  frictional  force. 
The  linear  acceleration  of  the  centre  of  mass  of  the 
rolling  cylinder  is  given  by 

gsin0 


1+  /cm 


(1) 


mR 


where  R  is  the  radius  of  the  cylinder  and  7cm  is  the 
moment  of  inertia  of  the  cylinder  about  the  centre 
of  mass  which  is  given  by 

4n=  \mRl 


Using  this  in  Eq.  ( 1),  we  have 
gsin0 


«cm  1  + 


n2  _  2g  sin  0 
mR  —  - - - 


2mRz 

Now,  for  linear  motion,  we  have 
wgsin  d  —  f—  macm 


(2) 


(3) 
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Using  Eq.  (2)  in  Eq.  (3),  we  get 

.  2mg  sin  9 

mgsmO  -  f  =  - - - 

.  mg  sin  6 

which  gives  J  =  - 


(4) 


It  follows  from  Eq.  (4)  that  if  6  is  decreased,/ will 
also  decrease.  Hence  choice  (a)  is  correct.  As  the 
cylinder  is  rolling  down,  the  point  of  application  of 
the  frictional  force  is  at  rest  at  any  given  instant. 
Hence  no  work  is  done  by  the  frictional  force,  i.e. 
the  frictional  force  is  not  dissipative.  Therefore, 
statement  (b)  is  wrong.  Statement  (c)  is  also  wrong 
as  /  is  given  by  Eq.  (4).  Statement  (d)  is  correct 
because  the  frictional  force  provides  torque  =  fR 
to  help  rotational  motion  but  it  will  oppose  transla¬ 
tional  motion.  Hence  the  correct  choice  are  (a)  and 
(d). 

13.  The  ball  is  at  rest  at  point  A.  Hence  its  kinetic  en¬ 
ergy  Ka  (rotational  +  translational)  is  zero,  it  has 
only  gravitational  potential  energy  mghA.  As  it  is 
released  at  A,  it  begins  to  roll  (due  to  friction  in  part 
AB)  thus  acquiring  kinetic  energy  at  the  expense  of 
gravitational  potential  energy.  When  it  reaches  point 
B,  its  kinetic  energy  consists  of  both  rotational  and 
translational  energy.  At  point  B  its  potential  energy 

is  zero.  At  point  B ,  the  rotational  kinetic  energy  is  — 

Ico2,  where  co  is  the  angular  velocity  at  point  B  and  / 
is  the  moment  of  inertia  of  the  ball  about  its  centre. 
Since  part  BC  is  frictionless,  the  torque  on  the  ball  is 
zero.  Hence  its  angular  momentum  L  =  Ico  remains 
constant  in  part  BC.  Hence,  the  angular  velocity  co 
of  the  ball  remains  constant  in  part  BC.  The  transla¬ 
tional  kinetic  energy  is  converted  into  gravitational 
potential  energy.  At  point  C,  the  translational  kinetic 
energy  of  the  ball  is  zero;  it  has  rotational  kinetic 
1  2  .  . 

energy  —  Tot)  and  gravitational  potential  energy 


mg  hc.  Thus 


ka  =  o 

1,1, 
KR=  -  mv  +  -  Ico 
2  2 


(1) 

(2) 


where  v  is  the  linear  velocity  of  the  centre  of  mass 
of  the  ball  and 

Kc=  X-Ico 2  (3) 

It  follows  from  (1),  (2)  and  (3)  that  KB  >  Kc  >  KA. 
Now  total  energy  at  A  is  EA  =  0  +  mghA  =  mghA  and 

1  2 

total  energy  at  C  is  Ec  =  —  Ico "  +  mg  hc.  From  the 


law  of  conservation  of  energy  EA  =  Ec,  i.e.  mg  hA 

1  ,  1  2 

=  —  I  OX  +  mg  hc  or  mg  (hA  -  hc)  —  —  Ico.  Since  the 

right  hand  side  of  this  equation  is  positive,  hA  >  hc. 
Hence  the  correct  choices  are  (c)  and  (d). 

14.  From  perpendicular  axes  theorem,  Ix  +  /  =  Ic.  Hence 
/  =  /  +  /=  21.  [see  Fig.  8.85(a)] 

1  7 

we  knows  that  L  =  —  MR 
c  2 


15. 


From  parallel  axes  theorem  [see  Fig.  8.84  (b)],  we 
have 

IAB=IX  +  MR2  =  I+  41=51. 

Using  parallel  axes  theorem  [see  Fig.  8.84  (c)],  we 
have 

IBO  =  IC  +  MR 2  =  21  +  41  =  61. 

Hence  the  correct  choice  is  (d). 

M 


kR2L 


L  =  2nR 


M=  nR-Lp 


R=  — 
2n 


(1) 


(2) 


The  moment  of  inertia  of  a  ring  about  an  axis 
passing  through  its  centre  and  perpendicular  to  its 
plane  =  MR2.  From  the  parallel  axes  theorem,  the 
moment  of  inertia  of  the  ring  about  its  diameter  = 

1  7 

—  MR  .  Using  Eqs.  (1)  and  (2)  we  find  that  all  the 

four  choices  are  correct. 

gsin0 


16.  Acceleration  a  = 


MR- 
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If  s  is  the  distance  along  the  inclined  plane,  the 
velocity  when  the  body  reaches  the  bottom  of  the 
plane  is  given  by  v2  -  0  =  las  =>  v  =  4las  and  the 
time  taken  to  reach  the  bottom  is 

2s  I  1  + 


For  cylinder: 
For  sphere: 
Hence 


t=  *  = 


1  ? 

I  =  -  MR 2 


I  =  2  MR 2 
s  5 


MR1 


1/2 


gsin0 


a,.  = 


2gsin0 


and  a  v  = 


5gsin0 


giving 

Also 

‘•'c  \  ~c 

Thus  the  correct  choices  are  (b)  and  (c). 
17.  1  =  MR 2  and  t  =  FR. 

FR  _F_  _  30 

MR 


T 

a=  -  = - y 

I  MR2 


3x0.2 

-2 


=  50  rad  s 


-2 


a  =  Ra=  0.2  x  50  =  10  ms 
The  correct  choices  are  (a)  and  (d). 


18. 


1  2 

s  =  ut  +  —  at ~  : 
2 


■  a  =  0.25  ms 


2  =  0+  —  x  a  x  (4)2 
2 


-2 


a  0.25  2 

a=  —  =  -  =  0.5  rad  s 

R  0.5 

T  =  mg  X  moment  arm  =  2  x  10  X  0.5  =  10  Nm 

/  =  -  =  -^  =  20  kg  m2 
a  0.5 

Hence  all  the  four  choices  are  correct. 

19.  Since  the  collision  is  elastic  and  head-on  and  the 
spheres  have  the  same  mass,  they  will  exchange 
their  velocity  after  the  collision,  i.e.  A  comes  to 
rest  and  B  moves  with  velocity  v.  Since  there  is  no 
friction,  the  torque  on  each  sphere  is  zero.  Hence 
their  angular  speeds  remain  unchanged  on  colli¬ 
sion.  Thus  the  correct  choices  are  (a)  and  (b). 

20.  Given  T  =  Ax L  (1) 

-  dL  dL 

We  know  that  f  =  —  .  Hence  —  =  7  v  f .  This 
dt  dt  AXL 

dL  -  - 

means  that  —  is  perpendicular  to  both  L  and  A  . 

Hence  choice  (a)  is  correct. 

Now  L  L  =  L2,  where  L  is  the  magnitude  of  L  . 


Differentiating,  we  have 

-  dL  dL  -  „  „  dL 

=>  L  ■  —  +  —  ■  L  =  2  L  — 

dt  dt  dt 

~  r  dL  _  dL 

=>  2  L  ■  —  —  2  L  — 

dt  dt 

-  dL  -  dL 

Since  II —  ;  L  ■  —  =  0.  Hence 
dt  dt 

T  dL  n  dL  ,  . 

L  —  =  0  =>  —  =  0  =>  L  =  constant.  Hence  choice 
dt  dt 

(c)  is  correct.  Since  —  FA,  choice  (b)  is  also  cor- 
dt 

rect.  Thus  the  correct  choice  is  (d). 

21.  Since  no  external  force  is  applied,  the  linear  mo¬ 
mentum  is  conserved.  Hence 

(8  m  +  m  +  2  ni)vcu  =  2 m(—  v )  +  m(2v)  +  8 m  x  0 

where  uCM  is  the  velocity  of  the  centre  of  mass. 
This  gives  nCM  =  0. 

The  moment  of  inertia  of  the  system  is 

/  =  2m a2  +  m{2a)2  +  —  x  8 m  x  (6a)2 

=  2m a2  +  4ma2  +  24m a2  =  30  ma2 
Since  no  external  torque  is  applied,  the  angular 
momentum  of  the  system  is  conserved.  If  co  is  the 
angular  speed,  then 

2  mv  x  a  +  m  X  2v  X  2a  =  IdT 


6mva  =  30«7  a2  of 


v 


CO  = 


5  a 


The  system  has  no  translational  K.E.  Hence 
Total  K.E.  =  K.E.  of  rotation 

=  -  ICO2 
2 


1 


=  —  30  maA  X  I  —  1  =  —  mv 


2  b  a)  5 

Hence  all  the  four  choices  are  correct. 

22.  The  angular  momentum  about  O  is 

L0  =  A:m  +  Ni(^xf) 

Its  magnitude  is  and  LCM  =  Ico 

L0  =  I  co  +  MRv 

=  ^MR2  j  co+  MR  xRco  (• :  v  =  Rco ) 

=  -  MR2  co 
2 
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3  9  ( v\  3 

=  -  MR 2  x  —  =  -  MRv 

2  VR)  2 

Hence  the  correct  choices  are  (a)  and  (d). 

23.  All  the  four  choices  are  correct.  The  linear  veloc¬ 
ity  v ,  angular  velocity  co  and  radius  vector  F  are 
related  as 

v  =  cb  x  r 

Hence  v  is  perpendicular  to  both  CD  and  r  .  Hence 
choice  (b)  is  correct.  The  acceleration  (and  hence 
force)  is  centripetal  (towards  the  centre)  and  v  is 
T  F  .  Hence  choice  (a)  and  (c)  are  correct.  Since  F 
is  T  F ,  the  work  done  is  zero.  Hence  choice  (d)  is 
also  correct. 

24.  f  =  F  xF  and  x=  —  .  Hence  the  correct  choices 

dt 

are  (b)  and  (d). 

1  2 

25.  Total  energy  before  the  block  is  released  =  —  kx 0. 

After  the  block  is  released,  the  total  energy  when 
it  is  at  a  distance  x  from  the  equilibrium  position 
=  K.E.  of  block  +  rotational  K.E.  of  pulley  +  P.E. 

•  i  •  1  2  1  2  1  2 

stored  in  the  spring  =  —  mv  +  —  Ipco  +  —  kx  . 


where  I„  =  —  m,r2  =  —  x  (2 m)r2  =  mr2. 
p  2  p  2 


From  the  principle  of  conservation  of  energy,  we 
have  ( v  v  =  red) 


—  kx o  =  —  mv2  +  —  x  {mr2)  x  (  —  j  +  —  kx2 
2  0  2  2  \r)  2 


which  gives  v  = 


k 

2m 


Thus  v  is  maximum  when  x  =  0.  Hence  the  correct 
choices  are  (a),  (b)  and  (d). 


26.  1=  mL2  +  ^ML2  =  0.1  x(l)2+  i  x0.9x(l)2 
=  0.4  kgm2 

From  conservation  of  angular  momentum,  we  have 
mvL  =  I eo 

mvL  0.1x80x1 


(0  = 


=  20  rad  s  l. 


I  0.4 

The  correct  choices  are  (a)  and  (c). 

27.  co  =  co0  +  at  =>  co  =  0  +  at  =  at.  Since  r  is  constant 


and  r =Ia,  it  follows  that  ais  constant.  Hence  co°^t. 
Also  0  =  ^  at2.  Hence  0  °c  t2.  Also  power  P  =  r co. 
Hence  P  oc  co.  Thus  all  the  four  choices  are  correct. 


28.  Refer  to  Fig.  8.86.  OA  =  OB  =  OC  =  L 
R  =  I  sin  0 ,  OD  =  L  cos  9 


T  sin  9  =  mg 

(1) 

mv2 

T  cos  9= - 

(2) 

R 

Dividing  ( 1 )  by  (2),  we  get 
v  =  J  Rg  tan  0  =  yjRg  tan  60°  =  ^JhT3Rg 
Hence  choice  (a)  is  incorrect.  From  (1)  and  (2)  we 
get 


T2  =  (1 mg f  + 

^(.v2) 2 

R2 

+ 

<N 

j£ 

II 

"Vx  (Rg  tan  60°) 

R2 

+ 

(N 

3, 

ii 

3(mg)2  =  4{mg)2 

T  =  2  mg 

Horizontal  component  of  angular  momentum  about 
O 

=  mv  x  OD  =  mv  L  cos  9 


=  m  x  yjRg  tan  9  x  L  cos  9 
=  mL  cos  9  sjLg tan 9 sin© 

=  mL  sin  9  sjLg  cos  9 
=  mL  sin  60°  -J. Lg cos  60° 


V3 


Lg 


=  —  mL  ^  which  is  choice  (c). 

Torque  about  O  =  mgR  =  mgL  sin  9 

V3 

=  mgL  sin  60°  =  mgL 

Hence  the  correct  choices  are  (b),  (c)  and  (d). 

29.  Since  the  frictional  force  acts  opposite  to  the  direction 
of  motion,  the  equation  of  translational  motion  is 

F-f=MaCM  (1) 


F  -f  MaCM 
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For  rotational  motion,  we  have 

r  =  la 


Since  the  torque  is  due  to  frictional  force,  t=  fR. 
Hence  fR  =  QmR2  j 

|v/  =  iMV  =  ^  j 


Vb-Va  =  Vi 

Hence  the  correct  choice  are  (b)  and  (c) 

32.  Let  M  be  the  mass  of  the  ring  and  m  that  of  the  ball 
and  let  V  and  v  be  their  velocity  before  collision. 
The  initial  momentum  of  the  system  (ring  and  ball) 
in  the  horizontal  direction  is 


or 


/= 


Ma. 


CM 


(2) 


2  F  F 

Equations  (1)  and  (2)  give  aCM  =  and f=  — . 
So  the  correct  choices  are  (b)  and  (c). 


30.  The  only  correct  choice  is  (a) 

31.  Refer  to  Fig.  8.87. 

c 


Vc=2Vi 


vB  =  Vi 


vA  =  o 


VA  =  0,  Let  V B  =  Vi ,  then  Vc  =  2  Vi 


p  j  =  MV  +  mv 

=  2  x  1  +  0.1  x  (-20) 

=2-2=0 

From  conservation  of  mementum,  the  final  momen¬ 
tum  of  the  system  V f  =  0  in  the  horizontal  direc¬ 
tion.  Hence  Vcm  =  0  for  the  ring,  i.e.  the  ring  has 
pure  rotation  about  its  centre  of  mass.  So  choice  (a) 
is  correct. 

The  total  initial  angular  momentum  of  the  system 
about  the  point  of  collision  is 
Lj  =  mvr  —  Tco 


R 


=  mvr  —  MRV 

=  0.1  x  20  x  0.75  -  2  x  0.5  x  1 
=  1.5  -  1  =  0.5  kg  m2  s-1 


Vc  -  v A  *2  Vi  -0  =  2  Vi 
Vc  -  VB  =2 Vi-Vi=  Vi 
Vb-Vc  =  v} 


From  the  conservation  of  angular  momentum,  the 
final  angular  velocity  must  be  anticlockwise.  Hence 
the  friction  between  the  ring  and  the  ground  is  to 
the  left.  So  the  correct  choices  are  (a)  and  (c). 


Multiple  Choice  Questions  Based  on  Passage 

Questions  1  to  2  are  based  on  the  following  passage 
Passage  I 


Quantization 

In  physics  some  measurable  quantities  are  quantized.  A 
physical  quantity  is  said  to  be  quantized  if  it  can  have 
only  discrete  (not  continuous)  values.  Some  examples  of 
quantities  which  are  quantized  are  mass,  charge  and  energy. 
For  sub-atomic  particles  (called  fundamental  particles) 
the  angular  momentum  is  quantized.  Fundamental 
particles  such  as  electrons  and  protons  have  a  certain 
intrinsic  angular  momentum  of  their  own.  This  angular 
momentum  is  called  spin  angular  momentum.  The  spin 


angular  momentum  of  a  fundamental  particle  is  quantized 
and  its  value  is  given  by 

c  h 
S  =  n  — 

2  n 

where  h  is  the  Planck’s  constant  =  6.63  X  1 0  '4  Js  and  n  is 
a  number  called  the  spin  quantum  number.  The  value  of 
n  for  electrons,  protons,  positrons  and  antiprotons  can 

be  +  —  and  -  —  .  Pions  have  n  =  0. 

2  2 

1.  Which  of  the  following  is  not  quantized  ? 

(a)  Mass  (b)  Energy 

(c)  Linear  momentum  (d)  Charge 
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2.  Choose  the  correct  statements  from  the  following. 

(a)  Electric  charge  on  a  charged  body  can  only  be 
an  integral  multiple  of  the  smallest  possible 
charge. 

(b)  Energy  can  have  only  discrete  values. 

(c)  The  spin  angular  momentum  of  an  electron 

ANSWERS 

1.  The  correct  choice  is  (c). 

2.  The  correct  choices  are  (a),  (b)  and  (c).  The  spin 
angular  momentum  of  a  pion  is  zero. 


h  h 

can  be  +  —  or  —  — . 

An  An 

(d)  The  spin  angular  momentum  of  a  pion  is 

h  h 

+  —  or  —  — . 


Questions  3  to  5  are  based  on  the  following  passage 
Passage  II 

A  hollow  sphere  of  mass  M  and  radius  R  is  initially  at  rest 
on  a  horizontal  rough  surface.  It  moves  under  the  action  of 
a  constant  horizontal  force  F  as  shown  in  Fig.  8.88. 


F 


Fig.  8.88 

3.  The  frictional  force  between  the  sphere  and  the 
surface 

SOLUTIONS 


(a)  retards  the  motion  of  the  sphere 

(b)  makes  the  sphere  move  faster 

(c)  has  no  effect  on  the  motion  of  the  sphere 

(d)  is  independent  of  the  velocity  of  the  sphere. 
4.  The  linear  acceleration  of  the  sphere  is 


5. 


(a)  a 
(c)  a 


10  F 
1M 
6  F 
5  M 


(b)  a 
(d)  a 


IF 
5  M 
F 
M 


The  frictional  force  between  the  sphere  and  the 
surface  is 


(a) 

(c) 


F 

~2 

F 

J 


(b) 

(d) 


F 

7 

F 

5 


3.  If  the  horizontal  force  F  is  applied  at  the  centre  of 
mass  of  the  sphere,  then  the  frictional  force  opposes 
the  translational  motion  of  the  sphere.  If  force  F  is 
applied  above  the  centre  of  mass,  the  torque  due 
to  frictional  force  tends  to  rotate  the  sphere  faster. 
Hence,  in  this  case,  frictional  force / acts  in  the  di¬ 
rection  of  motion,  as  shown  in  Fig.  8.89.  Thus  the 
correct  choice  is  (b). 


F  +  f  =  Ma  (1) 

The  magnitude  of  the  net  torque  acting  on  the 
sphere  =  FR  —fR.  Hence,  for  rotational  motion  the 
equation  is 

FR  -  fR  =  Ia=  —  (• :a=aR ) 

R 

2  2 

For  a  hollow  sphere,  /  =  —  MR".  Hence 


4. 


F 


Let  a  and  a  be  the  linear  and  angular  accelera¬ 
tions  of  the  sphere  respectively.  For  translational 
motion. 


5. 


2  2 

FR  -fR  =  -  MR 2  x  — =  -  MRa 
3  R  3 

*  F—f=  -  Ma 

3 


(2) 


Equations  (1)  and  (2)  give  a  = 

(c) 


- ,  which  is  choice 

5  M 


From  Eqs.  (1)  and  (2)  we  get /= 
the  correct  choice  is  (d). 


Ma 

~6~ 


— . Hence 
5 
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Questions  6  to  11  are  based  on  the  following  passage 
Passage  III 

Four  solid  spheres  each  of  mass  m  and  radius  r  are  located 
with  their  centres  on  four  corners  of  a  square  ABCD  of 
side  a  as  shown  in  Fig.  8.90. 


6.  The  moment  of  inertia  of  sphere  A  about  diagonal 
AB  is 


(a)  —  mr2 
3 


(b)  —  mr2 
5 


(  2  h 

+ 

1  ^ 

(d)  777 

Cl  j 

- r 

l  4  ) 

l 4  J 

(c)  777 

7.  The  moment  of  inertia  of  sphere  C  about  diagonal 


AB  is 

(a) 

—  (2f^  +  5a2) 

(b) 

(a)  —  mr2 

(b)  hlr  +  3a2) 

5 

^  (4r2  +  5a2) 

5 

Ml 

5 

Ml 

(c) 

(d) 

(c)  y(5r2  +  3a2) 


(d)  —  (4r  +  5  a2) 

10 


8.  The  moment  of  inertia  of  sphere  B  about  side  AD 
is 


(a)  —  mr2 

5 

(b) 

j(5  a2  +  2r) 

(c)  j(2r2  +  a2) 

(d) 

-(3a2  +  Sr2) 

9.  The  moment  of  inertia  of  sphere  D  about  side 
AD  is 

(a)  —  mr2 

5 

(b) 

2  ,  , 

—  m(r  +  a") 

3 

(c)  —  (3a2  +  4r2) 

(d) 

-(5a2  +  2r) 

10.  The  moment  of  inertia  of  the  system  of  four  spheres 
about  diagonal  AB  is 

(a)  +  5a2) 

(b) 

y  (7r2  +  4a2) 

(c)  ^(57-2  +  8a2) 

(d) 

y  (37^  +  5a2) 

11.  The  moment  of  inertia  of  the  system  of  four  spheres 
about  side  AD  is 

-{Ir2  +  5a2) 

5 

-(3  r2  +  5a2) 

5 


SOLUTION 

Refer  to  Fig.  8.91. 


Axis 


Fig.  8.91 

The  moment  of  inertia  of  spheres  A  and  B  about  their 

2  2  ,  ,  i 

common  diameter  AB  =  —  mr  each.  Also  the  moment  of 
5 

inertia  of  spheres  C  and  D  about  an  axis  passing  through 


2  2 

their  centre  and  parallel  to  AB  =  —  mr"  each.  The  distance 

of  this  axis  (shown  by  broken  lines)  from  the  diagonal  AB 
=  a/ V 2  •  From  the  parallel  axes  theorem,  the  moment  of 
inertia  of  spheres  C  and  D  about  diagonal  AB  is 

2  2  2  2  (  a  Y  2  2  wa2 

5  5  Vx/2;  5  2 

6.  The  correct  choice  is  (b). 

7.  The  correct  choice  is  (d). 

8.  The  correct  choice  is  (b). 

9.  The  correct  choice  is  (a). 

10.  The  moment  of  inertia  of  the  system  of  four  spheres 
about  diagonal  AB  is 

/AB  =  MI  of  A  about  AB  +  MI  of  B  about  AB 

+  MI  of  C  about  AB  +  MI  of  D  about  AB 

2  2  2  2  2  2  1  2 

=  —  777  r  H -  777  r  H -  777  r"  H -  777  a 

5  5  5  2 

2  2  1  7 

+  —  mr  h —  ma 
5  2 
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o  9  2 

=  —  mr~  +  ma “  =  m 
5 

The  correct  choice  is  (a). 

11.  Moment  of  inertia  of  sphere  A  about  side  AD  = 
moment  of  inertia  of  sphere  D  about  side  AD  = 


sr  2 
- h  a 

5 


2 

5 


mr 2.  Using  the  parallel  axes  theorem,  moment  of 


inertia  of  sphere  C  about  AD  =  moment  of  inertia 

2  2  2 

of  sphere  B  about  AD  =  —  mr  +  ma  .  Hence  the 


7AD  =  MI  of  A  about  AD  +  MI  of  D 

about  AD  +  MI  of  B  about  AD  + 
MI  of  C  about  AD 

2  2  2  2  2  1  2 

=  —  m  r  H —  m  r  -\ —  m  r  +  m  a 
5  5  5 

2  2  2 

H -  777  r  +  777  a 

5 


8 

5 


mr2  +  2 


ma 


777 


f 

V 


Sr  „ 

- h  2  a 

5 


2 


h 

y 


moment  of  inertia  of  the  system  of  four  spheres 
about  side  AD  is 


The  correct  choice  is 


(c). 


Questions  12  to  15  are  based  on  the  following  passage 
Passage  IV 

A  small  sphere  rolls  down  without  slipping  from  the  top 
of  a  track  in  a  vertical  plane.  The  track  has  a  elevated 
section  and  a  horizontal  part.  The  horizontal  part  is  1.0  m 
above  the  ground  and  the  top  of  the  track  is  2.4  m  above 
the  ground.  (See  Fig.  8.92) 


Fig.  8.92 

12.  If  g  =  10  ms~2,  the  horizontal  velocity  when  the 
sphere  reaches  point  A  is 

(a)  -J~5  ms-1  (b)  2^5  ms-1 

(c)  V7  ms~!  (d)  I'll  ms-1 

13.  If  g  =  10  ms~2,  the  time  taken  by  the  sphere  to  fall 
through  h  —  1.0  m  is 


(a)  ^s 
(c)  0.1  s 


(d)  0.2  s 


14.  If  g  =  10  ms~2,  the  distance  on  the  ground  with 
respect  to  point  B  (which  is  vertically  below  the  end 
A  of  the  track)  is 

(a)  1.0  m  (b)  1.4  m 

(c)  2.0  m  (d)  2.8  m 

15.  Choose  the  correct  statement/statements  from  the 
following. 


(a)  During  its  motion  as  a  projectile  after  the 
sphere  leaves  the  track  at  A,  it  will  stop  ro¬ 
tating. 

(b)  During  its  motion  as  a  projectile  after  point 
A,  the  sphere  will  continue  to  rotate  about  its 
centre  of  mass. 


(c)  Due  to  rotation,  the  horizontal  range  of  the 
sphere  will  be  less  than  that  found  in  Q.14 
above. 


(d)  The  rotation  of  the  sphere  has  no  effect  on 
the  horizontal  range  found  in  Q.14. 


SOLUTION 


12.  The  loss  in  potential  energy  when  the  sphere  moves 
from  the  top  of  the  track  to  point  A  =  gain  in  total 
kinetic  energy  (translational  and  rotation),  i.e. 

Mg(H  -  h)  =  ^  Mv2  +  ^  I  of 

2  2  v 

where  I  =  —  MR "  and  co  =  — .  Thus 
5  R 

Mg(H  -  h)  =  —  Mv 2  +  —  X  —  MR2  x  (ii) 

2  25  \r) 


=  -Mv2+  -Mv2=  — Mv 2 

2  5  10 


or 


v  = 


10(77  -h)g 


il/2 


10x(2.4-1.0)xl0 


— il  /  2 


=2  V5 


ms 


L  7  J 

The  correct  choice  is  (b). 

13.  Since  the  vertical  component  of  velocity  is  zero,  the 
time  of  flight  is 
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|2A  /2  X  1.0  1 

t  =  J  =  , -  =  -t=  s,  which  is  choice  (a). 

V  8  V  10  V5 


14.  Horizontal  range 
is  choice  (c). 


vt=  2V5 


=  2.0  m,  which 


15.  During  its  flight  as  a  projectile  from  point  A 
to  the  point  where  it  hits  the  ground,  the  sphere 


will  continue  to  rotate  about  the  centre  of  mass 
because  during  the  flight,  the  angular  momen¬ 
tum  of  the  sphere  remains  conserved.  Due  to  this 
clockwise  spinning  of  the  sphere,  the  horizontal 
range  decreases.  This  follows  from  Bernoul¬ 
li’s  principle.  Hence  the  correct  choices  are  (b) 
and  (c). 


Questions  16  to  18  are  based  on  the  following  passage 
Passage  V 

A  solid  sphere  of  mass  M  and  radius  R  is  released  from  rest 
at  the  top  of  a  frictionless  inclined  plane  of  length  5  and 
inclination  6.  In  case  (a)  it  rolls  down  the  plane  without 
slipping  and  in  case  (b)  it  slides  down  the  plane. 

16.  The  ratio  of  the  acceleration  of  the  sphere  in  case 
(a)  to  that  in  case  (b)  is 

(a)  1  (b)  | 


17.  The  ratio  of  the  velocity  of  the  sphere  when  it 

SOLUTION 


reaches  the  bottom  of  the  plane  in  case  (a)  to  that 
in  case  (b)  is 


(a) 

V2 

(b) 

(c) 

1 

(d) 

18.  The  ratio  of  the  time  taken  by  the  sphere  to  reach 
the  bottom  in  case  (a)  to  that  in  case  (b)  as 


(a)  1  (b) 

(c)  V2  (d) 


16.  In  case  (a),  the  acceleration  down  the  plane  is 
gsin0 

'1  -  n+-V|  =  7^sin  e  {■■i  =  \mr2 


MR 

In  case  (b),  the  acceleration  is 
a2  =  g  sin  0 

Hence  the  correct  choice  is  (c). 


17.  Using  vz  =  las,  we  find  that 


v\  5 

=  .  —  ,  which  is  choice  (c). 
v2  V  7 

1  2 

18.  From  s  =  —  at,  we  find  that  the  correct  choice 
2 

is  (d). 


Questions  19  to  22  are  based  on  the  following  passage 
Passage  VI 

Two  blocks  of  masses  mx  =  3  m  and  m2  =  m  are  attached  to 
the  ends  of  a  string  which  passes  over  a  frictionless  fixed 
pulley  (which  is  a  uniform  disc  of  mass  M=  2  m  and  radius 


Tension  7j  is 

(b) 

(c)  lms 

5 

(d) 

Tension  T2  is 

(a)  9mg 

(b) 

(c)  mg 

(d) 

3  mg 
5 

9  mg 
5 

7  mg 
~5~ 
3  mg 


22.  The  magnitude  of  torque  on  the  pulley  is 

ImgR 


(a)  2  mgR 
2  mgR 

(c)  — - — 


(b) 


(d)  3  mgR 
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SOLUTION 


Fig.  8.94 


t=(T1-T2)R 


(3) 


1  9 

Also,  t  =  la  where  /  =  — MR ~  and  a  is  the  angular 

acceleration  which  is  given  by 
a 

a  =  — 

R 


1. 

2 


T=  —MR2X  —=  —  MRa  =  mRa 


R 


1. 

2 


From  Eqs.  (3)  and  (4)  we  get 


T2  =  ma 


(4) 

( v  M=  2m) 

(5) 

19.  Using  Eqs.  (1)  and  (2)  and  (5)  and  solving  for  a  we 

2  g 

get  a  =  .  Flence  the  correct  choices  is  (c). 

20.  From  Eqs.  (1)  and  (2)  we  get  Tx  =  3m(g  -  a)  = 

3m  j  =  ’  w^ich  is  choice  (d). 


Refer  to  Fig.  8.94.  Since  the  pulley  has  a  finite  mass,  two 
tensions  Tx  and  T2  will  not  be  equal.  If  a  is  the  acceleration 
of  the  system,  the  equations  of  motion  of  masses 

mxg  —  7\  =  mxa  =>  3mg  I\  =■  3ma  (1) 
and  T2  —  m2g  =  m2a  =>  T2  -  mg  =  ma  (2) 

The  resultant  tension  (T{  -  T2)  exerts  a  torque  on  the 
pulley  which  is  given  by 


2  p" 

Eqs.  (1)  and  (2)  give  T2  =  m(g  +  a)  =  m 
7  /77P 

-  so  choice  (b)  is  correct. 


2e  2 mgR 

From  Eq.  (4)  r=  mRa  =  mR  x  —  = - ,  which 

5  5 

is  choice  (c). 


Questions  23  to  26  are  based  on  the  following  passage 
Passage  VII 

A  small  solid  sphere  of  mass  m  rolls  without  slipping  on 
the  track  shown  in  Fig.  8.95.  The  radius  of  the  circular  part 
of  the  track  is  R.  The  sphere  starts  from  rest  from  point  P 
at  a  height  H  =  4.5  R  above  the  bottom. 

P 


23.  The  speed  of  the  sphere  when  it  reaches  point  Q  on 
the  track  is 


(a)  \[2gR  (b)  yJJgR 

(c)  v/5 i*  (d)  yflgR 

24.  The  horizontal  force  acting  on  the  sphere  when  it  is 
at  point  Q  is 

(a)  mg  (b)  2  mg 

(c)  3  mg  (d)  5  mg 

25.  The  magnitude  of  the  force  acting  on  the  sphere 
when  it  is  at  point  Q  is 

(a)  V4A  mg  (b)  ^5  mg 

(c)  426  mg  (d)  343  mg 

26.  What  is  the  minimum  value  of  height  //so  that  the 
sphere  can  reach  the  top  A  of  the  circle? 

(a)  2.4  R  (b)  2.5  R 

(c)  2.6  R  (d)  2.7  R 


Rigid  Body  Rotation  8.59 


SOLUTION 


23.  Loss  of  P.E.  at  Q  =  Gain  in  K.E. 

1,1, 

mg{  /  /  —  R)=—  mv  +  —  Ico~ 


1 


1 


mg(4.5R  -  R)  =  —mv  +  —  x  [  —  mR"  |x  ( — 

R 


1  2  1  2  ^  2 

=  —  mv  +  —  mv~  =  —  mv 

2  5  10 


which  gives  v  =  \[5gR  .  Hence  the  correct  choice 
is  (c). 


mv2 


m 

R 


x  (5  gR)  =  5  mg,  which  is  choice  (d). 


25.  The  vertical  force  acting  on  the  sphere  is 

Fv  =  weight  of  the  sphere  =  mg 

Net  force  F  =  ^Ff2  +F2  =  J 26  mg 
Thus  the  correct  choice  is  (c). 

26.  The  sphere  will  rise  to  point  A  if  it  has  a  minimum 
speed  at  A  which  satisfies 

mv2,  r— 

——  =  mg  =>  vA  =  V  Rg 

K 


24.  At  point  Q  the  velocity  is  directed  tangentially. 
Thus,  the  horizontal  force  acting  on  the  sphere 
at  point  Q  is  the  centripetal  force  directed  towards 
the  centre  O  of  the  circular  part  of  the  track  and  is 
given  by 


The  minimum  value  of  H  is  given  by 
7  2  7 

mg(Hmm-2R)  =  —  mvA  =  — mRg 
=>  H=  2 R  +  0.7 R  =  2.7 R,  which  is  choice  (d). 


Questions  27  to  30  are  based  on  the  following  passage 
Passage  VIII 

A  uniform  disc  of  mass  M  and  radius  R  rolls  without  slipping 
down  a  plane  inclined  at  an  angle  6  with  the  horizontal. 

27.  The  acceleration  of  the  centre  of  mass  of  the  disc  is 


(a)  g  sin  0 

(b) 

2gsin0 

3 

«=)  gsin0 

3 

(d) 

2gcos0 

3 

28.  The  frictional  force  on  the  disc  is 


(a) 


Mg  sin  0 


(b) 


2Afgsin0 


(c)  Mg  sin  0  (d)  none  of  these 

29.  The  magnitude  of  torque  acting  on  the  disc  is 

(a)  MgR  (b)  MgR  sin  0 

.  .  IMgRsmQ  MgRsinQ 

(O  — - —  (d) 

30.  If  the  disc  is  replaced  by  a  ring  of  the  same  mass 
M  and  the  same  radius  R,  the  ratio  of  the  frictional 
force  on  the  ring  to  that  on  the  disc  will  be 


(a)  |  (b)  2 

(c)  (d)  1 


SOLUTION 


The  various  forces  acting  on  the  disc  are  shown  in  the 
figure.  As  the  disc  rolls  down  the  plane,  the  frictional  force 
/  acts  upwards  along  the  plane.  This  force  /  produces  a 
torque  which  rotates  the  disc.  If  a  is  the  linear  acceleration 
of  the  centre  of  mass  of  the  disc,  the  equation  of  motion 
is  (see  Fig.  8.96) 


Mg  sin  0  -  f=  Ma  (1) 

If  a  is  the  angular  acceleration  and  /  is  the  moment  of 
inertia  of  the  disc  about  the  axis  of  rotation,  the  torque 
acting  on  it  is 

r  =  Ia 

1  ,  a 

Now  I=—MR~,a=  —  and  T=fR.  Hence 

2  R 


or 


1  ,  a  1 

fR  =  -MR2  x  —  =  -  MRa 

2  R  2 

/=  \Ma  (2) 


27.  From  Eqs.  (1)  and  (2),  we  get  a  = 
is  choice  (b). 


2gsin0 

3 


,  which 
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1  Mg  sin  0 

28.  /  =  —  Ma  =  - ,  which  is  choice  (a). 

2  3 


Questions  31  to  33  are  based  on  the  following  passage 
Passage  IX 

A  solid  cylinder  of  mass  M  and  radius  R  is  mounted  on 
a  frictionless  horizontal  axle  so 
that  it  can  freely  rotate  about  this 
axis.  A  string  of  negligible  mass 
is  wrapped  round  the  cylinder 
and  a  body  of  mass  m  is  hung 
from  the  string  as  shown  in  Fig. 

8.97.  The  mass  is  released  from 
rest. 

31.  The  acceleration  with  which  the  mass  falls  is 


(a)  g 


SOLUTION 


<W  "77 

M 


(1) 


Referring  to  Fig.  8.98,  the  acceleration  a  of  the  falling 
body  is  governed  by  the  equation 
ma  =  mg  -  T 
where  T  is  the  tension  in  the  string. 

Torque  on  cylinder  is 

T=  TR  =  la 

=>  T=^ 

R 

-  -  Jr 

=  —  Ma 
2 

31.  From  Eqs.  (1)  and  (2)  we  get 
2  mg 


a  = 


(M  +  2m) 


,  which  is  choice  (d). 


MgR  sin  0 

29.  r  =/ R  =  — - ,  which  is  choice  (d). 

30.  For  a  ring,  /  =  MR2.  The  correct  choice  is  (a). 

2  mg 


(c) 


mg 


(d) 


( M  +  m )  (M +  2m) 

32.  The  tension  in  the  string  is 

Mmg 


(a)  mg 

2  Mmg 


(c) 


(b) 

(d) 


( M  +  m) 
Mmg 


(M +  2m)  (M  +  2m) 

33.  The  angular  speed  of  the  cylinder  is  proportional 
to  h",  where  h  is  the  height  through  which  the  mass 
falls.  The  value  of  n  is 
(a)  zero  (b)  1 


(0  \ 


(d)  2 


32.  Equations  (1)  and  (2)  give  T  =  m^g — ^  which 

(M  +  2m) 

is  choice  (d). 

33.  From  conservation  of  energy,  we  have 

,  1  2  1  2 

mgh  =  —  mv  +  —  I  of 
2  2 

=  -mR2or+  —  X  [-MR^of 
2  2  \2 

=  —  (2m  +  M)  R2  or 
4 


(0  = 


A  mgh 


— tl  /  2 


\_(M  +  2m)R-  _ 


1/2 

Thus  CO  h  .  Hence  the  correct  choice  is  (c). 


Questions  34  to  36  are  based  on  the  following  passage 
Passage  X 

Two  discs  A  and  B  are  mounted  coaxially  on  a  vertical  axle. 
The  discs  have  moments  of  inertia  /  and  21  respectively 
about  the  common  axis.  Disc  A  is  imparted  an  initial 
angular  velocity  2  to  using  the  entire  potential  energy  of 
a  spring  compressed  by  a  distance  xv  Disc  B  is  imparted 
an  angular  velocity  co  by  a  spring  having  the  same  spring 


constant  and  compressed  by  a  distance  x2.  Both  the  discs 
rotate  in  the  clockwise  direction. 


■  IIT,  2007 


34.  The  ratio  xl/x1  is 

(a)  2 

(b) 

(c)  72 

(d) 

]_ 

2 

1 

72 
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35.  When  disc  B  is  brought  in  contact  with  disc  A,  they 
acquire  a  common  angular  velocity  in  time  t.  The 
average  frictional  torque  on  one  disc  by  the  other 
during  this  period  is 

21 co  „  91(0 


(a) 


(c) 


3 1 

9  Ico 


(b) 


(d) 


It 

3  Ico 
It 


4 1 

SOLUTION 

34.  Rotational  kinetic  energy  of  disc  A  is 

1  9  1  9 

—  kx\  =  —  1  (2  co)~ 

2  1  2 

For  disc  B,  the  energy  is 

1,1, 

-  kx\  =  —  ( 2Iyco 
2  2 


36.  The  loss  of  kinetic  energy  during  the  above  process 


1(0 


IS 

(a) 

Ico2 

2 

(b) 

(c) 

Ico2 

4 

(d) 

l(Oz 


(1) 


(2) 


From  ( 1 )  and  (2)  we  get  =  2  =>  =  i  . 

xi  x2 

35.  When  disc  B  is  brought  in  contact  with  disc  A,  let 
c o'  be  their  common  angular  velocity  and  I'  the 
moment  of  intertia  of  the  sysem  about  the  axis  of 
rotation.  From  the  law  of  conservation  of  angular 
momentum,  we  have 

I' (o'  =  I  (2co)  +  (21) co  =  4 1(0 
Since  the  discs  are  mounted  coaxially,  I'  =  1+21=21 

4(0 

3  Ico'  =  4 Ico  =>  co'  =  — 

3 


Now,  change  in  angular  momentum  of  disc  A 
( 4fi)4  21(0 

-  /  (2o»  -  /  [TJ  -  — 

Frictional  torque  on  A  is 
T  =  rate  of  change  of  angular  mmentum 

change  in  angular  momentum  _  2 Ico 
Time  3 1 

36.  Initial  kinetic  energy  of  the  system  is 

E\  =  ~  K2 co)2  +  ^  (21) or  =  3 Ico2 

Final  kinetic  energy  of  the  system  is 

£=4w)!2m(f)  ~\,of 

Loss  of  kinetic  energy  =  Ex-  E2 

=  3  lor  -  -  lor  =  -  lor 
3  3 


Questions  37  to  39  are  based  on  the  following  passage 
Passage  XI 

A  uniform  thin  cylindrical  disk  of  mass  M  and  radius  R 
is  attached  to  two  identical  massless  springs  of  spring 
constant  k  which  are  fixed  to  the  wall  as  shown  in  Fig. 
8.99.  The  springs  are  attached  to  the  axle  of  the  disk 
symmetrically  on  either  side  at  a  distance  d  from  its  centre. 
The  axle  is  massless  and  both  the  springs  and  the  axle  are 
in  a  horizontal  plane,  the  unstretched  length  of  the  each 
spring  is  L.  The  disk  is  initially  at  its  equilibrium  position 
with  its  centre  of  mass  (CM)  at  a  distance  L  fromjhe  wall. 
The  disk  rolls  without  slipping  with  velocity  Vo  =  V()  i . 
The  coefficient  of  friction  is  //. 

37.  The  net  external  force  acting  on  the  disk  when  its 
centre  of  mass  is  at  displacement  x  with  respect  to 
its  equilibrium  position  is. 

(a)  -kx  (b)  -  2 kx 

2  kx  4  kx 

(c)  — —  (d)  — — 


Fig.  8.99 

<  IIT,  2008 

38.  The  centre  of  mass  of  the  disk  undregoes  simple 
harmonic  motion  with  angular  frequency  co  equal 
to 

(a)  'Irt 


,  ,  ,2k_ 

C  x  3M 


(d)  A— 

v3  M 
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39.  The  maximum  value  of  V0  for  which  the  disk  will 
roll  without  slipping  is 


(a)  fig 


(b)  fig 


(c)  fig 


(d)  fig 


SOLUTION 


37.  Let  a  be  the  linear  acceleration  of  the  disk.  For 
translational  motion  (see  Fig.  8.100) 

Ma  =f—  2  kx  (1) 

Let  a  be  the  angular  acceleration  of  the  disc,  then 
for  rotational  motion 


Fig.  8.100 

Torque  r  = la 


38.  Acceleration  a  = - —  =  —co2x.  Flence  the  motion 

3  M 

is  simple  harmonic  whose  angular  frequency  is 


39.  When  V0  is  maximum,  x  is  maximum  (=  xmax)  and 
the  frictional  force  is  maximum  and  is  given  by  /lnax 
=  /iMg. 

From  Eqs.  (1)  and  (2)  above,  we  have 


Ma  =  fiMg  —  2kxn 
and  —  juMgR  =  —  MRa 


(3) 

(4) 


Eliminating  a  from  Eqs.  (3)  and  (4),  we  get 


or  -JR  =  (v  a  =  aR) 

Eliminating /from  Eqs.  (1)  and  (2),  we  get 
4  kx 
3  M 

A'kx 

Net  external  force  F  =  Ma  = - —  . 

3 


(2) 


a  =  - 


^max  =  T  FMg 


(5) 


Maximum  K.E.  of  disc  =  —  Mr mflY  =  kxzm^ 

4  max  indx 


3  M 


vma x=RS\\—r  [(use  eq.5)] 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

A  solid  cylinder  of  mass  Mand  radius  R  rolls  down 
an  inclined  plane  of  height  /?.  The  rotational  kinetic 


energy  of  the  cylinder  when  it  reaches  the  bottom 
of  the  plane  is  Mg  h/3. 

Statement-2 

The  total  energy  of  the  cylinder  remains  constant 
throughout  its  motion. 

2.  Statement-1 

Two  bodies  A  and  B  initially  at  rest,  of  masses  2m 
and  m  respectively  move  towards  each  other  under 
mutual  gravitational  force  of  attraction.  At  the  in¬ 
stant  when  the  speed  of  A  is  v  and  that  of  B  is  2v, 
the  speed  of  the  centre  of  mass  of  system  is  Av/3. 
Statement-2 

The  speed  of  the  centre  of  mass  of  a  system  changes 
if  an  external  force  acts  on  the  system. 
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3.  Statement-1 

The  angular  momentum  of  a  particle  moving  in  a 
circular  orbit  with  a  constant  speed  remains  con¬ 
served  about  any  point  on  the  circumference  of  the 
circle. 

Statement-2 

If  no  net  torque  acts,  the  angular  momentum  of  a 
system  is  conserved. 

4.  Statement-1 

Two  blocks  of  masses  M  and  m  (with  M  >  m) 
are  connected  by  a  spring  of  negligible  mass  and 
placed  on  a  horizontal  frictionless  surface.  An  im¬ 
pulse  gives  a  velocity  V  to  the  heavier  block  in  the 
direction  of  the  lighter  block.  The  velocity  of  the 
centre  of  mass  is 

MV 

UcM  ( M  +  m) 

Statement-2 

The  principle  of  conservation  of  linear  momentum 
is  applicable  to  the  centre  of  mass  motion. 

5.  Statement-1 

A  tube  of  length  L  is  filled  completely  with  an  in¬ 
compressible  liquid  of  mass  M  and  closed  at  both 
the  ends.  The  tube  is  then  rotated  in  a  horizontal 
plane  about  one  of  its  ends  with  a  uniform  angular 
velocity  co.  The  force  exerted  by  the  liquid  at  the 
other  end  is  ML  or. 

Statement-2 

The  entire  mass  of  the  liquid  can  be  regarded  as  be¬ 
ing  concentrated  at  the  centre  of  mass  of  the  tube. 

6.  Statement-1 

A  thin  wire  of  length  L  and  mass  m  is  bent  into  a 
circular  loop  of  radius  r  as  shown  in  Fig.  8.101. 
The  moment  of  inertia  of  the  loop  about  the  XX'  is 
3mL2/%7 c2. 


Fig.  8.101 

Statement-2 

According  to  the  parallel  axes  theorem,  the  moment 
of  inertia  of  the  loop  about  XX'  =  moment  of  inertia 
about  YY'  +  mr2. 

7.  Statement-1 

A  thin  uniform  rod  AB  of  mass  M  and  length  L  is 
hinged  at  one  end  A  to  the  horizontal  floor.  Ini¬ 
tially  it  stands  vertically.  It  is  allowed  to  fall  freely 


on  the  floor  in  the  vertical  plane.  The  angular 
velocity  of  the  rod  when  its  ends  B  strikes  the  floor 

is  ^ 3g/L  . 

Statement-2 

The  angular  momentum  of  the  rod  about  the  hinge 
remain  constant  throughout  its  fall  to  the  floor. 

8.  Statement-1 

For  a  particle  moving  in  a  circle  with  a  constant 
speed,  the  direction  of  the  centripetal  force  depends 
on  whether  the  particle  is  moving  clockwise  or 
anticlockwise  along  the  circle. 

Statement-2 

The  centripetal  force  is  directed  radially  towards 
the  centre  of  the  circle. 

9.  Statement-1 

A  body  tied  to  a  string  is  moved  in  a  circle  with  a 
uniform  speed.  If  the  string  suddenly  breaks,  the 
angular  momentum  of  the  body  becomes  zero. 

Statement-2 

The  torque  on  the  body  equals  the  rate  of  change  of 
angular  momentum. 

10.  Statement-1 

A  solid  cylinder  and  a  solid  sphere  have  the  same 
mass  M  and  the  same  radius  R.  If  torques  of  equal 
magnitude  are  applied  to  them  for  the  same  time, 
the  sphere  will  acquire  greater  angular  speed. 

Statement-2 

For  a  given  torque,  the  angular  acceleration  is 
inversely  proportional  to  the  moment  of  inertia. 

11.  Statement-1 

If  a  disc  rotating  about  its  axis  with  a  certain  angu¬ 
lar  speed  is  gently  placed  on  a  horizontal  friction¬ 
less  surface,  it  will  roll  along  the  surface  with  the 
same  angular  speed. 

Statement-2 

No  torque  acts  on  the  disc  if  the  friction  is  absent. 

12.  Statement-1 

Two  solid  spheres  of  the  same  radius,  one  made  of 
steel  and  the  other  of  aluminium  are  released  from 
rest  from  the  top  of  an  inclined  plane  at  the  same 
time.  The  two  spheres  will  reach  the  bottom  at  the 
same  time. 

Statement-2 

The  linear  acceleration  down  the  plane  is  indepen¬ 
dent  of  the  mass  of  the  sphere. 

13.  Statement-1 

A  sphere  and  a  cylinder  slide  without  rolling  from 
rest  from  the  top  of  an  inclined  plane.  They  will 
reach  the  bottom  with  the  same  speed. 
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Statement-2 

Bodies  of  all  shapes,  masses  and  sizes  slide  down 
a  plane  with  the  same  acceleration. 

14.  Statement-1 

If  a  cylinder  rolling  with  angular  speed  co  suddenly 
breaks  up  into  two  equal  halves  of  the  same  radius, 
the  angular  speed  of  each  piece  becomes  2  (0. 

Statement-2 

If  no  external  torque  acts,  the  angular  momentum 
of  a  system  is  conserved. 

15.  Statement-1 

Friction  is  necessary  for  a  body  to  roll  on  a  sur¬ 
face. 

Statement-2 

Friction  provides  the  necessary  tangential  force  and 
torque. 

16.  Statement-1 

A  sphere  is  rolling  on  a  rough  surface  in  the 
direction  of  the  arrow  as  shown  in  Fig.  8.102.  The 


SOLUTIONS 

1.  The  correct  choice  is  (a). 

From  the  law  of  conservation  of  energy,  we  have 
Potential  energy  =  Translational  kinetic  energy 
+  Rotational  kinetic  energy 


or 


or 


or 


1,1, 
Mgh  =  —  Mir  +  —  lor 
2  2 


1  f  1 


Mgh  =  —  MR2  a?  +  —  —MR1  or 


2  U 


=  -  MR2  or 

4 


o/  = 


4  gh 
3  R2 


1  , 

Now  the  rotational  kinetic  energy  =  —  lor. 
Substituting  for  or  and  I,  we  have 


Rotational  kinetic  energy  = 


-[-MR1 

2\2 


4  gh 
3  R2 


Mgh 

3 

2.  The  correct  choice  is  (d).  Mutual  gravitational  force 
is  internal  to  the  system.  Since  no  external  force 
acts  on  the  system,  the  centre  of  mass  (which  is 
initially  at  rest)  will  remain  at  rest. 

3.  The  correct  choice  is  (d).  Since  the  centripetal  force 
is  radial  (directed  towards  the  centre  of  the  circle), 
the  torque  due  to  this  force  is  zero  about  the  centre. 
Hence,  angular  momentum  remains  conserved  only 
about  the  centre  of  the  circle. 


force  of  friction  at  the  point  of  contact  will  be  in  the 
direction  of  the  arrow. 


Statement-2 
Friction  opposes  motion. 

17.  Statement-1 

During  perfect  rolling,  the  force  of  friction  becomes 
zero. 

Statement-2 

The  speed  at  the  point  of  contact  becomes  zero. 

18.  Statement-1 

During  rolling,  the  acceleration  of  the  point  of  con¬ 
tact  is  non  zero. 

Statement-2 

The  direction  of  the  velocity  changes  with  time. 


4.  The  correct  choice  is  (a).  From  the  principle  of  con¬ 
servation  of  linear  momentum,  we  have 
MV  =  (M  +  m)vCM 


which  gives 


MV 

VCM=  (M  +  w) 


5.  The  correct  choice  is  (d).  The  entire  mass  of  the 
liquid  can  be  regarded  as  being  concentrated  at  the 
centre  of  mass  of  the  tube  which  is  at  a  distance 

of  r  =  —  from  the  axis  of  revolution.  The  force 
2 

exerted  by  the  liquid  at  the  other  end  of  the  tube 


is  the  centripetal  force  of  a  mass  M  revolving  in  a 


circle  or  radius  r  —  — . 

2 

Thus 


F  = 


Mvl 


M(rO))2  ,,  2  MLor 

- -  =  Mr  or  = 


r  r  2 

6.  The  correct  choice  is  (a).  The  moment  of  inertia  of 
the  loop  about  an  axis  passing  through  the  centre 
O  is 

1  2 

Ir  =  —  mr~ 

2 

From  the  parallel  axes  theorem,  the  moment  of  in¬ 
ertia  about  XX'  is 

I  =  In  +  mV  =  —  mr2  +  mr2  =  —  mV 
2  2 


Now 


L  =  2nr  or  r  =  U2n.  Therefore, 
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3/77  f  L  V  _  3/77Z2 

rJ  ”  8tT 


7.  The  correct  choice  is  (c).  Loss  in  P.E.  =  gain  in 
rotational  K.E.  As  the  centre  of  mass  of  the  rod  falls 


through  a  distance  Li 2,  the  loss  in  P.E.  = 


MgL 


1  7  1 

Gam  in  K.E.  =  —  IoT  =  — 

2  2 


ML 2 


or 


Equating  the  two,  we  have 
| MgL  j  =  ^ML2(02  j 


8.  The  correct  choice  is  (d). 

9.  The  correct  choice  is  (d).  Since  no  external  torque 
acts  on  the  body  even  after  the  string  breaks,  the 
angular  momentum  will  remain  unchanged. 


10.  The  correct  choice  is  (a).  For  cylinder,  Ic  =  —  MR 


2 


2  2  T 

and  for  sphere  I,  =  —  MR  .  Also  r=  la  or  a  =  —  . 

5  / 


For  a  given  z,  a  is  inversely  proportional  to  I. 
Flence 


CL 

ac 


L 

Is 


Since  Ic  >IS;  as>  ac.  Since  radius  R  is  the  same  for 
both,  as  >  ac.  Since  time  is  the  same,  (Os  >  (Oc. 

11.  The  correct  choice  is  (d).  Since  no  torque  acts,  the 
disc  will  not  roll  on  the  surface;  it  will  simply  keep 
of  rotating  at  the  point  where  it  is  placed. 

12.  The  correct  choice  is  (a).  The  linear  acceleration  is 


gsinG 


5gsin0 
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Thus  the  acceleration  is  independent  of  the  mass 
of  the  sphere.  Hence  the  two  spheres  of  the  same 
radius  will  reach  at  the  same  time. 


13.  The  correct  choice  is  (a).  If  a  body  slides  down  an 
inclined  plane,  its  acceleration  is 

a  =  g(sin  6  -  /u  cos  0) 
which  depends  only  on  g,  0  and  \i. 

14.  The  correct  choice  is  (a).  If  /  is  the  moment  of  iner¬ 
tia  of  the  complete  cylinder,  the  moment  of  inertia 
of  each  piece  becomes  III.  Since  L  =  Ico  is  constant, 
the  angular  speed  of  each  piece  becomes  2  co. 

15.  The  correct  choice  is  (a). 

16.  The  correct  choice  is  (a).  The  direction  of  the  linear 
velocity  at  A,  the  point  of  contact  is  to  the  left  (op¬ 
posite  to  the  direction  of  the  arrow).  Since  friction 
opposes  motion,  the  direction  of  the  frictional  force 
at  A  will  be  in  the  direction  of  the  arrow,  i.e.  in  the 
direction  along  which  the  sphere  is  rolling. 

17.  The  correct  choice  is  (a).  The  effect  of  frictional 
force  is  to  decrease  the  speed  of  the  body  at  the 
point  of  contact.  When  speed  is  zero,  perfect  roll¬ 
ing  begins  and  the  force  of  friction  becomes  zero. 
Hence  no  work  is  done. 

18.  The  correct  choice  is  (a).  Since  the  body  is  rotat¬ 
ing  while  it  is  rolling,  the  direction  of  the  veloc¬ 
ity  is  changing  with  time.  Hence  the  instantaneous 
acceleration  of  the  point  of  contact  is  not  zero. 


Integer  Answer  Type 


1.  A  circular  plate  of  uni¬ 
form  thickness  has  a 
diameter  of  56  cm.  A 
circular  portion  of  diam¬ 
eter  42  cm  is  removed 
from  one  edge  of  the 
plate  as  shown  in  Fig. 
8.103.  Find  the  distance 
(in  cm)  of  the  centre  of 
mass  of  the  remaing  part 
of  the  plate  from  the 
original  centre  of  mass 
of  the  complete  plate. 


<  IIT,  1980 


2.  A  cubical  block  of  side  L  and  mass  300  g  rests  on 
a  rough  horizontal  surface.  A  horizontal  force  F  is 
applied  normal  to  one  of  the  faces  at  a  point  that  is 
directly  above  the  centre  of  the  face  at  a  height  3L/4 
above  the  base.  Find  the  minimum  value  of  force 
F  (in  newton)  for  which  the  block  does  not  slide 
before  toppling.  Take  g  =  10  ms  2 

<  IIT,  1984 

3.  A  small  sphere  rolls  down  without  slipping  from 
the  top  of  a  track  in  a  vertical  plane.  The  track 
has  an  elevated  section  and  a  horizontal  part.  The 
horizontal  part  is  1 .0  m  above  the  ground  and  the 
top  of  the  track  is  2.4  m  above  the  ground,  (see 
Fig.  8.104) 
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Fig.  8.104 

—2 

If  g  =  1 0  ms  ,  find  the  distance  (in  metre)  of  the 
point  at  which  the  sphere  falls  on  the  ground  with 
respect  to  point  B  (which  is  vertically  below  the  end 
A  of  the  track). 

<  IIT,  1987 

4.  A  stone  of  mass  m,  tied  to  the  end  of  a  string,  is 
whirled  in  a  horizontal  circle.  The  length  of  the 
string  is  gradually  decreased,  keeping  the  angular 
momentum  of  the  stone  about  the  centre  of  the 
circle  constant.  At  an  instant  when  the  radius  of 
the  circle  is  r,  the  tension  in  the  string  is  T  =  APn, 
where  A  is  a  constant.  Find  the  value  of  n. 

<  IIT,  1993 

5.  A  block Xof  mass  m  =  0.5  kg  is  held  by  a  string  on 
a  frictionless  inclined  plane  of  inclination  6  =  30°. 
The  string  is  wound  on  a  uniform  solid  cylindrical 
drum  Y  of  mass  M=  2  kg  and  radius  R  =  0.2  m  as 
shown  in  Fig.  8.105.  The  drum  is  given  an  initial 
angular  velocity  such  that  the  block  X starts  moving 
up  the  plane.  If  g  =  10ms  2,  find  the  tension  (in 
newton)  in  the  string  during  the  motion. 

M 

Y 


Fig.  8.105 

<  IIT,  1994 

6.  A  uniform  disc  of  mass  M  and  radius  R  is  projected 
horizontally  with  velocity  u  =  6  ms~'  on  a  rough 
horizontal  floor  so  that  it  starts  off  with  a  purely 
sliding  motion  at  t  =  0.  After  t0  second,  it  acquires 
a  purely  roiling  motion  as  shown  in  Fig.  8.106. 
Calculate  velocity  v  of  the  centre  of  mass  (in  ms1) 
of  the  disc  at  t0. 

SOLUTION 

1.  O  is  the  original  position  of  the  centre  of  mass. 
O,  is  the  position  of  the  centre  of  mass  of  the  cut 


f  =  0 


t  =  t0 


Fig.  8.106 

<  IIT,  1997 

7.  A  boy  is  pushing  a  ring  of  mass  2  kg  and  radius 
0.5  m  with  a  stick  as  shown  in  Fig.  8.1 07.  The  stick 
applies  a  force  of  2  N  on  the  ring  and  rolls  it  without 
slipping  with  an  acceleration  of  0.3  m/s2. 

The  coefficient  of  friction  between  the  ground  and  the 
ring  is  large  enough  that  rolling  always  occurs  and  the 
coefficient  of  friction  between  the  stick  and  the  ring  is 
(PH  0).  Find  the  value  of  P.  Take  g  =  10  ms~2. 

Stick 


<  IIT,  2011 

8.  Four  solid  spheres  each  of  diameter  V?  cm  and 
mass  0.5  kg  are  placed  with  their  centres  at  the  cor¬ 
ners  of  a  square  of  side  4  cm.  The  moment  of  inertia 
of  the  system  about  the  diagonal  of  the  square  is 
Nx  lO^4  kg  m2,  then  A  is  (see  Fig.  8.108) 


i 


■  IIT,  2011 


out  portion.  Let  02  be  the  position  of  the  centre  of 
mass  of  the  remaining  portion  of  the  plate.  Let  Wx 
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be  the  weight  of  the  cut  out  portion  and  W2  that  of 
the  remaining  portion,  (see  Fig.  8.109) 


Fig.  8.109 

Area  of  cut  out  portion  =  p  x  (2 1  )2  cm2 
=  44 1 7T  cm2 

2  2 

Area  of  the  complete  plate  =  n  x  (28)  cm" 

.•.  Area  of  the  remaining  portion  =  7t[(28)2  -  (2 1  )2] 

=343  7T  cm2 

Since  the  plate  is  uniform,  mass  is  proportional  to 
area.  Hence 

W]_  =  ™\g  _  =  \\\n  =  9 

W2  m2g  m2  3437T  7 

Taking  moments  about  O,  we  have 
Wx  x  OOx  =  W2  x  002 


F  x 

min 


3  L 


mg  x 


F  = 

min 


2 mg  _  2x0.3x10 


=  2N. 


F — ] 

k  * 

3  L 

74 

1 

l 

- 

,  A 

mg 

7777777777777777777777777777777777 


Fig.  8.110 

3.  The  loss  in  potential  energy  when  the  sphere  moves 
from  the  top  of  the  track  to  point  A  =  gain  in  total 
kinetic  energy  (translational  and  rotation),  i.e. 

1,1, 

Mg(H  -  h  )  =  —  Mir  +  —  Ico2 

2  ,  v 

Where  /  =  —  MR  and  ft)  =  —  .  Thus 
5  R 


1 


1  2 


Mg(H  -h)  =  -  Mu'-  +  -  X  -  MR z  X  — 


2  5 


R 


=  —  Mv2  +  -  Mv2  =  —  Mv2 

2  5  10 


or 


v  = 


10  (H-h)g 

1 


1/2 


10x(2.4-1.0)xl0 


1/2 


=  2V5 


ms 


W, 

=>  002  -  — -  x  OO, 

w2 

9  ^ 

=  —  x  7  cm  =  9  cm 
7 

2.  Torque  ofFaboutAis  (Fig.  8.110) 

„  3  L 

T,  =  F  x  — 

1  4 

Since  the  weight  mg  of  the  block  acts  at  the  centre 
of  the  mass  of  the  block,  the  torque  of  weight  about 
A  is 

L 

T2  =  ™g  X  “ 

The  minimum  force  required  to  topple  the  block 
before  sliding  is  given  by 

(Tl)min  =  T2 


Since  the  vertical  component  of  velocity  is  zero,  the 
time  of  flight  is 

'  1 


10  '  vr 

Horizontal  range  =  vt  =  2\f5  =  2.0  m. 

4.  Angular  momentum  is  mvr  =  constant  (say  k). 


Therefore  v  =  — 
mr 


Also 


T  = 


mv 


—1  ? 

where  A  =  m  k  is  a  constant.  Comparing  with 
T  =  Ar~n,  we  get  n  =  3 

5.  The  free  body  diagram  of  X  is  as  shown  in  Fig. 
8.111.  If  a  is  the  linear  acceleration  of  X,  then 

ma  =  T  —  mg  sin  0  ( 1 ) 


mk2 

TT 
m  r 


=  m  1k2r  J  =  Ar  3 
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If  a  is  the  angular  acceleration  of  the  drum,  then 
a  =  Ra 

also  torque  r  =  RT  =  la 

1  9 

,  -MR- a  ,  f  \ 
a  T-l “-2 -  - 


T  =  -Ma 
2 


Using  (2)  in  (1) 


ma  =  —Ma  -  ?ng  sin  30° 


(M  -  2m) 

Using  (3)  in  (2)  we  have  T= 


M  mg 
2{M -2m) 


2x0.5x10 


2(2  -  2  x  0.5) 


=  5  N 


Fig.  8.111 

6.  Applying  conservation  of  angular  momentum  about 
the  point  of  contact  of  the  disc  with  the  horizontal 
surface,  we  have 

1  2 

MuR  =  MvR  +  -  lor 
2 

=  MvR  +  ^  x  {MR2)  j 
v 

=>  U  =  V  +  - 

2 

2  u  2x6  i 

=>  v  =  —  =  -  =  4  ms 

3  3 

7.  Refer  to  Fig.  8.112. 


f=  Rmg 

The  net  torque  about  point  P  is 
F  x  R  -  fR  =  Ipa 

Where  Ip  =  mR2  +  mR2  =  2  m  R2 

(parallel  axes  theorem) 


and  a  =  Ra 

Also  /  =  / img 

F  x  R  —  jumgR  =  (2  i nR2)  X  j  =  2 maR 

=>  F  -  jumg  =  2  ma 

=>2-/<  x  2  x  10=2x2x0. 3 

,.  ,  .  0.8  0.4  „ 

which  gives  u  =  -  =  — .  Hence  P  =  4 

2x10  10 

8.  Let  Mbe  the  mass  of  each  sphere  and  R  its  radius. 
The  moment  of  inertia  of  the  system  about  the 
diagonal  AB  of  the  square  is 

1  =  h  +  h  +  h  +  h 

where  /, ,  I2,  /3  and  /4  are  the  moments  of  inertia  of 
spheres  1,2,3  and  4  respectively  about  axis  AB. 

h=i2=  \mr2 

Using  parallel-axes  theorem 

/3  =  /4  =  -  MR2  +  Mr 2 


2  o  (a 

=  -  MR-  +  M\  —j= 
5  VV2 


1  =  2  x  j^MR2j  +  2  ^MR2+^~ 

=  -MR2  +  Mal 
5 


=  -  x  0.5  x  —  xl0“2  +  0.5 

5  i,  2  J 

x  (4  x  1 0~2)2 

=  9  x  10-4  kgm2.  Hence  N  =  9. 


Fig.  8.112 
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Chapter 


Gravitation 

_ 1  _ A 


REVIEW  OF  BASIC  CONCEPTS 

9.1  j  NEWTON'S  LAW  OF  GRAVITATION 

Newton’s  law  of  universal  gravitation  states  as  follows: 

‘Any  two  particles  of  matter  anywhere  in  the  universe 
attract  each  other  with  a force  which  is  directly  proportional 
to  the  product  of  their  masses  and  inversely  proportional 
to  the  square  of  the  distance  between  them,  the  direction 
of  the  force  being  along  the  line  joining  the  particles,  i.e. 
(Fig.  9.1) 

rr>i  • — ►  F  F — *m2 

-< -  r  - »- 

Fig.  9.1 


where  F  is  the  magnitude  of  the  force  of  attraction 
between  two  particles  of  masses  ml  and  m2  separated  by 
a  distance  r. 

In  the  form  of  an  equation  the  law  is  written  as 

Gmpn 2 
F=  - , 


where  G  is  a  constant  called  the  universal  gravitation 
constant.  The  value  of  this  constant  is  to  be  determined 
experimentally  and  is  found  to  be 

G  =  6.67  x  lCT11  N  m2  kg~2. 


9.2 


GRAVITATIONAL  FORCE  DUE  TO  MULTIPLE 
MASSES 


If  a  system  consists  of  more  than  two  masses,  the 
gravitational  force  experienced  by  a  given  mass  due 


to  all  other  masses  is  obtained  from  the  principle  of 
superposition  which  states  that  ‘the  gravitational  force 
exper^ced  by  one  mass  is  equal  to  the  vector  sum  of  the 
gravitational  forces  exerted  on  it  by  all  other  masses  taken 
one  at  a  time.  ’ 


mi 


The  gravitational  force  on  mass  m  due  to  masses  mx,  m2, 
m3, ...  mn  is  given  by  (Fig.  9.2) 

F  =  Fi  +  F2  +  F3  +  •••  +  F„ 


NOTE 


(1)  Gravitational  force  is  always  attractive. 

(2)  Gravitational  force  between  two  masses  does  not  de¬ 
pend  the  medium  between  them. 

(3)  Gravitational  force  acts  along  the  straight  line  joining 
the  centres  of  the  two  bodies. 


EXAMPLE  9.1 


Two  bodies  A  and  B  of  masses  mx  =  1  kg  and  m2  = 
16  kg  respectively  are  placed  1.0  m  apart.  A  third 
body  C  of  mass  m  =  3  kg  is  placed  on  the  line  joining 
A  and  B.  At  what  distance  from  A  should  C  be  placed 
so  that  it  experiences  no  gravitational  force? 
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SOLUTION 


Let  x  metre  be  the  distance  between  A  and  C  (Fig. 
9.3) 

m- 1  F-i  m  F2 

a  • - < — • — * - *e 

^ —  x  — £* - (1  -  x)  - *- 

Fig.  9.3 


The  magnitude  of  the  resultant  force  is 
Fr=  +  F22  +  2 FxF2  cos  Q 

=  s]f2  +F2  +  2 F2  cos  60° 

=  v/3  F  =  V3  <'//”  ,  directed  vertically 
a  downwards. 


Force  exerted  by  A  on  C  is 

„  Gm,m  , 

F y  2  directed  towards  A 

x1 

Force  exerted  by  B  on  C  is 

„  G  m0m  ,  ^ 

F7  =  -  —  directed  towards  B 

“  (1-x)2 

C  will  experience  no  force  if  Fl  =  F2,  i.e. 


G  m,  m 


l2  _ 


m. 


16  = 


4  = 


G  m~,m 

(l-*)2 

(1--F>2 

x2 

2 

X 

1  -  X 

X 


which  gives  x  =  0.2  m.  Note  that  if  body  C  is  placed 
to  the  left  of  body  A  or  to  the  right  of  body  B,  it  will 
experience  a  finite  gravitational  force. 


EXAMPLE  9.2 


I  Three  bodies,  each  of 
mass  m,  are  placed  at 
the  vertices  of  an  equi¬ 
lateral  triangle  of  side 
a  as  shown  in  Fig.  9.4. 
Find  the  magnitude  and 
direction  of  the  force  ex¬ 
perienced  by  the  body  at 
vertex  A. 


SOLUTION 


The  forces  exerted  on  the 
body  at  A  by  bodies  at  B 
and  C  are  shown  in  Fig. 
9.5. 

Fi  =  F2 


Gm~ 


=  F  (say) 


A 


A 


9.3  |  ACCELERATION  DUE  TO  GRAVITY _ 

Considering  the  earth  as  an  isolated  mass,  a  force  is 
experienced  by  a  body  near  it.  This  force  is  directed 
towards  the  centre  of  the  earth  and  has  a  magnitude  mg, 
where  g  is  the  acceleration  due  to  gravity. 

GmM 

F  =  mg  =  - — 

R~ 

where  M  is  the  mass  of  the  earth  and  R  its  radius  (nearly 
constant  for  a  body  in  the  vicinity  of  the  earth) 


GM 


All  bodies  near  the  surface  of  the  earth  fall  with  the 
same  acceleration  which  is  directed  towards  the  centre  of 
the  earth. 


9.4  j  VARIATION  OF  G 


1.  Variation  with  altitude  The  acceleration  due  to  gravity 
of  a  body  at  a  height  h  above  the  surface  of  the  earth  is 
given  by 


Sh  § 


R 


R  +  h 


where  g  is  the  acceleration  due  to  gravity  on  the  surface 
of  the  earth.  If  h  is  very  small  compared  to  R,  we  can  use 
binomial  expansion  and  retain  terms  of  order  h/R.  We 
then  get 


Sh  § 


Thus,  the  acceleration  due  to  gravity  decreases  as  the 
altitude  (h)  is  increased. 

2.  Variation  with  depth  The  acceleration  due  to  gravity 
at  a  depth  d  below  the  surface  of  the  earth  is  given  by 

This  equation  shows  that  the  acceleration  due  to  gravity 
decreases  with  depth.  At  the  centre  of  the  earth  where 
d  =  R,  gc,  =  0.  Thus  the  acceleration  due  to  gravity  is 
maximum  at  the  surface  of  the  earth,  decreases  with 
increase  in  depth  and  becomes  zero  at  the  centre  of  the 
earth. 


Fig.  9.5 


Gravitation  9.3 


3.  Variation  with  Latitude  Due  to  the  rotation  of  earth 
about  its  axis,  the  value  of  g  varies  with  latitude,  i.e.  from 
one  place  to  another  on  the  earth’s  surface.  At  poles,  the 
effect  of  rotation  on  g  is  negligible.  At  the  equator,  the 
effects  of  rotation  on  g  is  the  maximum.  In  general,  the 
value  of  acceleration  due  to  gravity  at  a  place  decreases 
with  the  decrease  in  the  latitude  of  the  place. 

The  acceleration  due  to  gravity  at  a  place  on  earth 
where  the  latitude  is  <p  is  given  by 

gp  =  g  ~  a2  R  cos2  (j)  ; 

(O  =  angular  velocity  of  rotation  of  earth. 

At  equator,  0=0  =>  g e  =  g  -  Rco2  (minimum) 

At  poles,  (j)=  90  =>  gp  =  g  (maximum) 

g0  =  g  -  0.0337  cos2  (p 

Thus  the  value  of  g  varies  slightly  from  place  to  place 
on  earth.  Variation  of  g  with  altitude  and  depth  is  shown 
in  Fig.  9.6. 


EXAMPLE  9.3 


The  acceleration  due  to  gravity  on  the  surface  of  the 
moon  is  1.67  ms~2.  The  mass  of  the  earth  is  about 
80  times  that  of  the  moon.  Estimate  the  ratio  of  the 
radius  of  the  earth  to  that  of  the  moon. 


SOLUTION 


G  M  G  M 

e  R2  anC  Sm  ^2 


A 

R,„ 


— X  — 

M, 


,1/2 


§m  J 


=  80  x 


1.67 

9.8 


1/2 


=  3.7 


SOLUTION 


g_ 

g 

1 

2 

1 

V2 


which  gives 


( 


R 


\ R  +  h 
r  R 

,  R  r  h 

R 


R  +  h 

h  =  (V2 -1  )R. 


EXAMPLE  9.5 


A  body  weighs  63  N  on  the  surface  of  the  earth.  How 
much  will  it  weigh  at  a  height  equal  to  half  the  radius 
of  the  earth? 


SOLUTION 


W  = 
W'  = 

w'  = 


mg  =  63  N 
mg'  =  mg 

R 


r  R  V 


W 


R  +  h 


R  +  h 


63  x 


R 


{R  +  R/2  J 


28  N 


EXAMPLE  9.6 


Assuming  the  earth  to  be  a  sphere  of  uniform  mass 
density,  find  the  percentage  decrease  in  the  weight 
of  a  body  when  it  is  taken  to  the  end  of  a  tunnel 
32  km  below  the  surface  of  the  earth.  Radius  of  earth 
=  6400  km. 


SOLUTION 


g'  =  g 


Decrease  in  weight 


Percentage  decrease 


g  1- 


32 


199  g 


6400  J 

200 

mg' 

i-l^) 
200  J 

_  mg_ 

200 

mg / 200 
mg 


x  100  =  0.5% 


EXAMPLE  9.4 


■  Assuming  that  the  earth  is  a  sphere  of  radius  R,  at 
what  altitude  will  the  value  of  acceleration  due  to 
gravity  be  half  its  value  at  the  surface  of  the  earth? 


EXAMPLE  9.7 


At  what  depth  below  the  surface  of  the  earth  will  the 
value  of  acceleration  due  to  gravity  become  90%  of 
its  value  at  the  surface?  R  =  6.4  X  106  m. 
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SOLUTION 


g'=  0.9  g.  g'  ~  g  'J 1  -  dR 

0.9  =  1  -  — 

R 

d=  0.1  R  =  6.4  x  105  m 


9.5  !  GRAVITATIONAL  FIELD  INTENSITY 

_ I _ 

Just  as  the  region  around  a  magnet  has  magnetic  field  and 
the  region  around  a  charge  has  electric  field,  the  region 
around  a  mass  has  gravitational  field. 

The  gravitational field  intensity  (or  simply  gravitational 
field)  at  a  point  is  defined  as  the  gravitational  force 
experiel^ced  by  a  unit  mass  placed  at  that  point. 

Consider  the  gravitational  field  of  a  body  of  mass  M 
To  find  the  strength  of  the  field  at 
a  point  P  at  a  distance  r  from  M, 
we  place  a  small  mass  m  at  P.  The 
gravitational  force  exerted  on  m 
by  Mis  (Fig.  9.7) 

r,  GMm 
F=  - - — 


M 


Fig.  9.7 


By  definition,  the  gravitational  field  (intensity)  of  M  at 
P  is  given  by 


/  = 


GM 


I  is  a  vector  quantity.  In  vector  fonn 

GM  a 
I  = - —  r 


where  r  is  a  unit  vector  directed  from  Mto  P,  i.e  radially 
away  from  M.  The  negative  sign  indicates  that  I  directed 
radially  inwards  towards  M. 

The  SI  unit  of  /  is  N  kg-1. 

In  three  dimensions,  if  mass  Mis  located  at  the  origin, 
the  magnetic  field  at  a  P  (. x ,  y,  z )  is  given  by 

GM  a 
I  = - v  r 


where  r  =  xi  +  y]  +zk  represents  the  position  of  point/* 
with  respect  to  mass  Mat  the  origin. 

For  a  many  body  system,  the  principle  of  superposition 
holds  for  gravitational  field  (intensities)  just  as  it  holds  for 
gravitational  forces,  i.e. 

1  =  Ji  +  h  +  J3  +  +  h 

where  Il5 12, ...  I„  are  the  gravitational  field  intensities  at  a 
point  due  to  bodies  of  masses  Ml,  M2, ...  Mn. 

For  continuous  mass  distributions  (i.e  rigid  bodies), 
we  divide  the  body  into  an  infinitely  large  number  of 


infinitesimally  small  elements.  Then  the  gravitational  field 
intensity  is  given  by 

/=  jdl 

Gravitational  Field  due  to  some  continuous  Mass 
Distributions 


(1)  Gravitational  field  due  to  a  circular  ring  of  mass 
M  and  radius  R  at  a  point  at  a  distance  r  from  the 
centre  and  on  the  axis  of  the  ring  is  given  by 

GMr 

(R2+r2f2 

(2)  Gravitational  field  due  to  a  thin  spherical  shell 
of  mass  M  and  radius  R  at  a  point  P  at  a  distance 
r  >  R  from  the  centre  of  shell, 

GM 

1= — —  (outside  the  shell) 
r 

Inside  the  shell,  7=0 

(3)  Gravitational  field  of  a  solid  sphere  of  mass  M  and 
radius  R  is 


/  = 


GM 


for  r  >  R 


GM 

R2 


for  r  =  R 


GMr 
R 3 


for  r  <  R 


Fig.  9.8 

Figure  9.8  shows  the  variation  of  the  gravitational  field 
of  a  solid  sphere. 

9.6  j  GRAVITATIONAL  POTENTIAL  ENERGY 

Gravitational  potential  energy  of  a  system  of  two  masses 
M  and  m  held  a  distance  r  apart  is  defined  as  the  amount 
of  work  done  to  bring  the  masses  from  infinity  to  their 
respective  locations  along  any  path  and  without  any 
acceleration,  (see  Fig.  9.9) 

m  at  oo 

M  m 

• 

A  B 

- r - ► 

Fig.  9.9 


Gravitation  9.5 


Work  done  to  bring  mass  Mfrom  infinity  to  A  is  Wx  =  0. 
Work  done  to  bring  mass  m  from  r  =  °o  to  r  =  r  is 

r 

W2  =  Jf  •  Jr 

r 

=  J  F  dr  cos  0 

Since  mass  Mwill  attract  mass  m,  angle  9  between  F 
and  Jr  is  zero.  Hence 


j 


GMm 


dr 


GMm  Jr  2  dr 


GMm 


Total  work 


W=  Wx  +  w2  =  - 


GMm 


Gravitational  potential  energy  of  the  system  is 
U- W-- — 


The  zero  of  potential  energy  is  assumed  to  be  at  r  =  °°. 
The  negative  sign  indicates  the  potential  energy  is  negative 
for  any  finite  separation  between  the  masses  and  increases 
to  zero  at  infinite  separation. 

Expression  for  Increase  in  Gravitational  Potential 
Energy 

If  the  body  m  is  moved  away  from  M,  the  potential  energy 
of  the  system  increases,  [see  Fig.  9.10] 


Mi 


B 

mm 


■  ri- 


P.E.  at  B  =  - 


RE.  at  C  = 


Fig.  9.10 

GMm 


Increase  in  RE.  = 


'  l 

GMm 


GMm 


=  GMm 


n 

U 


f 

V 

T" 

Gy 


GMm2 

n  j 


If  the  body  of  mass  M  is  the  earth,  then  the  increase  in 
gravitational  RE.  when  a  body  of  mass  m  is  taken  from 
the  surface  of  the  earth  to  a  height  h  above  the  surface  is 
given  by  (see  Fig.  9.11),  R  =  radius  of  the  earth. 

A U=  RE.  at  Q  -  RE  at  P 


If  h  «  R 


GMm 
~  (. R  +  h ) 
GmMh 
R(R  +  h) 

GmMh 

A  U  = 


Rz 


GMm  h 
~i R~  ) 


=  mgh 
GM 


Rz 


=  g 


|P 

Fig.  9.11 


9.7  i  GRAVITATIONAL  POTENTIAL 


Gravitational  potential  at  a  point  P  in 
the  gravitational  field  of  a  body  of  M 
is  defined  as  the  amount  of  work  done 
to  bring  a  unit  mass  from  infinity  to 
that  point  along  any  path  and  without 
any  acceleration,  i.e.,  (Fig.  9.12) 


Fig.  9.12 


GMm 
r  x  m 


V=  - 


GM 


Potential  V  is  a  scalar  quantity.  Hence  the  gravitational 
potential  at  a  point  P  due  to  a  number  of  masses  m  h  m2, ...  mn 
at  distances  ru  r2, ...  rn  respectively  from  P  is  given  by 

y=  v i  +  f2  +•••  +  vn 


=  -  G 


■  +  - 


m„ 


V 


'2  'n  J 

The  SI  unit  of  Eis  J  kg-1. 

Relation  between  Gravitational  Field  Intensity  (I) 
and  Gravitational  Potential  (V) 

Gravitational  field  intensity  and  gravitational  potential  at 
a  point  are  related  as 

1=  dV 
dr 

Gravitational  Potential  due  to  a  Spherical  Shell 


(i)  At  a  point  outside  the  shell,  V  =  - 


GM 


(for 


r>R )  where  M  is  the  mass  and  R  is  the  radius  of 
the  shell. 

(ii)  At  a  point  on  the  surface  of  the  shell,  V  =  - 


(iii)  At  a  point  inside  the  shell,  V= 


GM 

R 


R 

(for  r  <  R) 


Figure  9.13  shows  the  variation  V  with  r  for  a 
spherical  shell. 
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Gravitational  field  at  P  will  be  zero  if 


or 


h  =  h 


Gn\  Gm2 


m. 


(  \2 
i  ^  \ 


Vr2  J 


81  = 


1- 


r\J 


( r2  =  r  —  rx  and  r  =  1  m) 


Fig.  9.13 


Gravitational  Potential  due  to  a  Solid  sphere  of  mass  M 
and  radius  R 

(i)  For  points  outside  the  sphere  (r  >  R), 


V=  - 


GM 


(ii)  For  points  inside  the  sphere  (r  <  R), 


v= 


3GM 


f  R2 


R i 


2\ 


6 


(ii)  At  the  centre  of  the  sphere  (r  =  0) 
V=-3GM 


2  R 


(iv)  On  the  surface  of  the  sphere  (r  =  R) 
GM 


V=  -- 


R 


9  = 


1-i 


r,  =0.1  m 


Gravitational  potential  at  P  is 

V  =  V{  +  V2  =  -  G 


-!-  +  ■ 
V  >i 


'2  J 


=  -  6.67  x  10  x 


n  (1 00  8100 


x 

0.1  0.9 


=  -  6.67  x  10  7  J  kg-1 

(b)  Gravitational  potential  energy  of  the  system  is 
G.F.E.- 


6.67  x  10“n  x  100x8100 


1 


=  -  5.4  x  10~5  J 


EXAMPLE  9.8 


Two  masses  m1  =  100  kg  and  m2  =  8100  kg  are  held 

1  m  apart. 

(a)  At  what  point  on  the  line  joining  them  is  the 
gravitational  field  equal  to  zero?  Find  the  gravi¬ 
tational  potential  at  that  point. 

(b)  Find  the  gravitational  potential  energy  of  the 
system.  Given  G  =  6.67  x  10~u  Nm2kg~2. 


SOLUTION 


Gravitational  field  at  P  due  to  ml  is  [Fig.  9. 14] 

m  1  q  P  l2  m2 

• - «  ■  > - • 

^  q  - r2 - ► 


Fig.  9.14 

r  Gm, 

/,  =  — —  directed  towards  mx 
r\ 

Gravitational  field  at  P  due  to  m2  is 

/7  =  ^  ^  directed  towards  m2 
r2 


EXAMPLE  9.9 


Three  equal  masses,  each  equal  to  m,  are  kept  at  the 
vertices  of  an  equilateral  triangle  of  side  a.  Find  the 
gravitational  field  and  gravitational  potential  at  the 
centroid  of  the  triangle. 


SOLUTION 


Refer  to  Fig.  9.15. 

A 


Fig.  9.15 
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The  centroid  O  divides  the  lines  AD,  BE  and  CF  in 
the  ratio  2:1.  Also  AO  =  BO  =  CO  =  r  (say).  Now  AO 
2 

=  —  AD  and 
3 


AD  =  ,la2-—  = 


v/3, 


AO  =  -  x 
3 


4 

V3  a 


a 

V3 


i.e.  r  = 


V3 


The  gravitational  fields  at  O  due  to  masses  m  at  A,  B 
Gm 

and  C  are  IA  =  IB  =  Ic=  — =  /.  Their  directions  are 
r 

shown  in  Fig.  9.15.  The  angle  between  any  two  of 
them  is  6  =  120°. 

The  resultant  of  IB  and  Ic  is 

I'=  jl2  +/2  +2I2  cos  120° 

=  /  directed  vertically  down. 


/'  will  cancel  with  IA.  Hence  the  net  gravitational  field 
at  O  is  zero. 

The  gravitational  potential  at  O  is 

v=vx  +  v2  +  v3 


Gm  Gm  Gm 


r  r  r 
3  Gm  _  Gm 

r  a 


EXAMPLE  9.10 


I  The  gravitational  potential  at  a  height  h  =  1600  km 
above  the  surface  of  the  earth  is  -  4.0  X  107  Jkg~*. 
Assuming  the  earth  to  be  a  sphere  of  radius  R  =  6400 
km,  find  the  value  of  the  acceleration  due  to  gravity 
at  that  height. 


SOLUTION 


Let  r  =  R  +  h.  Then 


and 


V  =  - 


GM 


g 


r 

GM 


g'  _  GM/r 
\V\  GM/r 


g 


,  _  \V\  = 

(. R  +  h) 

=  5.0  J  kg 


I  =  1 

r  R  +  h 

4.0  xlO7  J  kg"1 
(6.4  +  1.6)  x  106m 
1  m_1  =5.0  ms~2 


EXAMPLE  9.11 


Two  particles  of  masses  mx  and  m2  are  initially  at  rest 
at  an  infinite  distance  apart.  They  begin  to  move  to¬ 
wards  each  other  due  to  gravitational  attraction.  Find 
the  ratio  of  their  accelerations  and  speeds  when  the 
separation  between  them  becomes  r. 


SOLUTION 


Since  no  external  force  acts  on  the  system,  the  accel¬ 
eration  of  their  centre  of  mass  is  zero,  i.e. 

mi  ax  +  m2a2 


0  =  m\a\  +  m2a2 
mx  +  m2 

mxax  =  —  m 7  a 2 


'l  _ 


m. 


The  negative  sign  indicates  that  they  move  in  oppo¬ 
site  directions. 

Let  vx  and  v2  be  the  speeds  of  two  masses  when  they 
are  at  a  distance  r.  Due  to  gravitational  attraction, 
they  gain  speed  as  they  approach  each  other.  Hence 
their  kinetic  energy  increases  and  gravitational  poten¬ 
tial  energy  (G.P.E)  decreases.  From  the  conservation 
of  energy, 

Loss  in  G.P.E.  =  gain  in  K.E. 

G.P.E.),.  -  (G.P.E.)/=  (K.E.)y-  (K.E.),- 


0-  - 


Gm,m 


l'"2  _ 


1  2  1  2  n 

=  +2miVl~{) 


G 


«7j  m, 

r 


—  777, V 
2  1 


2 

1 


1 

-I —  m0v 
2  - 


2 

2 


(i) 


Since  no  external  force  acts,  the  total  momentum  of 
the  system  is  conserved,  i.e.,/?,  =  /yor 

0  =  mxvx  -  m2v2  (ii) 

From  Eqs.  (i)  and  (ii),  we  get 


V2 


7  2Gm\ 

j{mx  +m2) 

"  2  G  777  2 

yr(mx+m2) 


V/2 

y 

X  1/2 

y 


=  «2 
v2  mx 


and 
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9.8  j  ESCAPE  VELOCITY _ 

The  escape  velocity  is  the  minimum  velocity  with  which 
a  body  must  be  projected  in  order  that  it  may  escape  the 
earth’s  gravitational  pull.  The  magnitude  of  the  escape 
velocity  is  given  by 

1 2  MG 
Ve~  V  R 

where  M  is  the  mass  of  the  earth  and  R  its  radius. 
Substituting  the  known  values  of  G,  M  and  R,  we  get 
ve  =  11.2  kms-1.  The  expression  for  the  escape  velocity 
can  be  written  in  terms  of  g  as 

ve=  v/2 gR 

The  escape  velocity  is  independent  of  the  mass  of  the  body 
and  the  direction  of  projection. 

9.9  j  SATELLITES _ 

A  body  moving  in  an  orbit  around  a  much  larger  and 
massive  body  is  called  a  satellite.  The  moon  is  the  natural 
satellite  of  the  earth. 


Orbital  Velocity  Let  us  assume  that  a  satellite  of  mass  m 
goes  around  the  earth  in  a  circular  orbit  of  radius  r  with  a 
uniform  speed  v.  If  the  height  of  the  satellite  above  the 

earth’s  surface  is  h,  then  r=(R  +  h),  where  R  is  the  mean 

2 

TUV 

radius  of  the  earth.  The  centripetal  force  -  necessary 

r 

to  keep  the  satellite  in  its  circular  orbit  is  provided  by 

the  gravitational  force  between  the  earth  and  the 

r 

satellite.  This  means  that 


mv 


=  G- 


.  mM 


r  r 

where  Mis  the  mass  of  the  earth.  Thus 


v  = 


GM 


GM 
(. R  +  h ) 


Now  the  acceleration  due  to  gravity  on  earth’s  surface 
is  given  by 

GM 

g 


or 


Rz 

GM=  gR2 


Substituting  for  GM  we  get 


v  =  R 


g 


'(R  +  h) 

If  the  satellite  is  a  few  hundred  kilometres  above 
the  earth’s  surface  (say  100  to  300  km),  we  can  replace 


(R  +  h)  by  R.  The  error  involved  in  this  approximation  is 
negligible  since  the  radius  of  the  earth  (R)  =  6.4  x  106  m 
=  6400  km. 

Thus,  we  may  write 

v=  \fgR  =  \J9.8  x  6.4  x  106 

=  7.9  x  103  ms~‘  =  8  km  s_1 

Periodic  Time  The  periodic  time  T  of  a  satellite  is 
the  time  it  takes  to  complete  one  revolution  and  it  is 
given  by  (since  r  =  R  +  h) 


T  = 


2  nr 
v 


=  2n. 


(R  +  hf 

gR 2 


If  h  «  R,  we  have  v  =  JgR  .  Hence 


T=2n 


\(R  +  h )3 

V  gR 2 


Total  Energy  of  a  Satellite 

Total  energyfs  =  K.E.  +  P.E. 

1  2  GmM 

=  —  mv - 

2  r 

GmM  GmM 
2  r  r 

GmM 


v  v  = . 


GM 


v 


E=  - 


Gm  M 
2  (R  +  h) 


NOTE 


P  F 

(1)  E=  — 
2 


(2)  E  =  -  (K.E.) 

(3)  The  total  energy  is  negative  which  implies  that  the  sat¬ 
ellite  is  bound  by  the  gravitational  field  of  the  earth. 

GmM 


The  binding  energy 


2  r 


This  energy  must  be 


given  to  the  orbiting  satellite  to  escape  to  infinity. 


Angular  Momentum 

The  magnitude  of  angular  momentum  of  a  satellite  is 
given  by 

L  =  mvr 

[GM 

=  m\J—r 

=>  L  =  m  sGMr 

Geostationary  Satellites  A  Geostationary  satellite  is 
a  particular  type  used  in  communication.  A  number  of 
communication  satellites  are  launched  which  remain  in 


Gravitation  9.9 


fixed  positions  at  a  specified  height  above  the  equator. 
They  are  called  geostationary  or  synchronous  satellites 
used  in  international  communication. 

For  a  satellite  to  appear  fixed  at  a  position  above  a 
certain  place  on  the  earth,  it  must  corotate  with  the  earth 
so  that  its  orbital  period  around  the  earth  is  exactly  equal 
to  the  rotational  period  of  the  earth  about  its  axis  of 
rotation. 

This  condition  is  satisfied  if  the  satellite  is  put  in  orbit 
at  a  height  of  about  36,000  km  above  the  earth’s  surface. 


Trajectory  of  a  Satellite  for  Different  Speeds 

Orbital  speed  of  a  satellite  is 


Vn  = 


GM 


Escape  velocity  is 


v„  = 


2  GM 


Let  v  be  the  speed  given  to  a  satellite. 

(i)  If  v  <  v(j,  the  satellite  will  follow  an  elliptical  path 
with  the  centre  of  the  earth  as  the  farthest  focus. 
The  satellite  will  not  complete  the  orbit  and  will 
fall  to  the  earth. 

(ii)  If  v  =  v0,  the  satellite  will  follow  a  circular  path 
with  the  centre  of  the  earth  as  the  centre  of  the  cir¬ 
cular  orbit. 

(iii)  If  v0  <  v  <  ue,  the  satellite  will  follow  an  ellipti¬ 
cal  orbit  with  the  centre  of  the  earth  as  the  nearer 
focus. 

(iv)  If  v  =  ve,  the  satellite  will  escape  the  gravitational 
pull  of  the  earth  following  a  parabolic  path. 

(v)  lfv>ve,  the  satellite  will  escape  the  gravitational 
pull  of  the  earth  following  a  hyperbolic  path. 


9.10  !  KEPLER'S  LAWS  OF  PLANETARY  MOTION 

Johannes  Kepler  formulated  three  laws  which  describe 
planetary  motion.  They  are  as  follows: 

1 .  Law  of  orbits  Each  planet  revolves  about  the  sun 
in  an  elliptical  orbit  with  the  sun  at  one  of  the  focii 
of  the  ellipse.  The  orbit  of  a  planet  is  shown  in  Fig. 
9.16(a)  in  which  the  two  focii  Fx  and  F2,  are  far 
apart.  For  the  planet  earth,  F x  and  F2  are  very  close 
together.  In  fact,  the  orbit  of  the  earth  is  practically 
circular. 

2.  Law  of  areas  A  line  drawn  from  the  sun  to  the 
planet  (termed  the  radius)  sweeps  out  equal  areas 
in  equal  intervals  of  time.  In  Fig.  9.16(b)  Px,  P2,  P3 
and  P 4  represent  positions  of  a  planet  at  different 
times  in  its  orbit  and  S,  the  position  of  the  sun. 


Planet 


According  to  Kepler’s  second  law,  if  the  time 
interval  between  Px  and  P2  equals  the  time  interval 
between  P3  and  P4,  then  area  Ax  must  be  equal  to 
area  A2.  Also  the  planet  has  the  greater  speed  in  its 
path  from  Px  to  P2  than  in  its  path  from  P3  to  P4. 

3.  Law  of  periods  The  squares  of  the  periods  of  the 
planets  are  proportional  to  the  cubes  of  their  mean 
distances  from  the  sun.  If  Tx  represents  the  period 
of  a  planet  about  the  sun,  and  rx  its  mean  distance, 
then 


rj-<2  3 
T l  ^  r\ 

If  T2  represents  the  period  of  a  second  planet  about  the 
sun,  and  r2  its  mean  distance,  then  for  this  planet 

rji2  3 

l  2  °°  r2 

These  two  relations  can  be  combined  since  the  factor 
of  proportionality  is  the  same  for  both.  Thus 


= 

7^2 


'1 


EXAMPLE  9.12 


The  mass  of  Jupiter  is  3 1 8  times  that  of  the  earth  and 
its  radius  is  11.2  times  that  of  the  earth.  Calculate 
the  escape  velocity  from  Jupiter’s  surface.  Given  the 
escape  velocity  from  earth’surface  =11.2  km  s-1. 


SOLUTION 


For  Jupiter  : 


For  Earth  : 


2MXG 

2MeG 

Re 
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■0  _ 


Ms  * 


X 

r 


=  J  318x- 


11.2 


=  5.33 


Vj  =  5.33  vE  =  5.33  x  11.2  =  59.7  km  s  1 


EXAMPLE  9.13 


■  Calculate  the  escape  velocity  of  a  body  at  a  height 
1600  km  above  the  surface  of  the  earth.  Radius  of 
earth  =  6400  km. 


SOLUTION 


Work  required  to  move  a  body  of  mass  m  from  r  = 
R  +  h  to  r  =  °°  is 

W=  J  Fdr 

R+h 


=  GmM  J 

R+h  r~ 

If  ve  is  the  escape  velocity,  then 


Gm  M 
R  +  h 


GmM 
R  +  h 


V„  = 


2  GM 
R  +  h 


2gR2 
R  +  h 


Given  R  =  6.4  x  106  m,  and  h  =  1.6  x  106  m  and 
g=  9.8  ms~2 

|2x9.8x(6.4xl06)2 
Ve  V  (6.4 +  1.6)  x  106 

=  10  x  10  ms-1 
=  10  km  s-1 


EXAMPLE  9.14 


I  A  rocket  is  launched  vertically  from  the  surface  of  the 
earth  with  an  initial  velocity  equal  to  half  the  escape 
velocity.  Find  the  maximum  height  attained  by  it  in 
terms  of  R  where  R  is  the  radius  of  the  earth.  Ignore 
atmospheric  resistance. 


SOLUTION 


On  the  surface  of  the  earth,  the  total  energy  of  the 
rocket  is 


E, 


K.E.  +  P.E.  = 


1  2 

— mv 
2 


GmM 

R 


At  the  highest  point,  v  =  0.  If  h  is  the  maximum  height 
attained,  the  energy  of  the  rocket  at  height  h  is 

GmM 

Ef= - 

'  ( R  +  h) 

From  conservation  of  energy,  El  =  Ef,  i.e., 


1  2  GmM 

—  mv - 

2  R 


GmM 
(R  +  h) 


v  = 


2  GM  h 
x  - 


R 


R  +  h 


=  va 


Given  v  =  — .  Hence  —  =  v. 
2  2 


R 


R  +  h 


h 


R  +  h 


h=« 

3 


EXAMPLE  9.15 


R 


A  body  is  dropped  from  a  height  h  equal  to  — ,  where 

R  is  the  radius  of  the  earth.  Show  that  it  will  hit  the 
surface  of  the  earth  with  a  speed  v  =  ve  /■ \f3  ,  where  ve 
is  the  escape  velocity  from  the  surface  of  the  earth. 


SOLUTION 


Total  energy  of  the  body  at  height  h  is 
_  GmM 


(R  +  h) 

Total  energy  when  it  hits  the  surface  of  the  earth  is 


(i) 


^  1  2  GmM 

Ef=  —mv - 

1  2  R 

From  conservation  of  energy,  Ei  =  Ef,  i.e 

GmM  1  2  GmM 

- =  —  mv - 

(R  +  h)  2  R 


v  = 


2  GM 


R 


h 


(R  +  h) 


=  va 


R 


(R  +  h) 


„  ,  R  ve 

For  h  =  —,v=  —7=  . 
2’  V3 


(ii) 


EXAMPLE  9.16 


Show  that  the  minimum  energy  required  to  launch 
a  satellite  of  mass  m  from  the  surface  of  the  earth  in 
a  circular  orbit  at  an  altitude  h  =  R,  where  R  is  the 
2  m  gR 

radius  of  the  earth  is  -  where  M  is  the  mass  of 

4 


the  earth. 
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SOLUTION 


I  Total  energy  of  the  satellite  orbiting  the  earth  is 
E  _  GmM 

GmM  GmM  , 

= - = - ( v  h  =  R ) 

2  (R  +  h)  4  R 

Total  energy  when  the  satellite  was  at  rest  on  the  sur¬ 
face  of  the  earth  is 

E2  =  K.E.  +  P.E. 


GmM 

R 


Minimum  energy  required  is 


^min  =  E\ 


Gm  M 
R 


GmM 
4  R 

3  GmM 
4  R 


EXAMPLE  9.17 


I  A  satellite  of  mass  m  =  100  kg  is  in  a  circular  orbit  at 
a  height  h  =  R  above  the  surface  of  the  earth  where  R 
is  the  radius  of  the  earth.  Find 
(a)  the  acceleration  due  to  gravity  at  any  point  on 
the  path  of  the  satellite, 

(b)  the  gravitational  force  on  the  satellite  and 
(c)  the  centripetal  force  on  the  satellite. 


SOLUTION 


(a)  g'=  g 


R 


\2 


R  +  h 


=  9.8  x 


R 


R  +  R 


4 


=  2.45  ms 

(b)  Gravitational  force  on  satellite  is 

Fg  =  mg'  =  100  x  2.45  =  245  N 


-2 


(c)  Centripetal  force  Fc 


2 

mv 

r 


or 


GmM 

R2 


GmM 


mg  x 


R 


R  +  h 


=  mg'  =  245  N. 


NOTE 


Since  F  =FC,  the  satellite  is  a  freely  falling  body  and  is, 
therefore,  weightless. 


EXAMPLE  9.18 


A  body  projected  vertically  upwards  from  the  surface 
of  the  earth  with  a  certain  velocity  rises  to  a  height  of 
10  m.  How  high  will  it  rise  if  it  is  projected  with  the 
same  velocity  vertically  upwards  from  a  planet  whose 
density  is  one-third  that  of  the  earth  and  radius  half 
that  of  earth?  Ignore  atmospheric  resistance. 


SOLUTION 


Since  the  kinetic  energy  of  the  body  is  the  same  in 
both  the  cases,  loss  in  K.E.  =  gain  in  RE.  will  be  equal, 
i.e., 


™gv\  =  mg  A 


Now 


h  =  /3e><- 
P  gp 

GM  G  4  n  3 


Rz 


Rz 


4k 

T  GR» 


R„ 


—  =  — x  —  =  2x3  =  6 
Pp 


gP  RP  PP 


hp  =  6 he  =  6  X  10  =  60  m 


EXAMPLE  9.19 


A  satellite  of  mass  2000  kg  is  orbiting  the  earth  at  an 
altitude  R/l,  where  R  is  the  radius  of  the  earth.  What 
extra  energy  must  be  given  to  the  satellite  to  increase 
its  altitude  to  R ?  Given  R  =  6.4  X  106  m. 


SOLUTION 


In  the  first  case,  r,  =  R  +  —  =  —  and  in  the  second 

2  2 

case,  r2=  R  +  R  =  2 R. 

Required  energy  =  E2  -  Ex 


GmM  f  GmM2 
lr2  1,  2rx 

GmM  GmM 
4  R  3  R 

GmM 
12  R 


mgR 

1 T 
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2000  x  9.8  x  (6.4  xlO6) 
12 

=  1.04  x  108  J 


EXAMPLE  9.20 


Two  bodies  of  masses  ml  and  m2  are  held  at  a  distance 
r  apart.  Show  that  at  the  point  where  the  gravitational 
field  due  to  them  is  zero,  the  gravitational  potential 
is  given  by 


y=--( 


Wj  +  m2  + 


2  7"VW 2  ) 


SOLUTION 


Let  the  gravitational  field  be  zero  at  point  P  (Fig. 
9.17).  Then 


G  ml  _  G  ; 


m-\ 


Fig.  9.17 


m2 


9 - 

- T - 

— t 

t*-  ri 

' ! ' 

r2 

—  r - 

O 


Also 


r  i  = 


1  (77~  +  77> 


r1=  r  -  r. 


r  Jm 


(77~  +  7"7) 


(7"7+7"7) 

Gravitational  potential  at  P  is 
G  tn  1  Gm*, 

(/  = - i- - i 


(i) 


(ii) 


(iii) 


Using  (i)  and  (ii)  in  (iii)  and  simplifying,  we  get 
V  = - (;77j  +  m2  +  2^mxm2  j 


EXAMPLE  9.21 


■  The  distance  of  a  planet  from  the  sun  is  10  times 
that  of  the  earth.  Find  the  period  of  revolution  of  the 
planet  around  the  sun. 


SOLUTION 


From  Kepler’s  law  of  periods,  I2  °c  r3.  Therefore 


Ip  =  Tc  x  7l000  =  1  year  x  3 1 .6  =  3 1 .6  years 


EXAMPLE  9.22 


A  satellite  is  revolving  in  a  circular  orbit  close  to  the 
surface  of  the  earth  with  a  speed  v.  What  minimum 
additional  speed  must  be  imparted  to  it  so  that  it  es¬ 
capes  the  gravitational  pull  of  the  earth?  Radius  of 
earth  =  6.4  x  106m. 


SOLUTION 


v  =  yfgR  and  ve  =  yflgR 
Additional  speed  required  is 

ve-v=  (72  - 1)  7 gR 

=  0.414  x  79.8  x  6.4  xlO6 
=  3.28  x  103  ms-1 
=  3.28  km  s_1 


EXAMPLE  9.23 


A  body  of  mass  m  is  placed  at  the  centre  of  a  spherical 
shell  of  radius  R  and  mass  M.  Find  the  gravitational 
potential  on  the  surface  of  the  shell. 


SOLUTION 


Gravitational  potential  on  the  surface  of  the  shell  due 
to  body  of  mass  m  is 


Gravitational  potential  on  the  surface  of  the  shell  due 
to  shell  itself  is 


V=- 


GM 

R 


V=  Vb  +  Vs  =  - 


—  (m  +  M) 
R  v  ’ 


EXAMPLE  9.24 


A  tunnel  is  drilled  from  the  surface  of  the  earth  to  its 
centre.  A  body  of  mass  m  is  dropped  into  the  tunnel. 
Find  the  speed  with  which  the  body  hits  the  bottom 
of  the  tunnel.  The  mass  of  earth  is  M  and  its  radius 
is  R. 
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SOLUTION 


Hence 


Let  v  be  the  required  speed.  Gain  in  K.E.  =  loss  in  P.E. 
=  P.E.  at  the  surface  -  P.E.  at  the  centre.  The  poten¬ 


tial  energy  at  the  centre  of  the  sphere 


3  GmM 
2  R 


1  2 

—  mv  = 

2 


v  = 


GmM  (  3  GmM\ 

—R  l” 2  R  J 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  body  of  mass  m  is  placed  at  the  centre  of  a  spheri¬ 
cal  shell  of  radius  R  and  mass  M.  The  gravitational 
potential  on  the  surface  of  the  shell  is 


(a)  —  —  (M  +  m) 
R 


(b)  -  -  (M-  m) 


G  f 

(c) - 

R 


m  M 
Y  M  +m 


(d)  - 


G  (  mM  ^ 


R 


\M  —  m  ) 


2.  The  magnitude  of  angular  momentum  of  the 
earth  revolving  round  the  sun  is  proportional  to 
R  "  where  R  is  the  distance  between  the  earth  and 
the  sun.  The  value  of  n  is  (assume  the  orbit  to  be 
circular). 


(a)  I 


(0  1 


(b)  1 


(d)  2 


3.  A  tunnel  is  drilled  from  the  surface  of  the  earth  to 
its  centre.  The  radius  of  the  earth  is  R  and  g  is  the 
acceleration  due  to  gravity  on  its  surface.  A  body  of 
mass  m  is  dropped  into  the  tunnel.  If  Mis  the  mass 
of  the  earth,  the  speed  with  which  the  body  hits  the 
bottom  of  the  tunnel  is 


(a) 

M 

(c)  72 ^R 


<b) 

m 

(d)  7 gR 


4.  A  satellite  is  orbiting  at  a  height  R  above  the 
surface  of  the  earth  where  R  is  the  radius  of  the 
earth.  By  what  percentage  must  the  energy  of  the 
satellite  be  increased  so  that  it  orbits  at  a  height  2  R 
above  the  surface  of  the  earth? 

(a)  25%  (b)  33.3% 

(c)  50%  (d)  66.7% 

5.  If  El  is  the  energy  required  to  raise  a  satellite  to  a 
height  h  —  R  (radius  of  the  earth)  above  the  surface 


of  the  earth  and  E2  is  the  energy  required  to  put  it 
into  a  circular  orbit  at  that  height,  then  the  ratio  £)/ 

E2  is 

(a)  1 


(c)  - 
3 


<d)  5 


6.  If  g  is  the  acceleration  due  to  gravity  on  the  surface 
of  the  earth,  the  gain  in  potential  energy  of  a  satel¬ 
lite  of  mass  m  raised  from  the  earth’s  surface  to  a 
height  equal  to  the  radius  R  of  the  earth  is 

(a)  mgRI 4  (b)  mgR/2 

(c)  mgR  (d)  2  mgR 

7.  The  escape  velocity  of  a  body  projected  vertically 
upwards  from  the  surface  of  the  earth  is  v.  If  the 
body  is  projected  at  an  angle  of  30°  with  the  hori¬ 
zontal,  the  escape  velocity  would  be 

(a)  v/2  (b)  73  vll 

(c)  2  v  (d)  v 

8.  The  escape  velocity  of  a  body  at  a  height  h  above 
the  surface  of  the  earth  is  (g  =  acceleration  due  to 
gravity  on  the  surface  of  the  earth  and  R  =  radius  of 


the  earth)  is 

(a)  72 gR 

(b) 

(c)  2gRl 

\(*+A) 

(d) 

gR 


1 2  (R+h) 

9.  A  small  planet  is  revolving  around  a  very  massive 
star  in  a  circular  orbit  of  radius  r  with  a  period  of 
revolution  T.  If  the  gravitational  force  between  the 
planet  and  the  star  were  proportional  to  r  5  2,  then 
T  would  be  proportional  to 
(a)  r3/2  (b)  r5/3 

(c)  r7/4  (d)  r3 

10.  If  both  the  mass  and  the  radius  of  the  earth  decrease 
by  1%,  the  acceleration  due  to  gravity  on  the  sur¬ 
face  of  the  earth  will 
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(a)  decrease  by  1%  (b)  increase  by  1% 

(c)  increase  by  2%  (d)  remain  unchanged. 

11.  Two  masses  Mx  and  M2  are  separated  by  a  distance 
r.  A  particle  of  mass  m  is  placed  exactly  mid-way 
between  them.  The  minimum  speed  with  which 
the  particle  should  be  projected  so  as  to  escape  to 
infinity  is 

' G(Ml  +  M2 ) 


(a)  v  =  2 

(b)  v  = 

(c)  v  =  2 

(d)  v  = 


1/2 


2G(Mj  +  M2) 


1/2 


G(Ml  +  M2f 


m  r 


1/2 


2  G  (Mj  +  m2  y 


-.1/2 


12.  The  areal  velocity  of  a  planet  of  mass  m  moving 
along  an  elliptical  orbit  around  the  sun  is 
(a)  proportional  to  4m  (b)  proportional  to  m 


(c)  proportional  to  — 
m 


(d)  independent  of  m 


13.  A  planet  of  mass  m  revolves  around  the  sun  in  an 
elliptical  orbit  of  semimajor  axis  a.  If  Mis  the  mass 
of  the  sun,  the  speed  of  the  planet  when  it  is  at  a 
distance  x  from  the  sun  is 


(a) 


gm[-~— 

vx  2  a 


(c)  JGM 


r(  2_I 


vx 


(b) 


(d) 


gm[--- 

v2x  a 


GMa 


2xz 


14.  A  satellite  revolves  around  a  planet  with  a  speed 
v  in  a  circular  orbit  of  radius  r.  If  R  is  the  radius 
of  the  planet,  the  acceleration  due  to  gravity  on  its 
surface  is 


v2  r 

(a)  g  =  — r 

R- 


(b)  g  = 


v2R 


v  v 

(c)  g  =  —  (d)  g  =  — 

F  K 

15.  Three  spheres,  each  of  mass  M  and  radius  R,  are 
kept  such  that  each  touches  the  other  two.  The  mag¬ 
nitude  of  the  gravitational  force  on  any  one  sphere 
due  to  the  other  two  is 

3  GM2 


(a) 

GM 2 

(b) 

2  R2 

43  GM2 

(c) 

2  R2 

(d) 

2  Rz 

41  GM2 


4R 


16.  An  extremely  small  and  dense  neutron  star  of  mass 
M  and  radius  R  is  rotating  at  an  angular  frequency 
ft).  If  an  object  is  placed  at  its  equator,  it  will  remain 
stuck  to  it  due  to  gravity  if 


.  .  ,,  Rco 

(a)  M>  - 

G 


(c)  M  > 


R2  co2 


(b)  M  > 


(d)  M  > 


R2  ar 
G 

R2co 3 


G  G 

17.  What  is  the  minimum  energy  required  to  launch  a 
satellite  of  mass  m  from  the  surface  of  the  earth  of 
radius  R  in  a  circular  orbit  at  an  altitude  of  2 R? 


(a) 

(c) 


5GmM 
6  R 
GmM 


(b) 


(d) 


2  GmM 
3  R 

GmM 


2  R  3  R 

18.  Two  stars,  each  of  mass  m  and  radius  R  are  ap¬ 
proaching  each  other  for  a  head-on  collision.  They 
start  approaching  each  other  when  their  separation 
is  r  »  R.  If  their  speeds  at  this  separation  are  negli¬ 
gible,  the  speed  with  which  they  collide  would  be 


(a)  v  =  Gm 


(1A 

{R  r 


(b)  v  = 


(c)  v  = 


\Gm\  — - —  — 
2R  r 

I  Gm  |  — i-  — 

.  R  r 


(d)  v  = 


=  .  Gm 


v2  R 


1 


19.  Consider  a  particle  of  mass  m  suspended  vertically 
by  a  string  at  the  equator.  Let  R  and  M  denote  the 
radius  and  the  mass  of  the  earth  respectively.  If  ft) 


is  the  angular  velocity  of  earth’s  rotation  about  its 
own  axis,  the  tension  in  the  string  is  equal  to 

mM 

mM 

(a)  G  2r2 

(b)  G  — 

R2 

mM  , 

mM  , 

(c)  G  ,  -  morR 

R2 

(d)  G  2  +  mco  R 

R 

20.  Infinite  number  of  masses,  each  of  mass  m,  are 
placed  along  a  straight  line  at  distances  of  r,  2 r,  4 r, 
8r,  etc.  from  a  reference  point  O.  The  gravitational 
field  intensity  at  point  O  will  be 

5  Gm  4  Gm 

(a)  "TT  (b) 


(c) 


4r 

3  Gm 

"27" 


(d) 


3rz 
2  Gm 
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21. 


In  Q.  20,  the  magnitude  of  the  gravitational  poten¬ 
tial  at  point  O  will  be 


(a) 

Gm 

2  r 

(b) 

Gm 

r 

(c) 

3  Gm 

(d) 

2  Gm 

2  r 

r 

22. 


A  satellite  in  force-free  space  sweeps  stationary 
interplanetary  dust  at  a  rate  dM/dt  =  av,  where  Mis 
the  mass  and  v  is  the  velocity  of  the  satellite  and  a 
is  a  constant.  The  acceleration  of  the  satellite  is 


(a)  - 


lav 

M 


(b)  - 


av 

M 


,  \  av2  /JN  2 

(c)  +  — —  (d)  -  av 

M 

23.  The  time  of  revolution  of  a  satellite  is  T.  Its  kinetic 
energy  is  proportional  to 

1  1 

(a)  -  (b)  ^ 

(c)  ^  (d)  r-2/3 


24.  A  solid  sphere  of  uniform  density  and  radius  4  units 
is  located  with  its  centre  at  origin  O  of  coordinates. 
Two  spheres  of  equal  radii  1  unit,  with  their  centres 
at  A  (-  2,  0,  0)  and  6(2,  0,  0)  respectively  are  taken 
out  of  the  solid  leaving  behind  spherical  cavities  as 
shown  in  Fig.  9.18.  Choose  the  incorrect  statement 
from  the  following. 


Y 


(a)  the  gravitational  force  due  to  this  object  at 
the  origin  is  zero. 

(b)  the  gravitational  force  at  point  B  (2,  0,  0)  is  zero. 

(c)  the  gravitational  potential  is  the  same  at  all 
points  of  the  circle  y2  +  z2  =  36. 

(d)  the  gravitational  potential  is  the  same  at  all 
points  of  the  circle  y2  +  z2  =  4. 

<  IIT,  1993 

25.  Two  bodies  of  masses  ml  and  m2  are  initially  at  rest 
at  infinite  distance  apart.  They  are  then  allowed  to 
move  toward  each  other  under  mutual  gravitational 


attraction.  Their  relative  velocity  of  approach  at  a 
separation  distance  r  between  them  is 

(a) 


2  G  («7[  +  m2 ) 


(d) 


26.  If  the  distance  between  the  earth  and  the  sun  were 
half  its  present  value,  the  number  of  days  in  a  year 
would  have  been 

(a)  64.5  (b)  129 

(c)  182.5  (d)  730 

<  IIT,  1996 

27.  An  artificial  satellite  moving  in  a  circular  orbit 
around  the  earth  has  a  total  (kinetic  +  potential) 
energy  E0.  Its  potential  energy  is 

(a)  —  E0  (b)  1.5  E0 

(c)  2  E0  (d)  E0 

<  IIT,  1997 

28.  A  satellite  S  is  moving  in  an  elliptical  orbit  around 
the  earth.  The  mass  of  the  satellite  is  very  small 
compared  to  the  mass  of  the  earth.  Which  of  the 
following  statements  is  correct? 

(a)  The  acceleration  of  S  is  always  directed 
towards  the  centre  of  the  earth. 

(b)  The  angular  momentum  of  S  about  the  cen¬ 
tre  of  the  earth  changes  in  direction,  but  its 
magnitude  remains  constant. 

(c)  The  total  mechanical  energy  of  S  remains 
constant. 

(d)  The  linear  momentum  of  S  remains  constant 
in  magnitude. 

<  IIT,  1998 

29.  The  distance  between  the  sun  and  the  earth  is  r  and 
the  earth  takes  time  T  to  make  one  complete  revolu¬ 
tion  around  the  sun.  Assuming  the  orbit  of  the  earth 
around  the  sun  to  be  circular,  the  mass  of  the  sun 
will  be  proportional  to 


r  r 

00  Y- (a) (b) (c)  (d)  ¥ 

30.  A  meteor  of  mass  M  breaks  up  into  two  parts.  The 
mass  of  one  part  is  m.  For  a  given  separation  r  the 
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mutual  gravitational  force  between  the  two  parts 
will  be  the  maximum  if 


(a)  m 
(c)  m 


M 

~2 

M 

42 


(b)  m 
(d)  m 


M 

T 

M 

2V2 


31. 


32. 


A  body  of  mass  m  is  raised  to  a  height  h  above  the 
surface  of  the  earth  of  mass  M  and  radius  R  until 
its  gravitational  potential  energy  increases  by 


—  mgR.  The  value  of  h  is 


(a) 

R 

R 

b  - 

3 

2 

(c) 

mR 

«o  4 

M 

(M  +  m) 

Two 

balls  A  and  B 

are  thrown  vertically  upwards 

from  the  same  location  on  the  surface  of  the  earth 
with  velocities  2.1—  and  *1-^—  respectively, 


where  R  is  the  radius  of  the  earth  and  g  is  the 
acceleration  due  to  gravity  on  the  surface  of  the 
earth.  The  ratio  of  the  maximum  height  attained  by 
A  to  that  attained  by  B  is 
(a)  2  (b)  4 

(c)  8  (d)  4v2 

33.  A  uniform  sphere  of  mass  M  and  radius  R  exerts  a 
force  F  on  a  small  mass  m  situated  at  a  distance  of 
2 R  from  the  centre  O  of  the  sphere.  A  spherical  por¬ 
tion  of  diameter  R  is  cut  from  the  sphere  as  shown 
in  Fig.  9.19.  The  force  of  attraction  between  the 
remaining  part  of  the  sphere  and  the  mass  m  will 


be 

(a) 

IF 

(b) 

2  F 

9 

3 

(c) 

4  F 

(d) 

F 

9 

3 

34.  The  centres  of  a  ring  of  mass  m  and  a  sphere  of 
mass  M  of  equal  radius  R,  are  at  a  distance  V8  R 
apart  as  shown  in  Fig.  9.20.  The  force  of  attraction 
between  the  ring  and  the  sphere  is 


35. 


36. 


37. 


38. 


39. 


2V2  GmM  GmM 


(a) 

27  R2 

(b) 

8  R2 

(c) 

G  m  M 

(d) 

42  GmM 

9  R2 

9  9  R2 

m 

M 

(  R  \ 

/  R  \ 

L 

A  I 

Va r  ( 

B 

Fig.  9.20 

Two 

objects  of 

masses  m  and  4m  are  at  rest  at 

infinite  separation.  They  move  towards  each  other 

under  mutual  gravitational  attraction.  Then,  at  a 
separation  r,  which  of  the  following  is  true? 

(a)  The  total  energy  of  the  system  is  not  zero. 

(b)  The  force  between  them  is  not  zero. 

(c)  The  centre  of  mass  of  the  system  is  at  rest. 

(d)  All  the  above  are  true. 

<  IIT,  1994 

A  satellite  is  launched  into  a  circular  orbit  of  radius 
R  around  the  earth.  A  second  satellite  is  launched 
into  an  orbit  of  radius  1.01  R.  The  period  of  the 
second  satellite  is  longer  than  that  of  the  first  by 
approximately 

(a)  0.5%  (b)  1.0% 

(c)  1.5%  (d)  3.0% 

<  IIT,  1995 

A  simple  pendulum  has  a  time  period  T\  when  on 
the  earth’s  surface,  and  T2  when  taken  to  a  height 
R  above  the  earth’s  surface,  where  R  is  the  radius 
of  the  earth.  The  value  of  T2/Tl  is 

(a)  1  (b)  42 

(c)  4  (d)  2 

<  IIT,  2001 

An  ideal  spring  with  spring-constant  k  is  hung  from 
the  ceiling  and  a  block  of  mass  Mis  attached  to  its 
lower  end.  The  mass  is  released  with  the  spring 
initially  unstretched.  Then  the  maximum  extension 
in  the  spring  is 

(a)  4  Mg/k  (b)  2  Mg/k 

(c)  Mg/k  (d)  Mg! 2k 

<  IIT, 2002 

A  geo-stationary  satellite  orbits  around  the  earth 
in  a  circular  orbit  of  radius  36000  km.  Then,  the 
time  period  of  a  spy  satellite  orbiting  a  few  hundred 
kilometers  above  the  earth’s  surface  0KEarth  =  6400 
km)  will  approximately  be 
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(a)  (1/2)  h  (b)  1  h 

(c)  2  h  (d)  4  h 

<  IIT,  2002 

40.  A  satellite  of  mass  m  is  moving  in  a  circular  orbit 
of  radius  R  above  the  surface  of  a  planet  of  mass  M 
and  radius  R.  The  amount  of  work  done  to  shift  the 
satellite  to  a  higher  orbit  of  radius  2 R  is  (here  g  is 
the  acceleration  due  to  gravity  on  planet’s  surface) 

mgR 


(a)  mgR 
mMgR 


(c) 


(b) 


(d) 


6 

mMgR 


[M  +  m)  '  6 (M  +  m) 

41.  The  change  in  the  gravitational  potential  energy 
when  a  body  of  mass  m  is  raised  to  a  height  nR 
above  the  surface  of  the  earth  is  (here  R  is  the 
radius  of  the  earth) 


(a) 


1 


mgR 


(c)  nmgR 


(b) 


(d) 


n  —  1 


mgR 


mgR 


42.  A  body  of  mass  m  is  dropped  from  a  height  nR 
above  the  surface  of  the  earth  (here  R  is  the  radius 
of  the  earth).  The  speed  at  which  the  body  hits  the 
surface  of  the  earth  is 


(a) 

2  gR 

(b) 

V(»  + 1) 

(c) 

2  gRn 

(d) 

Un-1) 

2  gR 

(n  - 1) 

2  gRn 

(«  +  0 

43.  Two  solid  spheres  of  radii  r  and  2 r,  made  of  the 
same  material,  are  kept  in  contact.  The  mutual 
gravitational  force  of  attraction  between  them  is 
proportional  to 

1  1 
(a)  -4  (b)  - 

r  r 

(c)  r2  (d)  r4 

44.  A  comet  is  moving  in  a  highly  elliptical  orbit  round 
the  sun.  When  it  is  closest  to  the  sun,  its  distance 
from  the  sun  is  r  and  its  speed  is  v.  When  it  is 
farthest  from  the  sun,  its  distance  from  the  sun  is 
R  and  its  speed  will  be 

1/2 


W  » \j 


<b)  '  [r 


(')  ”  h; 


.3/2  , 

jJ  (d)  B  u. 

45.  The  value  of  the  acceleration  due  to  gravity  at  the 
surface  of  the  earth  of  radius  R  is  g.  It  decreases 
by  10%  at  a  height  h  above  the  surface  of  the  earth. 
The  gravitational  potential  at  this  height  is 


(b)  - 


2  gR 

VTo 


(c)  - 


3  gR 
VlO 


(d)  - 


4  gR 
VU) 


46.  The  radius  of  the  earth  is  R  and  g  is  the  acceleration 
due  to  gravity  on  its  surface.  What  should  be  the 
angular  speed  of  the  earth  so  that  bodies  lying  on 
the  equator  may  appear  weightless? 


47.  If  Wx,  W2  and  W3  represent  the  work  done  in 
moving  a  particle  from  A  to  B  along  three  differ¬ 
ent  paths  1,  2  and  3  (as  shown  in  Fig.  9.21)  in 
the  gravitational  field  of  a  point  mass  m,  find  the 
correct  relation  between  Wh  W2  and  W3. 

(a)  W j  >  W3  >  W2  (b)  W \  =  W2  =  W3 

(c)  WX<W3<  W2  (d)  WX<W2<  W3 

<  IIT,  2003 


48.  A  binary  star  system  consists  of  two  stars  of 
masses  Mx  and  M2  revolving  in  circular  orbits 
of  radii  Rx  and  R2  respectively.  If  their  respective 
time  periods  are  7)  and  T2,  then 

(a)  Tx  >  T2  if  Rx  >  R2 

(b)  Tx  >  T2  if  Mx  >  M2 

(c)  Tx  =  T2 

3/2 

<  IIT,  2006 

49.  A  spherically  symmetric  gravitational  system  of 

[  p0  for  r  <  R 

particles  has  a  mass  density  p=  \  where 

[0  for  r>R 

p0  is  a  constant.  A  test  mass  can  undergo  circular 
motion  under  the  influence  of  the  gravitational  field 
of  particles.  Its  speed  r  as  a  function  of  distance 


9.18  Comprehensive  Physics — JEE  Advanced 


r(0  <r<  oo)  from  the  centre  of  the  system  is  repre¬ 
sented  by  (see  Fig.  9.22) 

<  IIT,  2008 

Vi  Vi 


50.  A  satellite  is  moving  with  a  constant  speed  ‘  V’  in  a 
circular  orbit  about  the  earth.  An  object  of  mass  ‘m’ 
is  ejected  from  the  satellite  such  that  it  just  escapes 
from  the  gravitational  pull  of  the  earth.  At  the  time 
of  its  ejection,  the  kinetic  energy  of  the  object  is 


R  r 
(a) 


(a) 

(c) 


— mV 1 
2 

- mV 2 
2 


(b)  mV1 
(d)  2mV2 


<  IIT,  2011 
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SOLUTIONS 


1.  Gravitational  potential  on  the  surface  of  the  shell 
due  to  the  body  of  mass  m  is 

b  R 


Gravitational  potential  on  the  surface  of  the  shell 
due  to  shell  itself  is 


V, 


GM 

R 


V  =  Vb  +  Vs  = - (M  +  m),  which  is  choice  (a). 

R 

mv2  GmM  \GM 

•  -  =  - 5 —  =>v  =  .  - 

R  R-  V  R 


Angular  momentum  L  =  mvR  =  m  x 


=  m(GMR)m. 

i.e.  L  oc  Rl/ 2.  So  the  correct  choice  is  (a). 


3.  Let  v  be  the  required  speed. 

Gain  in  K.E.  =  loss  in  P.E. 

=  P.E.  at  the  surface  -  P.E.  at 
the  centre  of  the  earth 


1  2 

—  mv 

2 


GmM  f  3  GmM\ 
—R  V  2  R  ) 


=  \fgR  S  ~ 


4.  The  total  energy  of  a  satellite  in  orbital  radius  r  is 


E  =  K.E.  +  P.E.  = 


1  2 

—  mv 
2 


GMm 

r 


GMm  GMm 
2  r  r 

GMm 


2  r 
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In  the  first  case,  r  =  R+R  =  2  R.  Hence 
GMm 
E=  4~R~ 

In  the  second  case,  r  =  R  +  2R=  3 R.  Hence 

GMm 
E'  =  — 


6  R 

Increase  in  energy  A E  =  E'  —  E 

GMm  f  GMm 


6  R 
GMm 
12  R 


4  R  ) 


A  E 

Percentage  increase  =  tttt  x  1 00 

|  A  | 

GMm!\2R  „  „„  „n/ 

=  -  X  100  =  33.3% 

GMm/4R 

5.  Ex  =  P.E.  at  h  =  R  -  P.E.  at  h  =  0 

=  PE.  at  r  =  2R  -  P.E.  at  r  =  R 
GMm  (  GMm  \  GMm 


2  R 


e2  =  - 


GMm  GMm 
+ 


4  R 


R 


R  )  2R 
3  GMm 
4  R 


EL  =1 
E2  3 

6.  P.E.  on  the  surface  of  the  earth  =  - 


GMm 

R 


P.E.  at  a  height  h  (=  R)  =  - 
GMm 


GMm 
2  R 


Gain  in  P.E.  =  - 


2  R 


GMm  j 


R 


GMm  1 

=  -  mgR 


g=- 


GM 


2 R  2  V  °  R2  ) 

7.  The  correct  choice  is  (d)  because  the  escape  veloc¬ 
ity  is  independent  of  the  direction  along  which  the 
body  is  projected. 

8.  Escape  velocity  at  height  h  =  ^2g\R  +  h) ,  where 


g  =g 


R 


R  +  h 


.  Hence  the  correct  choice  is  (c). 


9.  Since  the  gravitational  force  provides  the  necessary 
centripetal  force, 


mv  5/2 

- oc  y 


mV  _ 5/2  . 

-  =  kr  ,  k  =  constant 


..-3/2 


V  = 


^  2  nr 

T  =  -  =  2 nr  x 


v  \lkr~212 


i.e.  T  oc  r7/4,  which  is  choice  (c) 
GM 


10.  g=  2 

6  R2 


A g 
g 


Am 

M 


2AR 

R 


=  -  1%  -  2  x  (-  1%)  =  +  1% 

Hence  g  will  increase  by  1%. 

11.  Distance  of  m  from  Mx  or  M2  =  rl2.  Therefore, 


Total  P.E.  = 


GmM ,  GmM, 


r/2 
2  Gm 


r  12 
(Mx  +  M2) 

r 

If  v  is  the  required  velocity  of  projection,  the  total 
initial  energy  is 

Ej  =  -  mv2  -  2-<A'”  (Mj  +  M2) 

2  r 

At  infinity,  £,  =  0.  Putting  Ei  =  Ef,  we  get 


v  =  2 


G(MX  +  M2) 


1/2 


dA  L 

12.  A  real  velocity  —  =  —  ,  where  L  is  the  magni- 
dt  2m 

tude  of  angular  momentum  of  the  planet  about  the 
sun.  L  =  mvr  sin  0.  Hence, 


mvr  sin@  vr  sin0 


dA 

dt  2m  2 

So  the  correct  choice  is  (d). 

13.  Total  energy  of  the  planet  in  an  elliptical  orbit  of 
semimajor  axis  a  is 

GmM 

E\=~  - 

1  2a 

Total  energy  of  the  planet  when  it  is  at  a  distance 
x  from  the  sun  (here  v  =  speed  of  the  plane  at  that 
instant)  is 

E2  =  K.E.  +  P.E. 

1  2  GmM 

=  —  mv  -  - 

2  x 

From  conservation  of  energy,  Ex  =  E2,  i.e. 

GmM  1  2  GmM 

-  -  =  —  mv  -  - 

2a  2  x 
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which  gives  v  =  JGAf 


r(2_l 


Vx 


,  which  is  choice  (c). 


14. 


mv 


GmM 

~  2 
r 

GM  =  v2  r 
GM 


g 


Rz 


v2r 

R2 


So  the  correct  choice  is  (a). 

15.  Force  between  any  two  spheres  is 


F  = 


GM2 
(2  R)2 


GM - 
4  R2 


This  is  the  force  exerted  on  any  sphere  (say  A)  by 
the  other  two  spheres  B  and  C  (Fig.  9.23).  Thus  the 
resultant  force  on  sphere  A  is 


F„  = 


~  V F 2  +  F2  +  IF2  cos  60° 
r  V3  GM2 

=  v3  F  =  - ~ — ,  which  is  choice  (d). 

4  R~ 

A 


16.  An  object  of  mass  m,  placed  at  the  equator  of  the 
star,  will  experience  two  forces:  (i)  an  attractive 
force  due  to  gravity  towards  the  centre  of  the  star 
and  (ii)  an  outward  centrifugal  force  due  to  the 
rotation  of  the  star.  The  centrifugal  force  arises 
because  the  object  is  in  a  rotating  (non-inertial) 
frame;  this  force  is  equal  to  the  inward  centripetal 
force  but  opposite  in  direction.  Force  on  object  due 
to  gravity  is 

GmM 


Fg  = 


Rz 


Centrifugal  force  on  the  object  is 
F c  =  mRco 2 

The  object  will  remain  stuck  to  the  star  and  not  fly 
off  if 


F  >  F 

g  c 


GmM 


or 


>  mRoT  or  M  > 


rW 


RA  G 

Flence  the  correct  choice  is  (c). 

17.  Consider  a  satellite  of  mass  m  moving  with  a  speed 
v  at  an  altitude  r  (measured  from  the  centre  of  the 
earth).  Then 

1  2 

Kinetic  energy  (KE)  =  —  mv 

_  .  .  .  .  ^  GmM 

Gravitational  potential  energy  (PE)  =  —  - 

r 

where  M  is  the  mass  of  the  earth. 

For  a  satellite  in  circular  orbit,  we  have 

•2  GmM 
=  - ~ —  or 


mv" 


2  GM 
vL  =  - 


or 


i.e. 


1  2  GmM 

—  mv  =  - 

2  2  r 


KE  = 


GmM 
2  r 


Thus  the  KE  of  a  satellite  in  a  circular  orbit  is  nu¬ 
merically  half  its  PE  but  opposite  in  sign.  The  total 
energy  of  the  satellite  in  orbit  is 


E  =  KE  +  PE  = 


GmM  GmM 
2  r  r 

GmM 


2  r 

It  is  given  that  r  =  2R  +  R  =  3 R,  where  R  is  the 
radius  of  the  earth. 

GmM 


E  = 


6  R 


Now  PE  on  the  surface  of  the  earth  = 
.'.  Minimum  energy  required  (Emm) 
GmM  I"  GmM  3 

R  J 


GmM 

R 


6  R 
5  GmM 
6  R 

Hence  the  correct  choice  is  (a). 

18.  The  speeds  of  stars  at  separation  r  are  negligible. 
Therefore,  their  energy  is  entirely  potential  at  this 
separation  (since  KE  =  0) 

E{  =  (PE  at  r)  = 


Gmim2 


Gm 


As  the  stars  approach  each  other  under  gravitational 
attraction,  they  begin  to  acquire  speed  and  hence 
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kinetic  energy  at  the  expense  of  potential  energy. 
When  they  eventually  collide,  the  separation  be¬ 
tween  their  centres  is 

r  =  R  +  R  =  2R 


At 


r  =  2 R,  the  total  energy  is 
E2  =  PE  at  (r  =  2 R)  +  KE  at  (r  =  2 R) 

Gm2  1  2  1  2 

=  -  -  +  —  mv  +  —  mv 

2R  2  2 


or 


E2  = 


Gm  2 

-  +  mv 

2  R 


From  the  principle  of  conservation  of  energy, 
Ex  =  E2,  i.e. 


Gm 2  Gm 2  ,  2 
-  =  -  -  +  mv 

r  2  R 


which  gives 


jGmf 

V  2  R  r 


Elence  the  correct  choice  is  (b). 

19.  The  acceleration  due  to  gravity  at  a  place  on  the 
surface  of  the  earth  is  given  by 

g'  =  g  -  orR  cos  0 

where  0  is  the  latitude  of  the  place.  At  the  equator, 
0  =  0.  Therefore 

g  =  g  -  or  R 

Therefore,  the  tension  in  the  string  will  be 
mg'  =  mg  —  may  R 
GmM 


Rz 


m 


o?R 


Hence  the  correct  choice  is  (c). 

20.  The  gravitational  field  intensity  at  point  O  will  be 


/  =  Gm 
Gm 

:  7^ 

Gm 
~  2~ 


Gm 

2 


1 


-  +  - 


1 


-  +  - 


1 


1 


r2  (2  r)2  (4  r)2  (8r)7 


,  1  1  1 

1  H - y  H - y  +  — y  H - 

22  4"  82 

_L  J_  _L  _L 

2®  22  2^  2^  ~*~ 


+  ... 


1- 


22  J 


Gm 

.2 


V1  4) 


4  Gm 
3  r2 


Hence  the  correct  choice  is  (b). 

21.  The  gravitational  potential,  in  magnitude,  at  point 
O  is 

1111 


V=  Gm 


- 1 - 1 - 1 - h  • 

r  2  r  4  r  8  r 


Gm 

r 

Gm 

r 

Gm 


'  1  1  1 
1 +  -  +  -  +  -  +  ■■  • 
2  4  8 

j_  j_  j_  J_ 

2°  +  21  +  22  +  23 


1 


■-L 


2Gm 


22. 


Hence  the  correct  choice  is  (d). 

From  Newton’s  second  law  of  motion,  force  is  the 
rate  of  change  of  momentum,  i.e. 


d  d  M 

F=  JtWv)=  — 


Retardation  =  —  =  <^— 


v  =  av 
dM 
dt 


dt 

(  dM 

av 

j 

or  acceleration  = 


av 

M 


M  M 

Hence  the  correct  choice  is  (b). 


23.  The  orbital  speed  of  a  satellite  at  a  height  r  from  the 
centre  of  the  earth  is  given  by  v  = 


GM 


where  Mis  the  mass  of  the  earth.  If  m  is  the  mass 
of  the  satellite,  its  kinetic  energy  is 


1 


1  GM 


K  =  —  mv  =  —  m  ■ 
2  2 


Thus,  K  is  proportional  to  - .  Now,  the  time  period 

r  , - 


of  the  satellite  is  given  by  T=2n 


'  gR 


where  R  is  the  radius  of  the  earth.  Thus  T  °c  r32.  But 

K  OC  —  Hence  K  °c  Tm ,  which  is  choice  (d). 
r 

24.  The  distance  of  each  cavity  from  the  centre  O  is  the 
same.  Since  the  two  cavities  are  symmetrical  with 
respect  to  the  centre  O  and  the  mass  of  the  sphere 
can  be  regarded  as  being  concentrated  at  the  centre 
O,  the  gravitational  force  due  to  the  sphere  is  zero 
at  the  centre.  Hence  choice  (a)  is  correct.  For  the 
same  reason,  the  gravitational  potential  is  the  same 
at  all  points  of  the  circle  y2  +  z2  =  36  whose  radius 
is  6  units  and  at  all  points  of  the  circle  y  +  z  =4. 
Hence  choices  (c)  and  (d)  are  also  correct.  But  the 
gravitational  force  at  point  B  cannot  be  zero. 

25.  Initially  when  the  two  masses  are  at  an  infinite  dis¬ 
tance  from  each  other,  their  gravitational  potential 
energy  is  zero.  When  they  are  at  a  distance  r  from 
each  other  the  gravitational  P.E.  is 
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PE  =  - 


G  W|  m2 


The  minus  sign  indicates  that  there  is  a  decrease 
in  P.E.  This  gives  rise  to  an  increase  in  kinetic 
energy.  If  v1  and  v2  are  their  respective  velocities 
when  they  are  a  distance  r  apart,  then,  from  the 
law  of  conservation  of  energy,  we  have 


1  2 

2  mi°i  = 

G  777,  77?2 

r 

or 

^1  = 

1 2  G  m2 

V  r 

and 

1  2 

2  m2V2  = 

Gmx  m2 

r 

or 

V2  = 

1 2  G  777, 

V  r 

Therefore,  their  relative  velocity  of  approach  is 

vx+v2  = 


2  G  m-, 


+ 


2  G;n, 


2G 

- (ot2  +  OT,  ) 

r 


Hence  the  correct  choice  is  (a). 

26.  According  to  Kepler’s  law  of  periods, 


no 

3/2 

f  Ri  ) 

yP2  2 

W2J 

3/2 


=  (2)3/2  =  2V2 

T, -  =  ,  ,29  days. 


2  2V2  2V2 

27.  For  a  satellite,  we  have 


Kinetic  energy  = 
Potential  energy  = 


GrnM 
2  r 

GmM 


Total  energy 


E0  =  KE  +  PE 

GmM  GmM  GmM  PE 

2  r  r  2  r  2 


or  PE  =  2E0.  Hence  the  correct  choice  is  (c). 

28.  For  elliptical  orbit,  the  earth  is  at  one  focus  of  the 
ellipse.  For  spherical  bodies,  the  gravitational  force 
is  central  (or  radial).  Hence  statement  (a)  is  correct. 
The  gravitational  force  exerts  no  torque  on  the  sat¬ 
ellite.  Hence  the  angular  momentum  of  S  remains 
constant  in  magnitude  as  well  as  direction.  Hence 
choice  (b)  is  incorrect.  For  elliptical  orbit,  the  dis¬ 
tance  of  the  satellite  from  the  earth  varies  periodi¬ 
cally.  Hence  potential  energy,  kinetic  energy  and 


linear  momentum  vary  periodically.  Hence  choices 
(c)  and  (d)  are  also  incorrect. 

29.  Let  ot  and  Mbe  the  masses  of  the  earth  and  the  sun 
respectively  and  v  the  speed  of  the  earth  in  circular 
orbit.  To  keep  the  earth  in  circular  orbit,  the  gravi¬ 
tational  force  Gtn^-  must  balance  the  centripetal 


force 


mv 
r 

GmM 


i.e. 


or 

Also  v  = 

3 

r 

M  °c— r  . 


M  = 
2nr 


mV 


v2  r 


Using  this,  we  get  M  = 


4k2  r3 
T2G 


or 


Hence  the  correct  choice  is  (c). 

30.  Mass  of  the  second  part  =  M  —  ot.  Gravitational 
force  between  the  two  parts  is 

G(M  —  m)m  G  2. 

F  =  — -  =  —  {Mm  -  m) 


dF 


d2F 


2  is  nega- 


F  will  be  maximum  if -  =  0  and 

tive.  dm  dm 

dF  G  dF 

Now,  -  =  —  (M  -  2m).  Setting  — —  =  0,  we 


d  7 


d  m 


M 


get  M  —  2m  =  0  or  m  =  — .  Now 
2 

d2p  2  G  .... 

2  = - y  ,  which  is  negative. 


d  m  r- 

Hence  the  correct  choice  is  (a). 
31.  PE  on  the  surface  of  earth  = 


G  M  m 
R 


PE  at  a  height  /?  above  the  surface  of  earth  = 
G  M  m 


( R  +  h )  GMm 

Increase  in  PE  =  — 


=  GMm  I - 


R  R  +  h 


(R  +  h) 

=  GMm 


g  R  m  h 
(R  +  h) 


G  M  m 
R 
h 

R(R  +  h)_ 
GM\ 


•••  g  = ' 


R2  ) 


/.  PE  will  increase  by  —  mgR  at  a  value  of  h  given 
3 


by 


g  R  ot  h  1 

A+*) =  3  mgR 
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or  — - —  =  —  or  h  =  — ,  which  is  choice  (b). 

R  +  h  3  2 

32.  If  h  is  the  maximum  height  attained,  then  we  have 

1  2  GMm  GMm 

—  mv  -  -  ~  - 


2  R 

which  gives 


(R  +  h) 


2  IghR 
v  = 


' g  = 


GM\ 


For  ball  A,  we  have 

For  ball  B,  we  have 
h A 

—  =  8,  which  is  choice  (c). 

hB 


(R  +  h)  V  “  R 

4  gR  =  2ghAR 
—  (R  +  hA) 


h,  =  4R 


2  gR  =  2ghBR 
3  ( R  +  hB ) 


hB=  - 


R 

2 


33.  The  force  of  attraction  between  the  complete  sphere 
and  mass  m  is 

GmM  GmM 

(0 


F  = 


(2  RY 


4R 


4 n 


Mass  of  complete  sphere  is  M  =  — Rp.  Mass 

3 

4k  ( R  Y' 

of  the  cut  out  portion  is  m0  =  —  I  —  I  p  ■  Thus, 

=  — .  The  distance  between  the  centre  of  the 
8 

R  3  r 

cut  out  portion  and  mass  m  =  2 R - =  — . 

2  2 

Hence  the  force  of  attraction  between  the  cut  out 
portion  and  mass  m  is 

Gm0m  _  G(M/S)m  _  GmM  ^  2 


(3R/2Y 


9R2/4 
2  F 


4  Rz 


Using  (i),  we  get /=  —  .  Therefore,  the  force  of 
9 

attraction  between  the  remaining  part  of  the  sphere 

2  F  IF 

and  mass  m  F  -  /  =  /•’ - =  —  which  is 

On 

choice  (a). 

34.  Refer  to  Fig.  9.24.  Let  p  be  the  mass  per  unit 
length  of  the  ring.  L  =  2nR  is  the  length  of  the  ring. 
Consider  a  small  element  of  length  dx  of  the  ring 
located  at  C.  Then 

GM  pdx 

Force  along  BC  is /= 


.  Therefore,  force 


i  d  a  '  x  a  GMpdx  V8 R 

along  BA  is  dr  =  f  cos  0  =  - r —  - 

9R2  3  R 

V8  GM  pdx 
27  R2 

T  ,  .  V8  GM  r  V8  GMm 

Total  torce  =  — —  — —I  pdx 


27  R1 


27  R1 


because  |  u  dx  =  u  x  L  =  m,  the  mass  of  the  ring. 
Hence  the  correct  choice  is  (a). 


35.  At  a  finite  separation,  the  total  kinetic  energy  of 
the  system  of  two  masses  and  the  force  between 
them  are  both  finite.  Since  the  two  masses  are  at 
rest  initially  and  there  is  no  external  force,  the  cen¬ 
tre  of  mass  cannot  move.  Hence  the  correct  choice 
is  (d). 

36.  According  to  Kepler’s  law  of  period,  T2  =  kR 3  where 
k  is  a  constant.  Taking  logarithm  of  both  sides,  we 
have 

2  log  T  =  log  k  +  3  log  R 
Differentiating,  we  get 


2^=0+3M 

T  R 

8T  3  5R  3 

or  -  =  —  -  =  —  x 

T  2  R  2 


I.GIR-R 

R 


x  100 


=  1.5% 

Hence  the  correct  choice  is  (c). 

37.  The  acceleration  due  to  gravity  at  a  height  h  above 
the  surface  of  the  earth  is  given  by 

R 


Sl  8l  \R  +  h , 
where  g,  is  the  value  at  the  surface  of  the  earth. 
Now 

nr  it 

To  =  2k  J —  and  T,  =  2k  J — 
h?2  V  gl 


R+h  R+R 


=  2  (• :h  =  R ) 


V  gi  R  R 

Hence  the  correct  choice  is  (d). 

38.  Letx  be  the  extension  in  the  spring  when  it  is  loaded 
with  mass  M.  The  change  in  gravitational  potential 
energy  =  Mgx.  This  must  be  the  energy  stored  in  the 

1  2 

spring  which  is  given  by  —  foe".  Thus 

2 

1  2  2  Mg 

—  foe"  =  Mgx  orx  =  - ,  which  is  choice  (b). 

2  k 


9.24  Comprehensive  Physics — JEE  Advanced 


39.  For  a  satellite  of  mass  m  moving  with  a  velocity  v  in 
a  circular  orbit  of  radius  r  around  the  earth  of  mass 
M,  we  have 

mv 2  G  m  M  IGM 

-  =  - —  or  v  =  J - 

r  r  v  r 


2 nr  2k r 

Now  v=  - .Thus  - 

T  T 


Given  r2  =  6400  km  and  rx  =  36000  km.  For  a 
geostationary  satellite  Tl  =  24  h.  Using  these  values 

. r64V/2 


in  (1),  we  have  get  T2  =  24  x  -  =  1.8  h. 

Flence  the  closest  choice  is  (c).  s360y 
40.  PE  at  a  distance  r  from  the  centre  of  the  planet 
G  M  m 


Initial  PE  = 


Final  PE  =  - -  =  - 

R  +  2R 

Now,  work  done  =  increase  in  PE 


G  M  m  f  I  1 

R  U~3 


G  M  m  1  n 
- =  —  mgR 

6  R  6 


GM 

8=le 


Hence  the  correct  choice  is  (b). 

G Mm  GMm  (  n  \ 

41.  Change  in  PE  = - - - — —  =  -  m  gR 

5  R  (n  +  \)R  U  +  U 

Hence  the  correct  choice  is  (a). 

42.  From  the  principle  of  conservation  of  energy,  we 
have 

1  2  GMm  GMm 

—  mv  - -  =  -  - 

2  R  ( R  +  nR ) 


.  2  2 nR  GM  2nRg 

which  gives  v  =  - - —  — r  =  - - — 

(n  + 1)  r-  (n  + 1) 

lVg  =  ^J 

Hence  the  correct  choice  is  (d). 

43.  If  p  is  the  density  of  the  material  of  each 
sphere,  then  the  mass  of  the  sphere  of  radius  r  is 
4  Ti  -i 

Mj  =  — r  p  and  the  mass  of  the  sphere  of  radius 
2 r  is  M2=  y  (2r)3  P- 


Distance  between  their  centres  is  d=  r  +  2 r  =  3 r. 

( 4^:4  3  4 n  3 

„  s ,  , ,  Gx  —  r  px — (2 r)  p 
GM,M2  _  l  3  J  3 


Now  F  =  - ^ - 

d 2  9  r2 

which  gives  F  <*=  r4,  which  is  choice  (d). 

44.  The  angular  momentum  of  the  comet  is  con¬ 
stant  over  the  entire  orbit.  Hence  vr  =  VR  or 
( r\  . 


V=v\—  ,  which  is  choice  (b). 

\R) 


45‘  8h  (R  +  h)2 

Ar  GM  gh  R2 

Also  s  =  — r- .  Thus  —  =  - v . 

R1  g  ( R  +  h f 

Give”a=  Tm 


GMm 

G  M  m 

R  +  R 

2  R 

G  M  m 

G  M  m 

R  +  2R 

3  R 

(R  +  hf 
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—  or  (R  +  h)  =  - 

10  3 


(R  +  h)  R2(R  +  h) 


GM  GMR2  gR2 

Potential  =  -  — — —  =  -  —3 - =  -  — — — 

(R  +  h)  R2(R  +  h)  (R  +  h) 

=  3 gR 

Hence  the  correct  choice  is  (c). 

46.  At  the  equator,  the  value  of  g  is 

g'  =  g-Ror 

where  co  is  the  angular  speed  of  the  earth.  F  or  bodies 
to  appear  weightless  at  the  equator,  g  =  0,  i.e. 
g-Ror  =  0 

which  gives  co=  —  .  Hence  the  correct  choice  is  (a). 
V  R 

47.  Gravitational  force  is  conservative.  The  work  done 
by  a  conservative  force  on  a  particle  moving  be¬ 
tween  two  points  does  not  depend  on  the  path  taken 
by  the  particle.  Hence  the  correct  choice  is  (b). 

48.  In  a  binary  star  system,  the  two  stars  move  under 
their  mutual  gravitational  force.  Therefore,  their 
angular  velocities  and  hence  their  time  periods 
are  equal.  Thus  the  correct  choice  is  (c). 

49.  If  Mis  the  total  mass  of  the  system  of  particles,  the 
orbital  speed  of  the  test  mass  is 

I GM 


For  r  <  R,  v  = 


„  4  n  3 
Gx-rp0 

-  which  gives  v  oc 

v 


Gravitation  9.25 


i.e.  v  increases  linearly  with  r  up  to  r  =  R.  Hence 
choices  (b)  and  (d)  are  wrong. 

For  r  >  R,  the  whole  mass  of  the  system  is 


M  = 


An 

T 


R  p0,  which  is  constant.  Hence  for 


r>R, 


50. 


l.C,  V  00  — ~j=  Hence  the  correct  choice  is  (c) 
vr 


Let  M  be  the  mass  of  the  earth  and  r  be  the 
orbital  radius  of  the  satellite.  The  energy  needed 
so  that  the  object  of  mass  m  escapes  from  x  =  r 
to  x  =  °°  is 

„  _ , „  r  dx  GMm 

E=  GMm  —  = - 

,.  x2  r 

The  orbital  speed  V  is  given  by 

mV 2  GMm 

-  =  — ,  =>  mV 

r  r 

Using  (ii)  in  (i),  E  =  mV2. 


(i) 


GMm 


(ii) 


# 

Multiple  Choice  Questions  with  one  or  More  Choices  Correct 


1.  A  satellite  is  moving  around  the  earth  in  a  stable 
circular  orbit.  Choose  the  correct  statements  from 
the  following. 

(a)  It  is  moving  at  a  constant  speed. 

(b)  Its  angular  momentum  remains  constant. 

(c)  It  is  acted  upon  by  a  force  directed  away 
from  the  centre  of  the  earth  which  counter 
balances  the  attraction  by  the  earth. 

(d)  It  behaves  as  if  it  were  as  freely  falling  body. 

2.  The  escape  velocity  from  a  planet  depends  upon 

(a)  the  mass  of  the  body 

(b)  the  mass  of  the  planet 

(c)  the  average  radius  of  the  planet 

(d)  the  average  density  of  the  planet 

3.  The  orbital  velocity  of  a  body  in  a  stable  orbit 
around  a  planet  depends  upon 

(a)  the  average  radius  of  the  planet 

(b)  the  height  of  the  body  above  the  planet 

(c)  the  acceleration  due  to  gravity 

(d)  the  mass  of  the  orbiting  body 

4.  Choose  the  correct  statements  from  the  following: 

(a)  The  equivalence  of  inertial  and  gravitational 
mass  has  provided  a  clue  to  the  deeper  under¬ 
standing  of  gravitation  . 

(b)  At  poles,  the  effect  of  rotation  of  earth  on 
the  value  of  g  is  the  minimum. 

(c)  Very  massive  rockets  and  extremely  tiny  par¬ 
ticles,  such  as  the  molecules  of  a  gas,  require  the 
same  initial  velocity  to  escape  from  the  earth. 

(d)  A  geostationary  satellite,  if  imparted  the  nec¬ 
essary  velocity,  can  be  put  in  orbit  at  any 
height  above  the  earth. 


5.  Choose  the  correct  statements  from  the  following: 

(a)  The  magnitude  of  the  gravitational  force 
between  two  bodies  of  mass  1  kg  each  and 
separated  by  a  distance  of  1  m  is  9.8  N. 

(b)  Higher  the  value  of  the  escape  velocity  for  a 
planet,  the  higher  is  the  abundance  of  lighter 
gases  in  its  atmosphere. 

(c)  The  gravitational  force  of  attraction  between 
two  bodies  of  ordinary  mass  is  not  noticeable 
because  the  value  of  the  gravitation  constant 
is  extremely  small. 

(d)  Force  of  friction  arises  due  to  gravitational 
attraction. 

6.  Choose  the  wrong  statements  from  the  following. 

(a)  It  is  possible  to  shield  a  body  from  the  gravi¬ 
tational  field  of  another  body  by  using  a  thick 
shielding  material  between  them. 

(b)  The  escape  velocity  of  a  body  is  independent 
of  the  mass  of  the  body  and  the  angle  of 
projection. 

(c)  The  acceleration  due  to  gravity  increases  due 
to  the  rotation  of  the  earth. 

(d)  The  gravitational  force  exerted  by  the  earth 
on  a  body  is  greater  than  that  exerted  by  the 
body  on  the  earth. 

7.  A  comet  is  revolving  around  the  sun  in  a  highly 

elliptical  orbit.  Which  of  the  following  will  remain 

constant  throughout  its  orbit? 

(a)  Kinetic  energy 

(b)  Potential  energy 

(c)  Total  energy 

(d)  Angular  momentum 
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8.  A  satellite  is  orbiting  the  earth.  If  its  distance  from 
the  earth  is  increased,  its 

(a)  angular  velocity  would  increase 
(d)  linear  velocity  would  increase 

(c)  angular  velocity  would  decrease 

(d)  time  period  would  increase. 

9.  For  two  satellites  at  distance  R  and  1R  above  the 
earth’s  surface,  the  ratio  of  their 

(a)  total  energies  is  4  and  potential  and  kinetic 
energies  is  2 

(b)  potential  energies  is  4 

(c)  kinetic  energies  is  4 

(d)  total  energies  is  4. 

10.  A  satellite  is  orbiting  the  earth  in  a  circular  orbit  of 
radius  r.  Its 

(a)  kinetic  energy  varies  as  Mr 

(b)  angular  momentum  varies  as  M  Jr 

(c)  linear  momentum  varies  as  1/ Jr 

(d)  frequency  of  revolution  varies  as  Mr  . 

11.  If  both  the  mass  and  radius  of  the  earth  decrease  by 
1%,  the  value  of 

(a)  acceleration  due  to  gravity  would  decrease 
by  nearly  1% 

(b)  acceleration  due  to  gravity  would  increase  by  1% 

(c)  escape  velocity  from  the  earth’s  surface  would 
decrease  by  1% 

(d)  the  gravitational  potential  energy  of  a  body 
on  earth’s  surface  remains  unchanged. 

12.  An  object  is  taken  from  a  point  P  to  another  point 
Q  in  a  gravitational  field, 

(a)  assuming  the  earth  to  be  spherical,  if  both/’  and  Q 
lie  on  earth’s  surface  the  work  done  is  zero. 

(b)  If  P  is  on  earth’s  surface  and  Q  above  it,  the 
work  done  is  minimum  when  it  is  taken  along 
the  straight  line  PQ. 

(c)  The  work  done  depends  only  on  the  positions 
of  P  and  Q  and  is  independent  of  the  path 
along  which  the  particle  is  taken. 

(d)  there  is  no  net  work  done  if  the  object  is 
taken  from  P  to  Q  and  then  brought  back  to 
P,  along  any  path. 

13.  A  satellite  is  moving  in  a  circular  orbit  around  the 
earth  with  a  speed  equal  to  half  the  escape  velocity 
from  the  earth.  The  radius  of  the  earth  is  R  and  h  is 
the  height  of  the  satellite  above  the  surface  of  the 
earth.  If  the  satellite  is  suddenly  stopped  in  its  orbit 
and  allowed  to  fall  freely,  it  will  hit  the  surface  of 
the  earth  with  a  speed  v.  Then 

(a)  h=—  (b)  h  =  R 

2 

(c)  v  =  j2gR  (d)  v  =  y/gR 


14.  Two  stars  of  masses  m  and  2  m  are  co-rotating  about 
their  centre  of  mass.  Their  centres  are  at  a  distance 
r  apart.  If  r  is  much  larger  than  the  size  of  the  stars, 
then  their 

(a)  common  period  of  revolution  is  proportional  to 
rm. 

(b)  orbital  velocities  are  in  the  ratio  2:1. 

(c)  kinetic  energies  are  in  the  ratio  1:2. 

(d)  angular  momenta  are  in  the  ratio  1:4. 

15.  A  space-ship  is  orbiting  close  to  the  surface  of  the 
earth  at  a  speed  v.  The  radius  of  the  earth  is  R  and 
g  is  the  acceleration  due  to  gravity  close  to  the 
surface  of  the  earth.  An  additional  speed  of  v()  is  to 
be  imparted  to  the  space-ship  so  that  it  overcomes 
the  gravitational  pull  of  the  earth.  Then 

(a)  v  =  \j~Rg  (b)  v  =  J^Rg 

(c)  y0  =  2+l)  (d)  =  yfRgiJl- 1) 

16.  A  satellite  of  mass  m  is  moving  in  a  circular  orbit 
of  radius  r  around  a  planet  of  mass  M. 

(a)  The  magnitude  of  angular  momentum  with 
respect  to  the  centre  of  the  orbit  is  m  jGMr , 
where  G  is  the  gravitation  constant. 

(b)  The  magnitude  of  the  angular  momentum  is 

mR  J2gr  where  g  is  the  acceleration  due  to 
gravity  on  the  surface  of  the  planet. 

(c)  The  direction  of  angular  momentum  is  paral¬ 
lel  to  the  plane  of  the  orbit. 

(d)  The  direction  of  angular  momentum  is  per¬ 
pendicular  to  the  plane  of  the  orbit. 

<  IIT,  1997 

17.  Two  bodies  of  masses  m  l  =  m  and  m2  =  4  m  are 
placed  at  a  distance  r  apart.  The  gravitational  field 
is  zero  at  a  point  P  at  a  distance  x  from  mass  mx. 
The  gravitational  potential  at  point  P  is  V.  Then 
( U  is  the  gravitational  P.E.  of  the  system) 


(a)  x  =  - 
3 

(b)  x  = 

(C)  u=-  ™ 

(d)  U 

r  r 

18.  A  small  planet  is  revolving  with  speed  v  around 
a  very  massive  star  in  a  circular  orbit  of  radius 
r  with  a  period  of  revolution  T.  If  the  gravita¬ 
tional  force  between  the  planet  and  the  star  were 
inversely  proportional  to  r,  then 

(a)  v  is  independent  of  r. 

(b)  v  decreases  if  r  is  increased. 

(c)  T  increases  if  r  is  increased. 

(d)  T  is  independent  of  r. 

19.  The  total  energy  of  a  satellite  of  mass  m  moving 
with  speed  v  around  the  earth  of  mass  M  in  a 
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circular  orbit  of  radius  r  is  directly  proportional  to 

(a)  m  (b)  M 

(c)  v  (d)  r 

20.  Assuming  the  earth  to  be  a  sphere  of  radius  R 
and  uniform  density,  if  the  acceleration  due  to 
gravity  at  a  point  at  a  distance  r  from  the  centre 
of  the  earth  is  g,  then 

(a)  g  oc  r  for  r  <  R  (b)  g  OC  —  for  r  <  R 

r 

,  1 

(c)  g  °c  k  for  r  >  R  (d)  g  —  for  r  >  R 

r 

21.  A  satellite  is  revolving  around  a  planet  in  a 
circular  orbit.  During  its  motion,  the  satellite 
begins  to  experience  a  resistive  force  (possibly 
due  to  cosmic  dust).  As  a  result 

(a)  its  kinetic  energy  will  decrease 

(b)  its  angular  speed  will  decrease 

(c)  its  time  period  of  revolution  will  increase 

(d)  its  angular  momentum  will  decrease. 

22.  If  a  satellite  revolving  around  the  earth  is  moved 
from  one  stable  orbit  to  another  stable  orbit  of  a 
higher  orbital  radius,  then  its 

(a)  time  period  will  increase 

(b)  centripetal  force  will  decrease. 

(c)  gravitational  potential  energy  will  increase 

(d)  angular  momentum  will  remain  unchanged 

23.  A  comet  is  moving  around  the  sun  in  a  highly 
elliptical  orbit.  Its 

(a)  kinetic  energy  and  gravitational  potential 
energy  both  change  over  the  orbit 

(b)  total  energy  remains  constant  throughout  the 
orbit 

(c)  linear  momentum  changes  in  magnitude  as 
well  as  direction  over  the  orbit 

(d)  angular  momentum  remains  constant  over  the 
orbit. 

<  IIT,  1998 

24.  A  body  of  mass  m  is  released  from  rest  from 
above  at  a  distance  r  from  the  centre  of  the  earth 
of  mass  M  and  radius  R.  If  the  air  resistance  is 
neglected,  it  will  strike  the  surface  of  the  earth 
with  a  velocity  v.  If  g  is  the  acceleration  due  to 
gravity  on  earth's  surface, 


(a)  v  =  ^2Rg  if  r  »  R 

(b)  v  =  yjRg  if  r  =  2 R 

(c)  v  =  .  if  r  =  4 R 

V  2 

(d)  v  =  ^ 7%  if  r  = 


25.  A  satellite  of  mass  m  is  launched  from  the  surface 
of  the  earth  in  a  circular  orbit  at  a  height  h  =  R 
above  the  surface  of  the  earth;  R  being  the  radius 
of  the  earth.  If  g  is  the  acceleration  due  to  gravity 
on  the  surface  of  the  earth  and  the  air  resistance 
is  neglected, 

(a)  the  increase  in  gravitational  potential  energy 
is  mgR 

(b)  the  velocity  with  which  it  was  projected  from 
the  earth  is  ^[gR 

(c)  the  total  energy  spent  in  launching  the  satel- 

3 

lite  in  the  circular  orbit  is  —  mgR 

(d)  the  acceleration  due  to  gravity  at  the  site  of 
the  satellite  is  g/4. 

26.  Two  satellites  of  the  same  mass  are  put  in  the 
same  orbit  round  the  earth  but  they  revolve  in 
opposite  directions.  They  undergo  an  inelastic 
collision  and  stick  together. 

(a)  The  ratio  of  the  potential  energy  of  the  system 
before  and  just  after  the  collision  is  2  :  1 

(b)  The  ratio  of  the  total  energy  of  the  system 
before  and  just  after  the  collision  is  1  :  2 

(c)  After  the  collision,  the  combined  mass  will 
continue  moving  in  the  same  orbit 

(d)  After  the  collision,  the  combined  mass  will 
fall  freely  under  the  gravity  of  the  earth. 

27.  A  solid  sphere  of  uniform  density  and  radius  4  units 
is  located  with  its  centre  at  origin  O  of  coordinates. 
Two  spheres  of  equal  radii  1  unit,  with  their  centres 
at  A  (-  2,  0,  0)  and  B( 2,  0,  0)  respectively  are  taken 
out  of  the  solid  leaving  behind  spherical  cavities  as 
shown  in  Fig.  9.25. 


Y 


(a)  the  gravitational  force  due  to  this  object  at  the 
origin  is  zero. 

(b)  the  gravitational  force  at  point  B  (2,0,0)  is  zero. 

(c)  the  gravitational  potential  is  the  same  at  all 
points  of  the  circle  y2  +  z2  =  36. 

(d)  the  gravitational  potential  is  the  same  at  all 
points  of  the  circle  y2  +  z2  =  4. 


IIT,  1993 
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28.  The  magnitudes  of  the  gravitational  field  at  dis¬ 
tances  rx  and  r2  from  the  centre  of  a  uniform  sphere 
of  radius  R  and  mass  M  are  Fx  and  F2  respectively. 
Then 

F  v 

(a)  —  =  —  if  r j  <  R  and  r2  <  R 

F2  r2 

F  r2 

(b)  —  =  if  rx  >  R  and  r2  >  R 
F2  r{ 


F 

(c)  —  =  Ar  if  rx  <  R  and  r2<  R 
F2  r2 

(d)  —  =  —  if  rx  >  R  and  r-,  >  R 
F2  fi 

<  IIT,  1994 


ANSWERS  AND  SOLUTIONS 

1.  The  correct  choices  are  (a),  (b)  and  (d). 

2.  The  correct  choices  are  (b),  (c)  and  (d). 

3.  The  correct  choices  are  (a),  (b)  and  (c). 

4.  The  only  incorrect  statement  is  (d).  A  geostation¬ 

ary  satellite  can  be  put  in  orbit  only  at  a  height 
of  35,870  km  above  the  earth. 

5.  Statement  (a)  is  incorrect;  the  magnitude  of  the 
force  is  6.67  X  1CT11  N.  Statement  (b)  is  correct. 
If  the  escape  velocity  for  a  planet  is  high,  the 
thermal  speeds  of  lighter  gases  are  less  than  the 
escape  velocity.  Therefore,  lighter  gases  are  not 
able  to  escape.  Statement  (c)  is  also  correct.  State¬ 
ment  (d)  is  incorrect;  force  of  friction  arises  due 
to  electrical  forces.  Hence  correct  choices  are  (b) 
and  (c). 

6.  Statement  (a)  is  incorrect;  there  is  no  method  by 
which  a  body  can  be  shielded  from  the  gravi¬ 
tational  field  of  another  body.  Statement  (b)  is 
correct.  Statement  (c)  is  wrong.  As  the  earth 
rotates  about  its  axis,  a  body  on  the  surface  of 
the  earth  also  rotates  with  it.  Since  the  body  is 
in  a  rotating  (non— inertial)  frame,  it  experiences 
an  outward  centrifugal  force  against  the  inward 
force  of  gravity.  As  a  result,  the  acceleration  due 
to  gravity  decreases  due  to  rotation.  Statement  (d) 
is  incorrect,  the  forces  are  equal  in  magnitude  but 
opposite  in  direction.  Hence  choices  (a),  (c)  and 
(d)  are  wrong. 

7.  The  correct  choices  are  (c)  and  (d).  The  kinetic 

energy  of  the  comet  changes  because  its  speed 
in  the  orbit  keeps  changing.  The  potential  energy 
changes  because  the  distance  of  the  comet  from  the 
sun  keeps  changing  for  an  elliptical  orbit.  . - 

8.  Linear  velocity  or  orbital  velocity  is  v  =  - , 


V  r 

where  r  is  the  distance  of  the  satellite  from  the 
centre  of  the  earth.  Therefore  v  decreases  as  r  is 
increased.  Also  v  =  rco,  where  co  is  the  angular 
velocity.  Therefore 


co  = 


V 

r 


I  FK 

r  V  r 


Thus  co  decreases  with  increase  in  r.  The  time 
period  of  the  satellite  is  given  by 


Thus  T  increases  as  r  is  increased.  Hence  the 
correct  choices  are  (c)  and  (d). 

9.  Distances  of  the  two  satellites  from  the  centre  of 
the  earth  are  rx  =  2 R  and  r2  =  8 R  respectively.  R  = 
earth’s  radius.  Their  potential  energies  are 


and 


Vx  =  - 


GmM 

r\ 


GmM 


V, 


8  R 


Their  ratio  is  —  =  —  =  - —  =  4. 

F2  r\  2  R 

The  kinetic  energy  of  a  satellite  can  be  obtained 
from  relation 


2 

mv 

GmM 

r 

2 

r 

or 

K  = 

1  2 

—  mV 

2 

GmM 

2  r 

Thus 

K,= 

GmM 

and  K2 

2  n 

GmM 

2 


The  ratio  of  their  kinetic  energies  is 

=  H  =  8R  =  4 

Ti  •  t  t  l  ■  Kl  r>  2R 

Their  total  energies  are 

GmM  GmM 

GmM  GmM 


and 


F2=- 


2  r~, 


GmM 

2rx 

GmM 
2  r, 


Their  ratio  is 


=  rJL  =  8^  =  4 
F2  >\  2  R 


Hence  the  correct  choices  are  (b),  (c)  and  (d). 
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10.  Kinetic  energy  —  mv2  =  Gni2/^  Qr  ^ ^  }_  7}1US 
2  2  r  r 

choice  (a)  is  correct.  Angular  momentum  =  mvr  = 

m  x  x  r  =  m  \]GMr  ,  which  is  proportional 

to  Vr  •  Hence  choice  (b)  is  wrong.  Linear  tnoinen- 

I 


turn  mv  =  m  x 


GM 


,  which  is  proportional  to 


—j= .  Hence  choice  (c)  is  correct.  The  frequency 
vr 

of  revolution  is 


1  1  GM  .  1 

v=  —  =  — J—r-  i.e.  v  oc  -r-r- 
T  2n\  r3  r3/2 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 
11.  The  acceleration  due  to  gravity  is 


GM 


The  new  value  of  g  would  be 
G(0.99M) 

g  ~~  (0.997?  )2  ~~  1-01 


GM 
R 2 


-  1.01  g 


Thus  g  would  increase  by  about  1%.  The  new 
escape  velocity  would  be 


v„  = 


2x0.99  MxG 


0.99  R 


2  MG 


R 


=  v„ 


Thus  the  escape  velocity  will  remain  unchanged. 
The  potential  energy  of  a  body  of  mass  m  on 
earth’s  surface  would  be 


GM  (0.99M)  =  GmM 
(0.99  R)  R 

Thus  the  potential  energy  will  also  remain  un¬ 
changed.  Hence  the  correct  choices  are  (b)  and(d). 

12.  Work  done  is  independent  of  the  path  chosen  and 
depends  only  on  the  initial  and  final  positions  of  the 
object.  Also  the  work  done  on  any  closed  path  in  a 
gravitational  field  will  be  zero.  Since  every  point  on 
the  surface  of  the  earth  is  at  the  same  potential,  no 
work  is  done  for  points  on  the  surface  of  the  earth. 
Hence  the  correct  choices  are  (a),  (c)  and  (d). 

13.  If  M  is  the  mass  of  the  earth,  the  escape  velocity 
is 

[2 GM 

For  a  satellite  of  mass  m  and  orbital  radius  r  (=  its 
distance  from  the  centre  of  the  earth),  the  orbital 
speed  v  is  given  by 

mv2  GmM  \GM 

-  =  — orz;=  A - 

r  r  V  r 


But 


1 

V  =  -  ve  = 
2 


1  l2GM 

2  V  R 


or  r  =  2 R.  Height  above  earth  =  2 R-R=  R. 
Potential  energy  of  the  satellite  in  its  orbit  is 


E  i=- 


GmM 


GmM 


(v r  =  2R) ) 

r  2  R 

The  kinetic  energy  is  zero  because  the  satellite 
is  stopped.  Potential  energy  of  the  satellite  on  the 
surface  of  the  earth  is 


E2  =  -- 
Loss  of  PE  =  Ex 


GmM 


GmM  I  GmM  \ 
2  R  l  R~) 


GmM 
2  R 


This  is  converted  into  kinetic  energy.  If  v  is  the 
speed  with  which  the  satellite  hits  the  surface  of  the 
earth,  then  from  the  law  of  conservation  of  energy, 
we  have 


1  2  GmM 

—  mv  =  - 

2  2  R 


or 


r;2  = 


GM 

R 


=  gR 


The  correct  choices  are  (b)  and  (d). 

14.  The  distance  x  of  the  star  of  mass  m  from  the  centre 
of  mass  is  given  by 


m  2  m 
x  (r  -  x ) 


which  gives  x  =  — .  The  orbital  speed  v1  of  the  star 

of  mass  mx  =  m  is  given  by  (here  m2  =  2  m) 

Gn\  m2  _  mxv{  _  m\v\ 

~V2  "  rl  3 


which  gives  vx  = 


Gm 


2  - 


3  r 


2Gm 
3  r 


.'.  Time  period  (7)  of  m  = 


2n x  2 n r 


=  n 


(i) 


3  r 

2  GM 

3/2 


3  GM 


(r) 
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or  T  °c  r3/2. 

The  orbital  speed  v2  of  the  star  of  mass  m2  =  2m  is 
given  by 
Gw,  m2 


m2v2  Gm(2m)  2m  v2 
-  or z — -  -  - 


(r  -  x) 


or 


Pi  = 


1 


2Gm 
3  r 


=  Pi 


2r/3 

[see  Eq.  (i)] 


ry  1  9  1  9 

Now  Kx  =  —  mx  v[  and  K2  =  —  m2  v2  =  —  (2m)  v2 
2  2  2 


K, 


1 

j  =  —  ,  since  v,  =  p,. 
2v2  2 


Angular  momentum  of  mx  is  Lx  =  mxv  xx  = 

Angular  momentum  of  m2  is  L2  =  m2v2(r  —  x) 

2mv2  X  2 r 


mvxr 


1 

L2  4 


(since  vx  =  v2) 


The  correct  choices  are  (a),  (c)  and  (d). 

15.  The  orbital  velocity  of  the  space-ship  of  mass  M 
and  orbital  radius  r  is  given  by 


v  = 


GM 


where  r  =  R  +  h;  R  being  the  radius  of  the  earth  and 
h  the  height  of  the  space-ship  above  the  surface 
of  the  earth.  For  a  space-ship  close  to  the  earth's 
surface  r  =  R.  Therefore 


The  space-ship  will  overcome  the  gravitational  pull 
of  the  earth  if  it  is  given  an  additional  v0  such  that 
v  +  v0  =  ve  where  ve  is  the  escape  velocity  which  is 
given  by 

The  required  addition  velocity  is 

v0  =  ve-v=  j2Rg  -  ^ 

=  jRg  (V2-l) 

The  correct  choices  are  (a)  and  (d). 

16.  At  a  certain  instant  of  time  let  r  be  the  radius  vec¬ 
tor  of  the  satellite  from  the  centre  of  its  circular 
orbit.  If  the  velocity  of  the  satellite  is  v  as  shown  in 
Fig.  9.26,  its  angular  momentum  is  given  by 
L  =  r  x  (mv) 


Satellite 


The  magnitude  of  angular  momentum  is 
L  =  mrv  sin  6 

where  6  is  the  angle  between  vectors  r  and  v.  For  a 
circular  orbit,  0=  90°.  Therefore 

L  =  mrv  ( 1 ) 

The  gravitational  force  of  attraction  on  the  satellite 
is  GMm/r 2  which  provides  the  necessary  centripetal 
force  mv2lr,  i.e. 

2 

GMm  m  v 


or  (mrv)  =  m  G Mr  (2) 

From  Eqs.  ( 1)  and  (2),  we  have 
L  =  m  ylGMr 

This  gives  the  magnitude  of  angular  momentum. 
The  direction  of  angular  momentum  is  perpendicu¬ 
lar  to  the  plane  of  the  orbit. 

The  correct  choices  are  (a)  and  (d). 

1 7.  Consider  a  point  P  at  a  distance  x  from  mass  m x ;  its 
distance  from  mass  m2  is  (r  —  x).  The  net  gravita¬ 
tional  field  at  point  P  will  be  zero  if 


Gmx 

Gm2 

x2 

ll 

1! 

1 

to 

1$ 

II 

X 

(r-x) 

which  gives 


(1) 


(r-x)  = 


rJm 


'1  T  V™2~) 

The  gravitational  potential  at  point  P  is  given  by 


(2) 


Gmx 


U  =  - 


+  - 


Gnu 


(3) 


Using  (1)  and  (2)  in  (3),  we  have 


U=- 
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-  -  —[\fm~i  [4™i  +  4™i)  +  4™2  (4™\  +  v/™2~)] 


- —  \mx  +  »?.,  +  2yjmlm2 


(4) 


Putting  Wj  =  m  and  tn2  =  4m  in  Eqs.  (1)  and  (4)  we 
find  that  the  correct  choices  are  (a)  and  (d). 

18.  F  =  — ,  where  k  is  a  constant. 

r 

— —  =  —  =>  v  =  —  ,  which  is  independent  of  r. 

r  r  V  m 

2  nr  fa 

T=  -  =  2k A—  r=$T  oc  r. 

v  V  k 

Hence  the  correct  choices  are  (a)  and  (c). 

19.  Total  energy  E  =  -  ^ ^  .  Hence  the  correct  choic¬ 
es  are  (a)  and  (b).  ~r 

20.  The  correct  choices  are  (a)  and  (d). 

21.  Due  to  friction,  the  satellite  will  slow  down.  Hence 
its  kinetic  energy  will  decrease.  Now  v  =  Rco. 
Therefore,  a  decrease  in  v  results  in  a  decrease  in 
t 0 .  Since  T=2n/co,  time  period  T  will  increase.  The 
angular  momentum  will  remain  unchanged  because 
the  torque  due  to  a  radial  (central)  force  is  zero. 
Hence  the  correct  choices  are  (a),  (b)  and  (c). 


22.  Orbital  speed  v  = 


GM 


.  If  r  increases,  v  will 


2  y  I  y 

decrease.  Time  period  T= - =  2k A - •  Hence 

v  V  GM 

T  will  increase.  Centripetal  force  =  gravitational 
force  =  — - —  .  Hence  if  r  increases,  centripetal 

force  will  decrease.  Gravitational  P.E.  =  —  - . 

r 

If  r  increase,  P.E.  becomes  less  negative,  i.e.  it 
increases.  Since  no  external  torque  acts,  the  angular 
momentum  is  conserved.  Hence  all  the  four  choices 
are  correct. 

23.  The  speed  of  the  comet  is  greater  when  it  is  closer 
to  the  sun  than  when  it  is  farther  from  it.  Hence 
both  v  and  r  change  for  an  elliptical  orbit.  Thus 
choice  (a)  is  correct.  The  total  energy  is  conserved. 
The  linear  momentum  changes  because  the  velocity 
changes  in  magnitude  as  well  as  direction.  Since 
the  force  is  central,  the  angular  momentum  is 
conserved.  Hence  all  the  four  choices  are  correct. 

24.  Since  the  initial  velocity  of  the  body  is  zero,  its  total 
energy  is 

„  „  Mm 

E:  =  ~G  - 


When  the  body  reaches  the  earth's  surface,  its 
velocity  is  v  and  its  distance  from  the  centre  of  the 
earth  is  the  earth's  radius  R.  Therefore 

,  Mm 


r  1  2 

Ef=  —  mv 

■  2 


G- 


R 


From  energy  conservation,  Ei  =  £),  i.e. 

Mm  _  Mm 

G - - G - 

R  r 


1  2 

—  mv 

2 


which  gives 


v  =  R 


244 


— 1 1  /  2 


Using  this  expression,  we  find  that  the  correct 
choices  are  (a)  and  (b). 

GmM  I  GmM  \ 


25.  (a)  Increase  in  P.E.  = 


(R  +  h ) 
GMm 
~  2  R 

=  —  mgR 
2 


R  I 
(v  h  =  R) 
GM 

'g“ 


(b)  If  v  is  the  velocity  of  projection,  then  from 
energy  conservation,  we  have 

1  2  GMm  GMm 

—  mV - = - 

2  R  ( R  +  h ) 

Using  h  =  R,  this  equation  gives  v  =  4gR  ■ 

(c)  Total  energy  of  the  satellite  orbiting  at  h  =  R  is 

GMm  jGMm\  _  GMm 

4 R  1  2R  I  4 R 

Total  energy  when  the  satellite  is  at  rest  on 
the  surface  of  the  earth  is 
„  GMm 
Ei  =  ~ 


E,  =  K.E.  +  P.E.  = 


R 

Energy  required  is  E  =  £j  -  u2 


GMm 
4  R 


GMm 

R 


E2 

3  GMm 

4 


(d)  Value  of  g  at  h  (=  R)  =  g 


R 


R 

R  +  h 


=  ^  mgR 


g 

4 


Hence  the  correct  choices  are  (b),  (c)  and  (d). 

GMm 

26.  (a)  P.E.  of  a  satellite  in  orbit  =  —  - .  There- 

r 

fore,  P.E.  of  two  satellites  before  collision  is 


(P-E.),-  =  2  x 


GMm\  _  2  GMm 

r  I  r 


After  the  collision,  they  stick  together.  So  the 
combined  mass  is  2m.  Therefore,  P.E.  just 
after  collision  is 
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GM  (2m)  _  2GMm 
r  r 

Hence  the  ratio  of  P.E.  before  and  after  collision  is 
1  :  1. 

(b)  Total  energy  of  a  satellite  in  orbit  is 


(P.E.)y 


K.E.  +  P.E. 


GMm  /  GMm\ 
2  r  \  r  I 


GMm 
2  r 


Therefore,  the  total  energy  of  the  two  satellites  be¬ 
fore  collision  is 

e.  =  2xI-— 

'  \  2  r  I  r 

Let  Fbe  the  velocity  of  the  combined  mass.  Final 
momentum  =  (2 m)V.  Since  the  satellites  have  op¬ 
posite  velocities,  initial  momentum  =  mv  -  mv  =  0. 
Now  final  momentum  =  initial  momentum,  i.e. 
2  mV=  0  or  V=  0.  Hence  the  combined  mass  has  no 
kinetic  energy;  it  has  only  potential  energy.  Thus, 
total  energy  of  the  system  just  after  the  collision  is 

GM (2m)  _  2 GMm 


the  combined  mass  will  not  move  in  an  orbit;  it  will 
fall  freely  under  the  gravity  of  the  earth. 

Hence  the  correct  choices  are  (b)  and  (c). 

27.  The  distance  of  each  cavity  from  the  centre  O  is 
the  same.  Since  the  two  cavities  are  symmetrical 
with  respect  to  the  centre  O  and  the  mass  of  the 
sphere  can  be  regarded  as  being  concentrated  at  the 
centre  O,  the  gravitational  force  due  to  the  sphere  is 
zero  at  the  centre.  Hence  choice  (a)  is  correct.  For  the 
same  reason,  the  gravitational  potential  is  the  same 
at  all  points  of  the  circley2  +  z2  =  36  whose  radius 
is  6  units  and  at  all  points  of  the  circle  y2  +  z2  =  4. 
Hence  choices  (c)  and  (d)  are  also  correct.  But  the 
gravitational  force  at  point  B  cannot  be  zero. 

28.  (i)  For  r>R,  F=  .  Therefore, 

r 


Fi  = 


GM 


and  Ft  = 


Hence  i  =  T 


F, 


'i 


So  choice  (b)  is  correct  and  choice  (d)  is  wrong. 


(ii)  For  r  <  R,  F  = 


GMr 

R2 


.  Therefore, 


el=\_ 

Ef  2 

Since  the  combined  mass  comes  to  rest,  the  centrip¬ 
etal  force  disappears  (v  velocity  V  =  0).  Therefore, 


GMr, 


f2  = 


Hence  ^ 


Ft 


So  choice  (a)  is  correct  and  choice  (c)  is 
wrong. 


# 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

A  satellite  of  mass  m  is  revolving  in  a  circular  orbit  of 
radius  r  around  the  earth  of  mass  M.  The  speed  of  the 
satellite  in  its  orbit  is  one-fourth  the  escape  velocity  from 
the  surface  of  the  earth. 

1.  The  height  of  the  satellite  above  the  surface  of  the 
earth  is  ( R  =  radius  of  earth) 

(a)  2 R  (b)  3 R 

(c)  5 R  (d)  1R 

SOLUTION 


GM  /  GM 

J  r  ~  V(R  +  f i) 

(1) 

2.  The  magnitude  of  angular  momentum  of  the  satel¬ 
lite  is 

(a)  m  slGMR  (b)  ™4GMR 

(c)  -^=JGMR  (d)  2m  V GMR 

2v2 

3.  If  the  total  energy  of  the  satellite  is  E,  its  potential 
energy  is 

(a)  -  E  (b)  E 

(c)  2 E  (d)  -  2 E 


[2 GM 
4 V 


1.  v  = 


R 


(2) 
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Equations  (1)  and  (2)  give  h  =  1R,  which  is  choice  (d). 


2.  L  =  mvR  =  m 


^4gmr 

2V2 


The  correct  choice  is  (c). 
3.  The  correct  choice  is  (c). 


(v  h  =  lR) 


Questions  4  to  8  are  based  on  the  following  passage 
Passage  II 

Considering  the  earth  as  an  isolated  mass,  a  force  is 
experienced  by  a  body  at  any  distance  from  it.  This  force 
is  directed  towards  the  centre  of  the  earth  and  has  a 
magnitude  mg,  where  m  is  the  mass  of  the  body  and  g  is  the 
acceleration  due  to  gravity.  The  value  of  the  acceleration 
due  to  gravity  decreases  with  increase  in  the  height  above 
the  surface  of  the  earth  and  with  increase  in  the  depth 
below  the  surface  of  the  earth.  Even  on  the  surface  of 
the  earth,  the  value  of  g  varies  from  place  to  place  and 
decreases  with  decrease  in  the  latitude  of  the  place. 

4.  Assuming  the  earth  to  be  a  sphere  of  uniform  mass 
density,  which  of  the  graphs  shown  in  Fig.  9.27 
represents  the  variation  g  with  distance  r  from  the 
centre  of  the  earth  (R  =  radius  of  earth) 


SOLUTION 

4.  At  a  height  h  above  the  surface  of  the  earth, 

=  8or2 
8h  ( R  +  h)2 

At  a  depth  d  below  the  surface  of  the  earth 

where  g0  =  acceleration  due  to  gravity  at  the  surface 
of  the  earth.  Hence  the  correct  choices  is  (d). 


5.  A  body  weighs  63  N  on  the  surface  of  the  earth. 
How  much  will  it  weigh  at  a  height  equal  to  half 
the  radius  of  the  earth? 

(a)  63  N  (b)  32.5  N 

(c)  28  N  (d)  none  of  these 

6.  Assuming  the  earth  to  be  a  sphere  of  uniform  mass 
density,  the  weight  of  a  body  when  it  is  taken  to 
the  end  of  a  tunnel  32  km  below  the  surface  will 
(radius  of  earth  =  6400  km) 

(a)  decrease  by  0.5% 

(b)  decrease  by  1% 

(c)  increase  by  0.5% 

(d)  increase  by  1% 

7.  If  gp  is  the  acceleration  due  to  gravity  at  the  poles 
and  ge  that  at  the  equator,  then 

(a)  gp  <  ge  (b)  gp  >  ge 

(c)  gp  =  qe  (d)  ge  =  0 

8.  If  a  tunnel  is  dug  along  a  diameter  of  the  earth  and 
a  body  is  dropped  from  one  end  of  the  tunnel, 

(a)  it  will  fall  and  come  to  rest  at  the  centre  of 
the  earth  where  its  weight  becomes  zero. 

(b)  it  will  emerge  from  the  other  end  of  the  tunnel. 

(c)  it  will  execute  simple  harmonic  motion  about 
the  centre  of  the  earth. 

(d)  it  will  accelerate  till  it  reaches  the  centre  and 
decelerate  after  that  eventually  coming  to  rest 
at  the  other  end  of  the  tunnel. 


5.  W =  W, 


R 


+  h 


d 


=  63  x 


(  R  \ 

R  +  - 

V  2 ) 


=  28  N 


6-  g  =  g0|1--)  =gol1“ 

K 


32 

6400 


199g0 

200 


.'.  Decrease  in  weight  =  mg0  -  mg 


:  mgo 


1  _  199  1  = 

200/  200 


Hence  the  correct  choice  is  (a). 
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7.  Due  to  the  rotation  of  the  earth  about  its  axis. 


8.  The  correct  choice  is  (c). 


Questions  9  to  12  are  based  on  the  following  passage 
Passage  III 

The  escape  velocity  on  a  planet  or  a  satellite  is  the 
minimum  velocity  with  which  a  body  must  be  projected 
from  that  planet  so  that  it  escapes  the  gravitational  pull  of 
the  planet  goes  into  outer  space.  We  obtain  the  expression 
for  the  escape  velocity  by  equating  the  work  required  to 
move  the  body  from  the  surface  of  the  planet  to  infinity 
with  the  initial  kinetic  energy  given  to  the  body.  The 
escape  velocity  from  a  planet  of  mass  M  and  radius  R  is 
given  by 


=  V2 ~gR 


where  g  is  the  acceleration  due  to  gravity  on  the  surface  of 
the  planet  and  G  is  the  gravitation  constant. 

9.  Choose  the  only  incorrect  statement  from  the 
following.  The  escape  velocity  from  a  planet 

(a)  is  independent  of  the  mass  of  the  body  which 
is  projected. 

(b)  is  independent  of  the  direction  in  which  the 
body  is  projected. 

(c)  depends  on  the  mass  and  radius  of  the  planet. 

(d)  will  be  less  than  the  value  given  by  the  ex- 

12  MG  ,c  , 

pression  ve  =  J -  it  the  planet  has  an 

atmosphere.  ^ 

SOLUTION 

9.  The  only  incorrect  statement  is  (d).  Due  to  atmo¬ 
spheric  friction,  a  part  of  the  initial  kinetic  energy 
is  lost  as  heat.  Hence  the  actual  value  of  the  escape 
velocity  is  greater  than  the  value  obtained  from  the 
given  expression. 

1°.  =  JiHF  =  J319X-L  =  ^ 

vE  V  Rj  V  11 

Hence  the  correct  choice  is  (a). 

11.  The  escape  velocity  at  a  height  h  is  given  by 

v'c=*  yjlg'Ut  +  h) 


10.  The  mass  of  Jupiter  is  about  319  times  that  of  the 
earth  and  its  radius  is  about  11  times  that  of  the 
earth.  The  ratio  of  the  escape  velocity  on  Jupiter  to 
that  on  earth  is 


(a)  V29 

(c)vk 


(b)  29 

(d)  75 


11.  If  R  is  the  radius  of  the  earth  and  g  the  acceleration 
due  to  gravity  on  its  surface,  the  escape  velocity 
of  a  body  projected  from  a  satellite  orbiting  the 
earth  at  a  height  h  =  R  from  the  surface  of  the  earth 
will  be 


(a)  sf^R 
(c)  JlgR 


(b)  v/2 & 
(d)  2^R 


12.  A  body  is  dropped  from  a  height  equal  to  half  the 
radius  of  the  earth.  If  ve  is  the  escape  velocity  on 
earth  and  air  resistance  is  neglected,  it  will  strike 
the  surface  of  the  earth  with  a  speed 


(a) 

e 

V2 

(b) 

(c) 

£ 

V3 

(d) 

where  g'  is  the  acceleration  due  to  gravity  at 
height  h, 

g,'gbrb) 

For  h  =  R,  we  get  v'e  =  yfgR  ,  which  is  choice  (a). 
12.  The  correct  choice  is  (c).  Use  conservation  of 
energy,  i.e. 

Total  energy  at  h  (=  R/2) 

=  Total  energy  when  the  body  strikes  the  earth 

GmM  1  ,  GmM 

=>  —  ,  n  .  =  —  mv - 

(R  +  h)  2  R 
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# 

Assertion  Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

A  body  is  projected  up  with  a  velocity  equal  to  half 
the  escape  velocity  from  the  surface  of  the  earth.  If 
R  is  the  radius  of  the  earth  and  atmospheric  resis¬ 
tance  is  neglected,  it  will  attain  a  height  h  =  R/ 3. 

Statement-2 

The  gravitational  potential  is  -  GM/R  on  the  surface 
of  the  earth  and  it  increases  with  height;  M  being 
the  mass  of  the  earth. 

2.  Statement-1 

The  total  energy  (kinetic  +  potential)  of  a  satellite 
moving  in  a  circular  orbit  around  the  earth  is  half 
its  potential  energy. 

Statement-2 

The  gravitational  force  obeys  the  inverse  square 
law  of  distance. 

3.  Statement-1 


Two  bodies  of  masses  my  =  m  and  m2  =  3  m  are  ini¬ 
tially  at  rest  at  infinite  distance  apart.  They  are  then 
allowed  to  move  towards  each  other  under  mutual 
gravitational  attraction.  Their  relative  velocity  of 
approach  when  they  are  at  a  separation 


r  is  v  = 


SOLUTIONS 


1.  The  correct  choice  is  (b).  Use  ve  = 


2Gm 


R 


and 


total  energy  at  r  (=  R  +  h)  =  total  initial  energy,  i.e. 


GmM 


^  2 

=  —  mv 

2 


GmM 


r  2  R 

2.  The  correct  choice  is  (a).  The  centripetal  force 
needed  for  circular  motion  is  provided  by  the 


Statement-2 

The  gain  in  the  kinetic  energy  of  each  body  equals 
the  loss  in  its  gravitational  potential  energy. 

4.  Statement-1 

An  astronaut  inside  a  massive  space-ship  orbiting 
around  the  earth  will  experience  a  finite  but  small 
gravitational  force. 

Statement-2 

The  centripetal  force  necessary  to  keep  the  space¬ 
ship  in  orbit  around  the  earth  is  provided  by  the 
gravitational  force  between  the  earth  and  the  space¬ 
ship. 

5.  Statement-1 

The  escape  velocity  varies  with  altitude  and  lati¬ 
tude  of  the  place  from  where  it  is  projected. 

Statement-2 

The  escape  velocity  depends  on  the  gravitational 
potential  at  the  point  of  projection. 

6.  Statement-1 

A  comet  orbits  the  sun  in  a  highly  elliptical  orbit. 
Its  potential  energy  and  kinetic  energy  both  change 
over  the  orbit  but  the  total  energy  remains  constant 
throughout  the  orbit. 

Statement-2 

For  a  comet,  only  the  angular  momentum  remains 
constant  throughout  the  orbit. 

7.  Statement-1 

The  acceleration  due  to  gravity  decreases  due  to 
rotation  of  the  earth. 

Statement-2 

A  body  on  the  surface  of  the  earth  also  rotates  with 
it  in  a  circular  path.  A  body  in  a  rotating  (non-in- 
ertial)  frame  experiences  an  outward  centrifugal 
force  against  the  inward  force  of  gravity. 


gravitational  force.  Since  the  gravitational  force 
obeys  the  inverse  square  law  of  distance,  the  orbital 
velocity  of  the  satellite  is  given  by 

I GM 

l”J— 

where  M=  mass  of  earth  and  r  =  orbital  radius. 
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Therefore 

.  1  2  GmM 

Kinetic  energy  =  —  mv  =  - 

2  2  r 

where  m  =  mass  of  the  satellite.  From  the  inverse 
square  law  of  distance,  we  find  that  the  potential  of 
the  satellite  is  given  by 

GmM 


Potential  energy  =  — 

r 

Total  energy  E  =  K.E.  +  P.E. 

GmM 


2  r 


GmM  j 


GmM  _  P.E. 

2  r  2 

3.  The  correct  choice  is  (d).  Initially  when  the  two 
masses  are  at  an  distance  from  each  other,  their 
gravitational  potential  energy  is  zero.  When  they 
are  at  a  distance  r  from  each  other  the  gravitational 
P.E.  is 

pE  =  -  Gm'm2 
r 

The  minus  sign  indicates  that  there  is  a  decrease 
in  P.E.  This  gives  rise  to  an  increase  in  kinetic 
energy.  If  vx  and  v2  are  their  respective  velocities 
when  they  are  at  a  distance  r  apart,  then,  from  the 
law  of  conservation  of  energy,  we  have 


—  m,v,  = 
2  1  1 


Gn\m~, 


or  vx  - 


2Gm~, 


,  1  2  Gmxm2  2Gm, 

and  -m,v2  = - -  or  v2  =  J - 1 

2  r  V  r 


Therefore,  their  relative  velocity  of  approach  is 


2Gm1 

v  =  vx  +  v2  =  J - -  + 


2G//7, 


2G ,  , 

=  .  - (m2+ml) 

r 


Putting  in,  =  m  and  m2  =  3 m,  we  get  v  =  2 


2Gm 


4.  The  correct  choice  is  (b).  Because  the  centripetal 
force  equals  the  gravitational  force  exerted  by  the 
earth  on  the  space-ship,  the  astronaut  does  not 
experience  any  gravitational  force  of  the  earth.  The 
only  force  of  gravity  that  an  astronaut  in  an  orbiting 
space-ship  experiences  is  that  which  is  due  to  the 
gravitational  force  exerted  by  the  space-ship.  Since 
the  space-ship  is  very  massive,  this  force  is  finite 
but  very  small. 

5.  The  correct  choice  is  (a).  The  gravitational  poten¬ 
tial  at  a  point  varies  with  the  altitude  and  latitude 
of  the  place. 

6.  The  correct  choice  is  (c). 

7.  The  correct  choice  is  (a). 


REVIEW  OF  BASIC  CONCEPTS 

10.1  |  ELASTICITY _ 

The  ability  of  a  body  to  regain  its  original  shape  and 
size  when  the  deforming  force  is  withdrawn,  is  known  as 
elasticity. 

10.2  !  STRESS 


When  a  deforming  force  is  applied  to  a  body,  it  reacts  to  the 
applied  force  by  developing  a  reaction  (or  restoring)  force 
which,  from  Newton’s  third  law,  is  equal  in  magnitude  and 
opposite  in  direction  to  the  applied  force.  The  reaction 
force  per  unit  area  of  the  body  which  is  called  into  play 
due  to  the  action  of  the  applied  force  is  called  stress. 
Stress  is  measured  in  units  of  force  per  unit  area,  i.e. 
Nm  2.  Thus 

o  F 

Stress  =  — 

A 

where  F  is  the  applied  force  and  A  is  the  area  over  which 
it  acts. 

10.3  |  STRAIN _ 

When  a  deforming  force  is  applied  to  a  body,  it  may 
suffer  a  change  is  size  or  shape.  Strain  is  defined  as  the 
ratio  of  the  change  in  size  or  shape  to  the  original  size  or 
shape  of  the  body.  Strain  is  a  number;  it  has  no  units  or 
dimensions. 

The  ratio  of  the  change  in  length  to  the  original  length 
is  called  longitudinal  strain.  The  ratio  of  the  change  in 
volume  to  the  original  volume  is  called  volume  strain.  The 
strain  resulting  from  a  change  in  shape  is  called  shearing 
strain. 

10.4  !  HOOKES'  LAW 

_ I _ 

Hookes’  law  states  that,  within  the  elastic  limit,  the  stress 
developed  in  a  body  is  proportional  to  the  strain  produced 


in  it.  Thus  the  ratio  of  stress  to  strain  is  a  constant.  This 
constant  is  called  the  modulus  of  elasticity.  Thus 

stress 

Modulus  of  elasticity  =  - 

strain 

Since  strain  has  no  unit,  the  unit  of  the  modulus  of  elasticity 

_9 

is  the  same  as  that  of  stress,  namely,  Nm  . 

10.5  !  YOUNG'S  MODULUS 


Suppose  that  a  rod  of  length  L  and  a  uniform  cross- 
sectional  area  A  is  subjected  to  a  longitudinal  pull.  In 
other  words,  two  equal  and  opposite  forces  are  applied 
at  its  ends. 

F 

Stress  =  — 

A 

The  stress  in  the  present  case  is  called  linear  stress, 
tensile  stress,  or  extensional  stress.  If  the  direction  of 
the  force  is  reversed  so  that  A L  is  negative,  we  speak 
of  compressional  strain  and  compressional  stress.  If  the 
elastic  limit  is  not  exceeded,  then  from  Hooke’s  law 
Stress  °c  strain 

or  Stress  =  Y  x  strain 

stress  F  L 

or  Y  =  - = -  (1) 

strain  A  A L 

where  Y,  the  constant  of  proportionality,  is  called  the 
Young’s  modulus  of  the  material  of  the  rod  and  may  be 
defined  as  the  ratio  of  the  linear  stress  to  linear  strain, 
provided  the  elastic  limit  is  not  exceeded.  Since  strain  has 
no  unit,  the  unit  of  Y is  Nm  2. 

10.6  i  BULK  MODULUS _ 

Solids,  liquids  and  gases  can  be  deformed  by  subjecting 
them  to  a  uniform  normal  pressure  P  in  all  directions. 

Stress  and  pressure  have  the  same  dimension  (force 
per  unit  area),  but  pressure  is  not  the  same  thing  as 
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stress.  Pressure  is  the  force  per  unit  area  acting  on  the  surface 
of  a  system,  the  force  being  everywhere  perpendicular  to 
the  surface  so  that,  for  a  uniform  pressure,  the  force  per 
unit  area  is  the  same. 

Pressure  is  a  particular  kind  of  stress  which  changes 
only  the  volume  of  the  substance  and  not  its  shape.  The 
substance  may  be  a  solid,  liquid  or  gas.  A  small  increase 
in  pressure  A P  applied  to  a  substance  decreases  its 
volume  from,  say,  V  to  V  -  AV  so  that  AV  is  the  small 
decrease  in  volume.  The  volume  strain  is  given  by 

w  ,  .  AV 

Volume  strain  =  —  - 

V 

The  bulk  modulus  is  defined  as  the  ratio  of  the  excess 
pressure  and  the  corresponding  volume  strain,  i.e. 


B  = 


A  P 


APV 

AV 


(2) 


If  AP  is  positive,  AV  will  be  negative  and  vice  versa.  The 

negative  sign  in  our  definition  of  bulk  modulus  B  ensures 

—2 

that  B  is  always  positive.  The  SI  unit  of  B  is  Nm  .  The 
reciprocal  of  B  is  known  as  compressibility. 

The  bulk  modulus  of  a  gas  depends  on  the  pressure. 
Under  isothermal  conditions  (i.e.  when  the  temperature 
is  kept  constant),  the  bulk  modulus  of  a  gas  is  equal  to 
its  pressure  P.  Under  adiabatic  conditions  (i.e.  when  heat 
is  not  allowed  to  leave  or  enter  the  system),  the  bulk 
modulus  is  equal  to  yP,  where  y(=  CJCV)  is  the  ratio  of 
the  molar  heat  capacities  of  the  gas  at  constant  pressure 
and  constant  volume.  Thus 

Isothermal  bulk  modulus  =  P 
Adiabatic  bulk  modulus  =  yP. 


io.7 : 

i 

_ L 


SHEAR  MODULUS  OR  MODULUS  OF 
RIGIDITY 


Shear  is  a  particular  kind  of  stress  which  only  solids  can 
withstand.  The  solid  is  deformed  by  changing  its  shape 
without  changing  its  size.  The  body  does  not  move  or 
rotate  as  a  whole:  there  is  a  relative  displacement  of  its 
contiguous  layers. 

Consider  a  solid  in  the  form  of  a  rectangular  cube  as  in 
Fig.  10.1. 

V  U 


Suppose  the  lower  face  PQRS  is  held  fixed  and  a  force 
F  is  applied  parallel  to  the  upper  face  MNUV.  As  a  result 
of  this,  the  lines  joining  the  two  faces  turn  through  an 
angle  6.  We  say  that  the  face  MNRS  is  sheared  through  an 
angle  0  (measured  in  radians).  The  angle  0  is  called  the 
shear  strain  or  the  angle  of  shear  and  is  a  measure  of  the 
degree  of  deformation. 

If  A  is  the  area  of  the  face  MNUV,  the  ratio  FI  A  is  the 
shearing  stress.  It  is  found  that  for  small  deformation,  the 
shearing  stress  is  proportional  to  the  shear  strain,  i.e. 


F 

A 


rjO,  n 


F 

~A9 


The  quantity  n  is  called  the  shear  modulus  or  the 
modulus  of  rigidity.  Referring  to  Fig.  10.1,  if  6  is  small, 

0  —  tan  0  = 

L 

so  that  p  = 

This  equation  looks  similar  to  Eq.  (1)  for  Young’s 
modulus  with  the  difference  that  FI  A  here  is  the  tangential 
stress  and  not  longitudinal  stress. 


— )■— 
AJ  AL 


10.8  i  POISSON'S  RATIO _ 

When  a  wire  is  stretched  with  a  force,  apart  from  an  increase 
in  its  length,  there  is  a  slight  decrease  in  its  diameter,  i.e. 
both  shape  and  volume  change  under  longitudinal  stress. 

The  ratio  of  the  decrease  AD  in  diameter  to  the  original 
diameter  D  is  called  lateral  strain,  i.e.  strain  at  right 
angles  to  the  deforming  force.  Thus 

,  .  change  in  diameter  AD 

Lateral  strain  =  - = - 

original  diameter  D 

T  .  .  .  change  in  length  AL 

Also  Longitudinal  strain  =  - = - 

original  length  L 

The  ratio  of  the  two  is  called  Poisson’s  ratio  and  is 
denoted  by  o.  Hence, 

Lateral  strain  ADI D 

a=  - = - 

Longitudinal  strain  AL/L 

AD  L 
D  AL 

Since  it  is  a  ratio  between  two  types  of  strain,  a  is 
dimensionless.  Theoretically,  one  can  show  that  it 
must  be  less  than  0.5.  For  most  solids  it  lies  between 
1/4  and  1/3,  and  for  rubber  it  is  very  nearly  0.5. 


10.9 


ENERGY  STORED  IN  A  STRAINED  WIRE: 
STRAIN  ENERGY 


Fig.  10.1 


If  a  wire  is  stretched,  the  energy  stored  per  unit  volume 
is  given  by 


Elasticity  10.3 


where 

Since 


U  =  —  stress  x  strain 
2 


=  -  S  x  e 
2 

S  =  stress,  e  =  strain 

£ 


1 


1 


1  sz 


U  =  -  5  x  e  =  —  Ye2  = 

2  2  2  7 


10.10  ■  THERMAL  STRESSES 


If  a  metal  rod  fixed  rigidly  at  its  ends  is  heated  or  cooled, 
then  due  to  expansion  orcontraction,  tensile  or  compressive 
stress  is  set  up  in  the  rod.  These  stresses  are  called  thermal 
stresses.  If  a  rod  of  length  L  is  free  to  expand  or  contract 
and  its  temperature  is  changed  by  AT,  the  change  in  its 
length  is  given  by 

A L  =  aL  AT 

where  a  is  the  coefficient  of  linear  expansion  of  the  rod. 
Now  from  Eq.  ( 1),  we  have 


AT  = 


FL 


AY 
F  =  aAYAT 

Thus,  the  thermal  stress  in  the  rod  is 
F 

—  =  aYAT 
A 

Similarly,  if  a  fluid  is  contained  in  a  vessel  such  that 
its  volume  cannot  change,  then  a  change  in  temperature 
results  in  a  change  in  pressure.  The  thermal  stress  is  then 
given  by 

A P  =  yBAT 

where  B  is  the  bulk  modulus  of  the  fluid  and  y  is  its 
coefficient  of  volume  expansion  or  contraction. 

10.11  !  TORQUE _ 

If  a  rod  or  wire  of  length  /  and  radius  r  is  fixed  at  one  end 
and  the  other  end  is  twisted  through  an  angle  6  (in  radian) 
by  applying  a  torque,  the  restoring  torque  is  given  by 


T  = 


nr]r40 

21 


Where  r\  is  the  shear  modulus  of  the  material  of  the  rod 
or  wire. 


EXAMPLE  10.1 


A  steel  wire  (original  length  =  2  m,  diameter  =  1mm) 
and  a  copper  wire  (original  length  =  lm,  diameter 
=  2  mm)  are  loaded  as  shown  in  Fig.  10.2.  Find  the 
ratio  of  extension  of  steel  wire  to  that  of  copper  wire. 
Young’s  modulus  of  steel  =  2  x  1011  NnT2  and  that  of 
copper  =  1  x  1011  Nnf2. 


Steel 


4  kg 


Copper 


6  kg 


Fig.  10.2 


SOLUTION 


Y=I±- 

AAL 

A L  =  —  = 
74 


4  FL 


Y  x  (n d2 ) 

For  steel  wire  Fs  =  (6  +  4)  x  9.8  =  98  N 
For  copper  wire  Fe  =  6  x  9.8  =  58.8  N 

4  f  J  4  F  J 

(A L\  =  -  !  '  and  (AL)C  =  c  c 


Ysx{nd]) 


(A  L)s 

mc 


Ycx(nd2c) 


F,  Ll,  7.  ( d. 


=  —  x  —  x  —  x  — 


Fc  L, 


7  d. 


98  2  1  .  . 2 

- x  -  x  -  x  (2) 

58.8  1  2  v  ’ 

20 

T 


EXAMPLE  10.2 


When  the  pressure  on  all  sides  of  a  metal  cube  is  in¬ 
creased  by  107  Pa,  its  volume  decreases  by  0.015%  . 
Find  the  bulk  modulus  of  the  metal. 


SOLUTION 


AF  0.015 

AP  =  107  Pa,  -  = - 

V  100 


B  =  - 


AP 


10' 


AV/V  -0.015/100 
=  6.67  x  1010  Pa  or  NnT2 
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EXAMPLE  10.3 


I  A  rubber  cube  is  subjected  to  a  pressure  of  106  Pa  on 
all  sides.  As  a  result,  each  side  of  the  cube  decreases 
by  1%.  Calculate  the  bulk  modulus  of  rubber. 


SOLUTION 


Volume  of  cube  is  V=  L  .  Therefore 
AV  =  3A L 
~V~ 

a6 


=  3  x  -  1%  =  -  3%  = - 

L  100 


.-.  B  =  - 


AP 

AV/V 


10° 


-3/100 


=  3.33  x  107  Nm"2 


EXAMPLE  10.4 


■  The  base  of  a  rubber  cube  of  side  3.0  cm  is  clamped.  A 
horizontal  force  F  of  2.7  N  is  applied  on  the  top  face. 
Calculate  (a)  the  angle  of  shear  and  (b)  the  horizon¬ 
tal  displacement  of  the  top  face  of  the  eraser.  Shear 
modulus  of  rubber  =  1.5  X  10''  Nirf2. 


SOLUTION 


Refer  to  Fig.  10.1  and  also  to  Fig.  10.3. 

- *-F 


3  cm 


Area  of  top  face  (A)  =  3  cm  x  3  cm 

=  9  cm2  =  9  x  10~4  m2 
F  2  7 

Shearing  Stress  =  —  =  — — — -  =  3  X  1 03  Nirf 2 
A  9 x 10-4 


EXAMPLE  10.5 


In  this  example,  Statement-I  is  followed  by  State- 
ment-II.  Choose 

(a)  if  statement-II  is  true  and  statement-II  is  true 
and  statement-II  is  the  correct  explanation  for 
statement-I. 


(b)  if  statement-I  is  true  and  statement-II  is  true  but 
statement-II  is  not  the  correct  explanation  for 
statement-I. 


(c) 

(d) 

(i) 


if  statement-I  is  true  and  statement-II  is  false, 
if  statement-I  is  false  and  statement-II  is  true. 


Statement-I'.  A  wire  of 
length  L  extends  by  an 
amount  A L  when  a  block 
of  weight  W  is  hung  from 
it  as  shown  in  Fig.  10.4(a). 
If  the  same  wire  goes  over 
a  frictionless  pulley  and 
two  blocks  each  of  weight 
W  are  hung  at  its  ends  as 
shown  in  Fig  10.4(b),  the 
wire  will  extend  by  2A L, 
if  the  elastic  limit  is  not 
exceeded. 


/////  ///// 


w 


(a)  (b) 

Fig.  10.4 


Statement-II'.  For  a  given  load,  the  extension  is 
proportional  to  the  length  of  the  wire. 

(ii)  Statement-I'.  Steel  is  more  elastic  than  rubber. 

Statement-II'.  For  a  given  deforming  force,  a 
steel  wire  is  extended  by  an  amount  less  than 
rubber  band  of  the  same  radius  and  the  same 
length. 

(iii)  Statement-I'.  Figure  10.5  shows  the  stress-strain 
curves  for  two  materials  1  and  2.  It  follows  from 
the  graphs  that  material  1  has  higher  Young’s 
modulus  then  material  2. 


Statement-II'.  Within  elastic  limit,  the  slope 
of  the  stress-strain  graph  is  greater  for  material 
1  than  for  material  2. 


(a)  Angle  of  Shear  fl-SheanngStreSS 
shear  modulus 


3  x  1 03 
1.5  x  105 


=  2.0  x  10  2  rad 


(b)  tan  9  = 


Ax 

L 


=>  Ax  =  L  tan9  =  L9  (v  9 is  small) 
=  3  cm  x  2.0  x  10~2 
=  6  x  1 0~2  cm 
=  0.6  mm 


Fig.  10.5 
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(iv)  Statement-I:  It  follows  from  Fig.  10.5  than  mate¬ 
rial  1  is  more  brittle  than  material  2. 

Statement-II\  The  plastic  range  is  more  for  mate¬ 
rial  1  than  for  material  2. 

(v)  Statement-I :  A  hollow  shaft  is  stronger  than  a 
solid  shaft  both  made  of  the  same  material  and 
the  same  external  dimensions. 

Statement-IL  To  produce  a  given  twist,  a  greater 
torque  is  needed  for  the  hollow  shaft  than  for  the 
solid  shaft. 


SOLUTIONS 


|(i)  Statement-II  is  true.  Since  the  length  of  the  wire 
and  tension  in  wire  in  cases  (a)  and  (b)  shown  in 
Fig.  10.4  are  the  same,  the  extension  in  the  wire 
will  be  the  same  equal  to  A L  in  both  case.  So 
Statement-I  is  false.  The  correct  choice  is  (d) 

FI  FI 

(ii)  Ys  >  Yr,  i.e.  —  <  —  or  (A L\  <  (AT),. 

AYS  AYr 

So  Statement-II  is  true.  This  means  than  steel 
develops  less  strain  that  rubber  and  hence  steel, 
can  withstand  greater  stress  than  rubber.  So  State¬ 
ment-I  is  also  true.  The  correct  choice  is  (a). 

(iii)  Young’s  modulus  =  slope  of  the  straight  portion 
of  the  stress  —  strain  graph.  Hence  Young’s  mod¬ 
ulus  of  material  1  is  greater  than  that  of  material 
2.  So  the  correct  choice  is  (a). 

(iv)  The  plastic  range  AB  of  material  2  is  less  than 
that  of  material  1 .  So  the  breaking  strain  of  material 
2  is  less  than  that  of  material  1 .  Hence  material 
2  is  more  brittle  than  material  1.  So,  Statement-I 
is  false  and  Statement-I  is  true. 


(v)  The  torque  per  unit  angular  twist  for  a  solid  shaft 
is 


Ts  _  Kt]r4 

~e  ~  2  l 


(1) 


If  rj  and  r2  are  the  external  and  internal  radii 
of  the  hollow  shaft,  the  torque  per  unit  angular 
twist  is 


T h_  =  ttriO  f  — 1~2  ) 

e  2  l 


nri 

2 i 


(h2 


r2  X'f  +  r2  ) 


(2) 


2  2 

Since  the  volumes  are  the  same,  7t(rf  -r2  )L 
=  nr2L. 


Using  this  eq.  (2),  we  get 


h. 

9 


KTjr2 
2  L 


OiW) 


U 

9 


I  2h 

1  +  4 


V 


(•••  '-|  =  r) 


J 


i.e.  rh  >  ts.  So  the  correct  choice  is  (a). 


EXAMPLE  10.6 


A  heavy  and  thick  mbber  rope  is  hung  frame  support. 
It  is  stretched  by  its  own  weight.  The  strain  in  the 
rope  is 

(a)  the  maximum  near  the  support. 

(b)  the  maximum  near  the  free  end  of  the  rope 

(c)  the  maximum  at  the  centre  of  the  rope 

(d)  the  same  everywhere. 


SOLUTION 


If  Mis  mass  of  the  rope  and  L  its  length, 
then  the  tension  at  a  point  P  at  a  distance 
y  from  the  free  end  is  (see  Fig.  10.6) 


Thus  the  tension  is  maximum  at  A  and 
zero  at  B.  Now 


Strain  = 


A L 
L 


T 

AY 


/////////// 


P\ 

y 

e 

Fig.  10.6 


Hence  the  strain  is  maximum  near  A  and  minimum 
near  B.  So  the  correct  choice  is  (a). 


EXAMPLE  10.7 


A  metal  rod  of  length  1.0  m  and  cross-sectional  area 
1.0  mm2  is  fixed  horizontally  between  two  rigid 
supports.  The  tension  in  the  rod  is  zero  when  the 
temperature  is  40°C.  Find  the  tension  in  the  rod  when 
the  temperature  falls  to  20°C.  Young’s  modulus  of 
metal  =  2.0  x  1011  NnT2  and  coefficient  of  linear  ex¬ 
pansion  =  1.0  x  1 0-5  K_1. 


SOLUTION 


Thermal  stress  =  aYAT 


T 

-  =  aYAT 
A 

T  =  A  aYAT 


=  (1.0  x  10~5)  x  (1.0  x  10~4) 
x  (2.0  x  1011)  x  (40  -  20) 
=  40  N 
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EXAMPLE  10.8 


I  A  bob  of  mass  1  kg  is  suspended  by  a  rubber  cord 
2.0  m  long  and  of  cross-sectional  area  1.0  cm2  .  It  is 
revolved  in  a  horizontal  circle  of  radius  1.0  m  at  a 
speed  of  4  ms~'.  If  Young’s  modulus  of  rubber  is  5  x 
10s  Nik2,  calculate  the  extension  of  the  cord.  Take 
g  =  1 0  ms~2. 


Fig.  10.7 


Figure  10.7(b)  shows  the  free  body  diagram  of  the 
bob.  From  the  diagram,  it  follows  that 

,2 


T  sin  0  = 


mv 


(centripetal  force) 


and  T  cos 0  =  mg 

Squaring  and  adding  these  equations,  we  get 


T  = 


if  mv2^~ 


+  (mg)2 


Now 


TL  _  18.87x2.0 

AY  ~  (1.0  x  10-4)  x  (5  x  108) 
=  7.5  x  10^  m  =  0.75  mm 


EXAMPLE  10.9 


A  wire  of  length  L  is  suspended  from  a  support.  Its 
length  becomes  Lx  when  its  is  loaded  with  a  block 
of  mass  mi  and  L2  when  it  is  loaded  with  a  block  of 
mass  m2. 

Then 


(a)  L  —  ■ \JL[L2 


(b)  L  —  ^  (Lx  +  L2) 


(c)  L  = 


Lxm2  +  L2mx 
Oi  +m2) 


(d)  L  = 


Lxm2  -  L2mx 
(m2  -  mx) 


SOLUTION 


A L  = 


mgL 

AY 


and 


A L,  = 


L,  -  L  = 


A L2  = 


l2-l  = 


_  m\AL 
AY 

m\gL 
AY 

nhSL 
AY 

nhSL 
AY 


(i) 


(ii) 


Dividing  (i)  by  (ii) 


If  i.o  x42  y 

K  1-0  Z 


+  (1.0  x  10)2 


Lx-L  =  mx  L  =  Z1;;?2  -  L2mx 
Lt  -  L  m2  m2  -  mx 


=  18.87  N 


So  the  correct  choice  is 


(d). 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  The  following  four  wires  are  made  of  the  same 
material.  Which  of  these  will  have  the  largest 
extension  when  the  same  tension  is  applied? 

(a)  Length  =  50  cm,  diameter  =  0.5  mm 


(b)  Length  =  100  cm,  diameter  =  1  mm 

(c)  Length  =  200  cm,  diameter  =  2  mm 

(d)  Length  =  300  cm,  diameter  =  3  mm 

<  IIT,  1981 
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2.  When  a  wire  of  length  L  is  stretched  with  a  tension 
F,  it  extends  by  l.  If  the  elastic  limit  is  not  exceeded, 
the  amount  of  energy  stored  in  the  wire  is 

(a)  FI  (b)  l-  FI 


3. 


4. 


5. 


6. 


(d) 


FI2 

~2L 


<  IIT,  1990 

A  wire,  suspended  from  one  end,  is  stretched  by 
attaching  a  mass  of  2  kg  to  the  lower  end.  The  wire 
stretches  by  1  mm.  The  ratio  of  the  energy  gained 
by  the  wire  to  the  gravitational  energy  lost  by  the 
mass  in  dropping  a  distance  of  1  mm  is  (Take  g  = 
1 0  ms~2) 

(a)  1  (b)  1/2 

(c)  1/3  (d)  1/4 

When  the  pressure  on  a  metal  cube  is  increased  by 
107  Pa,  its  volume  decreases  by  0.015%.  The  bulk 
modulus  of  the  metal  (in  Nm  2)  is 
(a)  1.5  x  1010  (b)  3.33  x  1010 

(c)  6.67  x  1010  (d)  7.5  x  1010 

A  rubber  cube  is  subjected  to  a  pressure  of  106  Pa 
on  all  sides.  As  a  result,  each  side  of  the  cube 
decreases  by  1%.  The  bulk  modulus  of  rubber  is 
(in  NnT2) 

(a)  1  x  108  (b)  3  X  107 

(c)  3.33  x  107  (d)  6.67  x  107 

Two  wires  A  and  B  made  of  the  same  material  have 
their  lengths  in  the  ratio  1  :  2  and  their  diameters  in 
the  ratio  2  :  1.  If  they  are  stretched  with  the  same 
force,  the  ratio  of  the  increase  in  the  length  of  A  to 
that  of  B  is 


(a)  1 

(b) 

(c)  i 

(d) 

7.  A  copper  wire  of  length  1.0  m  and  a  steel  wire  of 
length  0.5  m  having  equal  cross-sectional  areas  are 
joined  end  to  end.  The  composite  wire  is  stretched 
by  a  certain  load  which  stretches  the  copper  wire  by 
1  mm.  If  the  Young’s  modulii  of  copper  and  steel 
are  1.0  X  1011  NnT2  and  2.0  x  1011  NnT2,  the  total 
extension  of  the  composite  wire  is 


(a)  1.25  mm  (b)  1.50  mm 

(c)  1.75  mm  (d)  2.0  mm 


8.  Two  springs  of  equal  lengths  and  equal  cross- 

sectional  areas  are  made  of  materials  whose  Young’s 

modulii  are  in  the  ratio  of  3  :  2.  They  are  suspended 
and  loaded  with  the  same  mass.  When  stretched 
and  released,  they  will  oscillate  with  time  periods 

in  the  ratio  of 


(a)  73  :  72 

(b)  3:2 

(c)  3  73  :  2  72 

(d)  9  :4 

A  wire  of  lengthZ  and  cross-sectional  area^4  is  made 
of  a  material  of  Young’s  modulus  Y.  The  work  one 
in  stretching  the  wire  by  an  amount  x  is  given  by 

,  ,  YAx2 
<S)  L 

YA I? 

(c) 

<d>  “7 

■  IIT,  1987 


10.  A  solid  sphere  of  radius  R  and  made  of  a  material  of 
bulk  modulus  K  is  completely  immersed  in  a  liquid 
in  a  cylindrical  container.  A  massless  piston  of  area 
A  floats  on  the  surface  of  the  liquid.  When  a  mass 
Mis  placed  on  the  piston  to  compress  the  liquid,  the 
fractional  change  in  the  radius  of  the  sphere,  8R/R 
is  given  by 

Mg  /u.  Mg 


(a) 


KA 


(b) 


2  KA 


(c) 


Mg 

3KA 


(d) 


Mg 

AKA 


11.  A  steel  wire  of  cross-sectional  area  3  X  10  6  m2 

—3 

can  withstand  a  maximum  strain  of  10  .  Young’s 
modulus  of  steel  is  2  x  1011  NnT2.  The  maximum 
mass  the  wire  can  hold  is  (Take  g  =  10  ms~2) 

(a)  40  kg  (b)  60  kg 

(c)  80  kg  (d)  100  kg 

12.  A  rubber  eraser  3  cm  x  1  cm  x  8  cm  is  clamped  at 
one  end  with  the  8  cm  edge  vertical.  A  horizontal 
force  of  2.4  N  is  applied  at  the  free  end  (the  top 
face).  If  the  shear  modulus  of  rubber  is  1.6  x  105 
NnT2,  the  horizontal  displacement  of  the  top  face 
will  be 

(a)  1  mm  (b)  2  mm 

(c)  3  mm  (d)  4  mm 

13.  The  density  of  water  at  the  surface  of  the  ocean  is  p. 
If  the  bulk  modulus  of  water  is  B,  what  is  the  den¬ 
sity  of  ocean  water  at  a  depth  where  the  pressure  is 
nP0,  where  P0  is  the  atmospheric  pressure? 


(a) 

pB 

(b) 

pB 

B  -(n-l)P0 

B  +  (n-l)P0 

(c) 

pB 

(d) 

pB 

B  -  nP0 

B  +  nP0 

14.  One  end  of  a  uniform  rod  of  mass  M  and  cross- 
sectional  area  A  is  suspended  from  rigid  support 
and  an  equal  mass  M  is  suspended  from  the  other 
end.  The  stress  at  the  mid-point  of  the  rod  will  be 
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(a) 

2  Mg 

(b) 

3  Mg 

A 

2  A 

(c) 

Mg 

A 

(d) 

zero 

15.  Two  rods  of  different  materials,  having  coefficients 
of  linear  expansion  al  and  a2  and  Young’s  modulii 
7j  and  Y2,  are  fixed  between  two  rigid  walls.  The 
rods  are  heated  to  the  same  temperature.  There  is 
no  bending  of  rods.  If  cq  :  a2  =  2  :  3,  the  thermal 
stresses  developed  in  the  two  rods  will  be  equal 
provided  Yl  :  Y2  is  equal  to 

(a)  2  :  3  “  (b)  1:1 

(c)  3  :  2  (d)  4  :  9 

16.  One  end  of  a  uniform  wire  of  length  L  and  of  weight 
W  is  attached  rigidly  to  a  point  in  the  ceiling  and  a 
weight  Itj  is  suspended  from  its  lower  end.  If  S  is 
the  area  of  cross-section  of  the  wire,  the  stress  in 
the  wire  at  a  height  3L/4  from  its  lower  end  is 

(a)  W,/S  (b)  [W^)/S 

(0  [W^)/S  (d)  (Wl  +  W)/S 

17.  A  uniform  wire  (Young’s  modulus  2  X  10  Nm  ) 
is  subjected  to  a  longitudinal  tensile  stress  of 
5  x  107  Nm  2.  If  the  overall  volume  change  in  the 
wire  is  0.02%,  the  fractional  decrease  in  the  radius 
of  the  wire  is 

(a)  1.5  x  10^  (b)  1.0  x  10^ 

(c)  0.5  x  lO^4  (d)  0.25  x  lO^4 

<  IIT,  1993 

18.  An  elastic  spring  of  unstretched  length  L  and  force 
constant  k  is  stretched  by  a  small  length  x.  It  is 
further  stretched  by  another  small  length  y.  The 
work  done  in  the  second  stretching  is 

(a)  i  ky2  (b)  X-k  (x2  +  y2) 

(c)  ^  k(x  +  yf  (d)  ^  ky(2x  +  y) 

<  IIT,  1994 

19.  The  length  of  an  elastic  string  is  a  metre  when  the 
longitudinal  tension  is  4  N  and  b  metre  when  the 
tension  is  5  N.  The  length  of  the  string  (in  metre) 
when  the  longitudinal  tension  is  9  N  is 

(a)  a  -  b  (b)  5 b  -  4 a 

(c)  2b  -  |  (d)  4 a  -  3b 

<  IIT,  1987 


20.  The  Poisson’s  ratio  of  a  material  is  0.4.  If  a  force  is 
applied  to  a  wire  of  this  material,  there  is  a  decrease 
of  cross-sectional  area  by  2%.  The  percentage 
increase  in  its  length  is  : 

(a)  3%  (b)  2.5% 

(c)  1%  (d)  0.5% 

21.  Fig.  10.8  shows  a  graph  of  the  extension  (Al)  of 
a  wire  of  length  1  m  suspended  from  the  top  of  a 
roof  at  one  end  and 

with  a  load  W  con-  A/x10^(m) 

nected  to  the  other  / 

4 - -/ 

end.  If  the  cross- 

sectional  area  of  the  //  ; 

wire  is  10~6  m2,  the  ! 

Young’s  modulus  of  - ' - *  tV(N) 

the  material  of  the  °  8 

wire  is  f'9-  10-8 

(a)  2  x  1011  N/m2  (b)  2  x  10~n  N/m2 

(c)  3  x  1012  N/m2  (d)  3  x  10~12  N/m2 

<  IIT,  2003 

22.  A  light  rod  of  length  L  is  suspended  from  a  support 
horizontally  by  means  of  two  vertical  wires  A  and 
B  of  equal  length  as  shown  in  Fig.  10.9.  The  cross- 
sectional  area  of  A  is  half  that  of  B  and  the  Young’s 
modulus  of  A  is  twice  that  of  B.  A  weight  W  is  hung 
as  shown.  The  value  of  x  so  that  W  produces  equal 
stress  in  wires  A  and  B  is 


L  L 

(a)  -  <b)  - 


w 

Fig.  10.9 

23.  In  Q.  22  above,  the  value  of  x  at  which  W produces 
equal  strain  in  wires  A  and  B  is 
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24.  A  wire  breaks  when  subjected  to  a  stress  S.  If  p  is 
the  density  of  the  material  of  the  wire  and  g,  the 
acceleration  due  to  gravity,  then  the  length  of  the  wire 
so  that  it  breaks  by  its  own  weight  is 


(c)  -  (d)  1  +  Blp 

1  -  pi B 

21.  A  thin  uniform  metallic  rod  of  mass  M  and  length  L 
is  rotated  with  a  angular  velocity  co  in  a  horizontal 
plane  about  a  vertical  axis  passing  through  one  of 
its  ends.  The  tension  in  the  middle  of  the  rod  is 


(a)  pgS 


(b) 

(d) 


RK 

S 

PS 


25.  A  stone  of  mass  m  is  attached  to  one  end  of  a  wire  of 
cross-sectional  area  A  and  Young’s  modulus  Y.  The 
stone  is  revolved  in  a  horizontal  circle  at  a  speed  such 
that  the  wire  makes  an  angle  6  with  the  vertical.  The 
strain  produced  in  the  wire  will  be. 


(a) 


mg  cos  6 
AY 


(b) 


mg 

AY  cos  6 


/  ^  mg  sin  6 

(C) 

AY 


(d) 


mg 

AY  sin  9 


26.  The  density  of  a  metel  at  a  normal  pressure  is  p.  Its 
density  when  it  is  subjected  to  an  excess  pressure p 
is  p'.  If  B  is  the  bulk  modulus  of  the  metal,  the  ratio 
p'/p  is 


(a) 

(c) 


—  ML  or 
2 

-MLar 

8 


(b)  -MLar 
4 

(d)  -MLar 
8 


28.  A  rubber  cord  of  mass  M,  length  L  and  cross-sec¬ 
tional  area  A  is  hung  vertically  from  a  ceiling.  The 
Young’s  modulus  of  rubber  is  Y.  If  the  change  in 
the  diameter  of  the  cord  due  to  its  own  weight  is 
neglected,  the  increase  in  its  length  due  to  its  own 
weight  is 


(a) 

(c) 


MgL 

AY 

2MgL 

AY 


(b) 


MgL 
2  AY 


(d) 


MgL 
4  AY 


29.  The  volume  of  a  wire  remains  unchanged  when  the 
wire  is  subjected  to  a  certain  tension.  The  Poisson’s 
ratio  of  the  material  of  the  wire  is 


(a) 


1 

1-p/B 


(b) 


(a)  0.25 
(c)  0.4 


(b)  0.3 
(d)  0.5 


ANSWERS 


1.  (a) 

2.  (b) 

3.  (b) 

4.  (c) 

5.  (b) 

6.  (d) 

7.  (a) 

8.  (a) 

9.  (b) 

10.  (c) 

11.  (b) 

12.  (d) 

13.  (a) 

14.  (b) 

15.  (c) 

16.  (c) 

17.  (d) 

18.  (d) 

19.  (b) 

20.  (b) 

21.  (a) 

22.  (c) 

23.  (b) 

24.  (d) 

25.  (b) 

26.  (a) 

27.  (d) 

28.  (b) 

29.  (d) 

SOLUTIONS 


1.  Extension  A  L  = 


FL 

AY 


4  FL 
nd2Y 


Since  the  wires  are  made  of  the  same  material,  Y  is 
the  same  for  all  wires.  For  a  given  tension  F, 

A  L  — 
d2 


The  value  of  —  is  the  largest  for  L  =  50  cm  and 
d  =  0.5  mm.  ^ 

2.  Energy  stored  per  unit  volume  =  —  (stress  X  strain). 
If  A  is  the  cross-sectional  area  of  the  wire,  the  total 
energy  store  in  the  wire  is 


U  =  —  (stress  X  strain)  X  volume  of  wire 

1  F  l  AT 

=  -  x—  x  —x  AL 

2  A  L 

=  -  FI 

2 

3.  Energy  gained  by  the  wire  is 

U \  =  —  FI  =  —  mgl 
2  2 


1 


=  -  x  2  x  10  x  (1  x  10  3)  =  0.01  J 
2 
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Gravitational  P.E.  lost  by  the  mass  is 
U2  =  mgh  =  2  x  10  x  (1  x  10"3)  =  0.02  J 
Hence  the  correct  choice  is  (b). 

_  _  0.015 

V 


7  AV 

4.  AP  =  107  Pa 


Bulk  modulus  B  = 


100 

AP 

AVIV 


=  -1.5  x  10" 


10' 


5.  V  =  L? .  Therefore 


-1.5x10" 


=  6.67  x  1010  Nm"2 


—  =  —  =  3  x  (-  1%)  =  -  3% 


B  = 


6.  AL  = 


AV 

V 

AP 


10° 


AVIV  -3% 
FL  4  FL 


=  3.33  x  107  Nm"2 


AY  nd2Y 


Since  F  and  Y  are  the  same  for  wires  A  and  B, 


(AL) 


A  _ 


(A  L)t 


\Lb 


d b 

\dA  ) 


1  ( i  v  i 

=  -  X  -  =  - 

2  v  2  y  8 


7.  When  a  wire  of  length  L,  cross-sectional  area  A 
and  Young’s  modulus  Y is  stretched  with  a  force  F, 
the  extension  /  in  the  wire  is  given  by 

/  =  — 

AY 

Since  F  and  A  are  the  same  for  the  two  wires,  we 
have 

4  =  FL' 


For  copper  wire 
For  steel  wire, 


l  = 


AYC 
FL „ 


AY 


4=4  ^ 

L„  Y 


=  1  mm  x 


0.5  m 
1.0  m 


f  1.0  x  10uNm"2  ^ 


2.0  x  10nNm"2 


=  0.25  mm 

Total  extension  =  1  +  0.25  =  1.25  mm. 
Hence  the  correct  choice  is  (a). 

F  L 

8.  Young’s  modulus  7= - 

A  I 

^  ,  F  YA 

Force  constant  k  =  —  = - 

/  L 

where  /  is  the  extension  in  the  spring  of  original 
length  L  and  cross-sectional  area  A  when  a  force  F 


=  Mg  is  applied.  Now,  the  time  period  of  vertical 
oscillations  is  given  by 


T2  K  V  2 
Hence  the  correct  choice  is  (a). 

9.  Work  done  per  unit  volume  of  the  wire 


=  |  (stress  x  strain). 


7  = 


stress 


strain 

stress  =  7  X  strain 
.’.  Work  done  per  unit  volume 

1  ,  1 

=  —  x  7  x  (strain)  =  —  x  7  x  |  — 
2  2 


But,  volume  of  the  wire  =  AxL 
Work  done  =  —  x  7  x  f  — 

2  U 


YAxz 


x  A  x  L 


2  L 


Hence  the  correct  choice  is  (b). 

10.  Pressure  exerted  by  the  piston  on  the  liquid  when 
a  mass  Mis  placed  on  the  piston,  P  =  Mg! A.  This 
pressure  is  exerted  by  the  liquid  equally  in  all  direc¬ 
tions.  Therefore,  the  surface  of  the  sphere  experienc¬ 
es  a  force  P  per  unit  area.  The  stress  on  the  sphere 
is  P  =  Mg! A.  Now,  the  volume  of  the  sphere  is 

V=  ±fE*l 


Due  to  stress,  the  change  in  the  volume  of  the  sphere 
is 


f  4  jiR3^ 


sv  =  s 


.  sv 

Volume  strain  -  = 

V 


J 


=  3*2<5* 

3 


=  4kR28R 
3SR 


R 


By  definition,  bulk  modulus 

stress  _  M  g  /A 


or 


K  = 

strain 
SR  _  Mg 
R 


3  SRIR 


2KA 

Hence  the  correct  choice  is  (c). 

11.  Maximum  stress  =  Young’s  modulus  x  maximum 
strain 

=  2  x  1011  x  10"3  =  2x10®  Nm"2 


Elasticity  10.11 


Maximum  force  (F)  =  maximum  stress  X  area 
=  2  x  108  x  3  x  liT6  =  600  N 


F 

Maximum  mass  =  — 
choice  (b).  S 


600 

10 


=  60  kg,  which  is 


12.  Figure  10.10  shows  a  rubber  eraser  ABCD  clamped 
at  end  A  B  and  a  horizontal  F  applied  at  the  free  face 
DC  resulting  in  a  displacement  DD'  =  CC' .  The 
shear  angle  is  given  by 

DD' 


tan  9  = 


D' 


AD 
*■  c 


C' 


Fig.  10.10 


Since  9  is  small,  tan  9=  9  = 


DD' 

AD 


Area  of  top  face  =  3  cm  x  1  cm 

=  3  cm2  =  3  x  1(T 

a,  •  F  2.4 

Shearing  stress  =  —  =  - T 

A  3  x  10-4 

=  8  x  103  NirT2 


m" 


Shear  angle  9  = 


shearing  stress 
shear  modulus 


8x10 
1.6  xlO5 


=  0.05  rad 


DD' 

or  -  =  0.05  or  DD'  =  0.05  X  AD 

AD 

=  0.05  x  8  cm  =  0.4  cm  =  4  mm 
Hence  the  correct  choice  is  (d). 

13.  Pressure  at  the  surface  of  the  ocean  =  P0,  the  atmos¬ 
pheric  pressure.  Pressure  at  a  depth  =  nP0  (given). 
.'.  Increase  in  pressure  (AP)  =  nP0  -  P0 
=  (n  -  1  )P0 

Let  Vbe  the  volume  of  a  certain  mass  Mof  water  at 
the  surface,  so  that  M=  pV.  The  decrease  in  volume 
under  pressure  AP  is 


AV  = 


V  A  P 
B 


Volume  of  the  same  mass  M  of  water  at  the 
given  depth  is 

V  AP 


V'  =  V  -  AV  =  V  - 


B 


,  A  P\  V 


Density  of  water  at  that  depth  is 
,_M_pV 


pV 


V'  V'  v 
B 


(. B  -  AP) 


pB  _  pB 


B-AP  B  —(n  —  1  )P0 

Hence  the  correct  choice  is  (a). 

14.  Since  the  rod  is  uniform,  half  its  weight  can  be 
taken  to  act  at  its  mid-point.  Therefore,  stress  at 
mid-point  is 

weight  of  suspended  mass  +  weight  of  half  the  rod 


cross-sectional  area 


1 


MS  +  gMS  3  M 


g 


2  A 


,  which  is  choice  (b). 


15.  Young’s  modulus  Y=  StlCSS  =  —  ,  where  £=  — 

strain  e  L 

Now,  if  the  temperature  of  a  rod  is  increased  by  9, 
the  increase  in  its  length  due  to  thermal  expansion  is 
l  =  aLO 

Strain  e=  —  =  a  0.  Now  stress  is 
L 

a  =  Ye  =  Ya6 

For  the  two  rods,  the  stress  is 

cr1  =  Ylal  9  and  <j2  =  Y2a2  9 

But  <7,  =  a2  (given).  Hence  Yxax  9  =  Y2a2  9 

Y,  3  TT  ,  ,  .  .  ,  . 

or  —  =  =  —  .  Hence  the  correct  choice  is  (c). 

Y2  a i  2 

16.  Since  the  wire  is  uniform,  i.e.  its  mass  per  unit 
length  is  constant  over  its  entire  length  L,  the 
total  donward  weight  =  the  weight  of  the  sus- 

3  l 

pended  mass  +  weight  of  length  —  of  the  wire  or 

3  W  4 

F=W,+  - . 

A  A 


Stress  = 


force  F 


W,  +  —  W 
1  4 


area  S  S 

Hence  the  correct  choice  is  (c) 
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17. 


A  L 
L 

A  V 
V 


stress 

7 

0.02 

Too 


5  x  107 
_  2xlOn 

=  2  x  1 0~4 


2.5  x  10  4.  Given 


Now,  V  =  nr'L.  Therefore, 

AV  _  A  (nr2  L)  _  2nr  A  rL  +  nr2L  AL 
V  nr2  L  n r2  L 


-  Ar  AL 

~  2 —  + - 

r  L 


or 


2  Ar 
r 


AV 

V 


-  =  2  x  10^  -  2.5  x  10~4 

L 

=  -  0.5  x  10~4 


or  —  =-  0.25  x  lO^4 
r 

Fractional  decrease  in  r  =  0.25  x  10  4  which  is 
choice  (d). 

18.  Potential  energy  stored  in  the  spring  when  it  is  ex¬ 
tended  by  x  is 


U,  =  —  he 
2 

Potential  energy  stored  in  the  spring  when  it  is  fur¬ 
ther  extended  by  y  is 

u2  =  \  k(x  +  yf 


i  ,  i  , 

.-.  Work  done  =  U2  -  Ul  =  —  k(x  +  y)  -  —  kx “ 

=  -  ky(2x  +  y) 

19.  If  L  is  the  initial  length,  then  the  increase  in  length 
by  a  tension  F  is  given  by 


/  = 

FL 

nr2Y 

Hence 

a  = 

4  l 

L  +  1  L  +  L  +  4c 

nrY 

(1) 

and 

b  = 

r  9  L  ,  , 

L  +  L  +  5c 

_  v 

(2) 

nrY 


where  c  =  — — .  Solving  (1)  and  (2)  for  L  and 
nr~Y 

c,  we  get  L  =  5a  -  4b  and  c  =  b  -  a.  For  F  = 
9N,  we  have 

x  =  L  +  =  L  +  9c 

K  rY 

=  (5a  —  4b)  +  9 (b  -  a)  =  5b  -  4a 
Flence  the  correct  choice  is  (b). 


20.  Poisson’s  ratio  is  defined  as 


<7  = 


A did  A  / 

-  or  — 

Al/l  I 


Ad  Id 


(i) 


where  d  is  the  diameter  and  /  is  the  length  of  the 
wire.  The  area  of  cross-section  is 

2  nd2 
A  =  Jtr  =  - 


or  log  A  =  log  +  2  log  d 

Differentiating,  we  have 
AA  _  Ad 
A  d 


or 


Ad 

T T 


1  AA 

2  ~A 


—  = - =  -  x  2%  =  1% 


AA 

(v  —  =  2%,  given) 
A 


Using  this  in  (i)  we  have 

"  -  “  -  2.5% 

/  0.4 

Flence  the  correct  choice  is  (b). 


(v  (7=  0.4) 


force  W  A  l 

21.  Stress  =  - =  —  .  Strain  =  —  .  Young’s  modu- 

area  A  l 


lus  is  given  by 

stress 


7  = 


strain 


WjA__W_  l_ 
Al/l  ~~AlX^i 

-4 


(i) 


XT  1  f  ,  •  A/  4x10 

Now,  slope  ot  graph  is  —  = - 

W  80 


m/N.  Using 


this  in  (i),  we  get  (given  /  =1  m  and  A  =  10  6  nr) 
80  1 


7  = 


4  x  10~ 


10" 


=  2  x  1011  N/m2 


22.  Let  Ta  and  TB  be  the  tensions  in  wires  A  and  B 
respectively.  If  aA  and  aB  are  the  respective  cross- 
sectional  areas,  then 

T 

Stress  in  wire  A  =  — 


Stress  in  wire  B  =  — 


The  stress  in  wires  A  and  B  will  be  equal  if 

Ta  Tb  Ta  aA  i 

—  =  —  or  —  =  —  =  A  (given). 

aA  °b  Tb  aB  2 

Since  the  system  is  in  equilibruim,  the  moments 

of  forces  TA  and  TR  about  C  will  be  equal  (see 
Fig.  10.3),  i.e. 

TA  x  x  =  T B  x  (L  —  x) 
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or 


L—x 


2  L 


1  L—x 

or  —  =  - 

2  x 


which  gives  x  =  — .  Hence  the  correct  choice 
is  (c).  3 


23.  Strain  = 


Stress 


T 

aY 


Young’s  modulus 
Strain  in  wires  A  and  B  will  be  equal  if 


aAY. 


A1  A 


aB  ^ B 


or 


Ta  Ya  aA  1 

—  =  —  x  —  =2x  -  =  1 
Yb 


‘  B  ‘  B  UB  ^ 

which  gives  TA  =  TB.  Equating  moments  about  C,  we 
have 

Ta  x  x  =  Tb  X  (L  —  x) 

Which  gives  x  =  L  —x  orx  =  —  (v  TA  =  TB).  Hence 
the  correct  choice  is  (b). 

24.  Let  L  be  the  required  length  of  wire.  If  A  is  its  area 
of  cross-section  and  p  is  the  density  of  its  material, 
the  weight  of  the  wire  is 

W  =  mg  =  Al  pg 

Stress  .'^.^PJL.Lpg 
area  A 

or  S  =  Lpg  =>  L  =  S/pg 

25.  Refer  to  Fig.  10.1 1.  For  vertical  equilibruim 

T  cos  6  =  mg 


or 


T=  ms 


cos  0 


If  L  is  the  original  length  of  the  wire,  the  increase  in 
length  is 

TL 


1  = 

AY 

l  T 

Strain  =  —  =  - 

L  AY 


mg 


AYcosO 


26.  Let  ['be  the  volume  of  the  metal  at  normal  pressure. 
P 


From  B  = 


,  the  decrease  in  the  volume  when 


AVIV 

the  metal  is  subjected  to  an  excess  pressure p  is  given 
by 

\AV\  = 

B 

New  volume  of  metal  is  V’  =  V-  =  V  f  1  -  — 


B 


B 


Now  mass  of  the  metal  is  m  =  pV.  Therefore,  its  new 
density  is 

,  m  pV  _  p 


Fl- 


B 


1- 


B 


1 


or 


1  -p/B 


,  which  is  choice  (a). 


27.  Let  m  be  the  mass  per  unit  length  of  the  rod.  Then 
M=  mL. 

Consider  a  small  element  of  length  dx  located  at  C 
at  a  distance  x  fromH.  (Fig.  10.12) 


The  mass  of  element  of  length  dx  =  mdx.  The 
centripetal  force  at  C  is 

dF  =  {mdx)  xor  (1) 

The  force  (or  tension)  at  point  C  is  due  to  the  outer 
portion  CB  of  the  rod,  i.e.  portion  from  x  =  x  to 
x  =  L.  Therefore  tension  at  point  C  is 


x=L 


F  =  J  {mdx)  xor 

x=x 

x=L  i 

J  xdx  =—  mar{L2  —  x2) 


=  moj 


Now,  m  =  —  .  Therefore, 
L 


F  = 


1  M  2  /r2  2\ 

- or  (  L  -  x  ) 

2  L 


-  ML  or 
2 


( 


J.  \ 


1-- 
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If  r  is  the  radius  of  the  rod  and  p  its  density,  the 
mass  of  the  rod  M=  nr2Lp.  Therefore, 


F  =  —  m-2pL2ar 
2 


f  x- ^ 
V  L  J 


(2) 


Thus  the  tension  in  the  rod  varies  with  x,  it  is  zero 
at  x  =  L,  i.e.  at  point  B  and  maximum  at  x  =  0,  i.e. 
at  A  where  the  rod  is  pivoted. 

Tension  in  the  middle  \  x  =  —  of  the  rod  is 

2 


F'  =  ^  nrpL2or 
=  -  nr  pi}  or 


dy 


Thus  the  correct  choice  is  (d). 

28.  Let  Mbe  the  mass  of  the  /////{///////{//// 

rubber  cord,  L  its  length, 

A  its  cross-sectional  area 
(assumed  constant).  Let 
us  first  find  the  elonga¬ 
tion  dl  of  an  element  AB 
of  length  dy  at  a  distance 
y  from  the  fixed  end 
(Fig.  10.13).  The  force 
due  to  the  weight  of  the 
cord  is  maximum  at  P(y 
=  0)  and  zero  at  Q(y  = 

L).  Therefore,  the  force 

acting  at  the  lower  end  Fi9-  '|0  '|3 

B  of  the  element  is 

F-lfiL-y) 


P 

A 

B 

i 

F 

Q  -- 

(1) 


This  force  is  responsible  for  the  elongation  of  ele¬ 
ment  AB.  Now 

stress  F!  A  Fdy 


or 


Y  = 

dl  = 


strain  dl/dy  Adi 
Fdy 
AY 


(2) 


Using  Eq.  (1)  in  Eq.  (2),  we  get 

dl  =  (L  -  y)dy 

LAY 


To  obtain  the  total  elongation  /  of  the  cord,  we 
integrate  from  y  =  0  to  y  =  L .  Thus 

Mg  L 


I  = 


j  di- 

Mg 


LAY 


J  {L  -  y)  dy 


LAY 


Mg 


LAY 


( 

L2-- 
2  J 


MgL 
2  AY 


The  correct  choice  is  (b). 

29.  Poisson’s  ratio  a  is  defined  as 

lateral  strain 


a  = 


A  r/r 

longitudinal  strain  A// / 

where  r  is  the  radius  of  the  wire  and  /  its  length  and 
A r  is  the  change  in  r  and  A /  the  change  in  /  when 
the  wire  is  subjected  to  tension. 

Volume  of  wire  before  elongation  is 
V1  =  nr2 1 

Volume  of  wire  after  elongation  is 

V2  =  n(r  -  A r)2  (/  +  A/) 

Given  V,  =  V2.  Thus 

7 zr2l  =  n{r  -  A r)2  (/  +  A/) 

=  n[r2  -  2r(Ar)  +  (A r)2]  (/  +  A/) 

=  nr2{l  +  A/)  -  2  nr  A r  (l  +  A i) 

+  n(Ar)2  (/  +  A l) 

Since  A r  and  A /  are  very  small,  terms  of  order  A r 
A /  and  (A r)2  and  higher  can  be  ignored.  Then,  we 
have 

nr2 1  =  nr2 1  +  nr2Al  —  2  nrl  A r 


or 


rAl  =  2  lAr  or 


A /  „  Ar 

—  =2  — 
/  r 


A  r/r  1 

(7=  -  =  _  =  0.5, 

Al/l  2 


which  is  choice  (d). 


Elasticity  10.15 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Figure  10.14  shows  the  stress-strain  graphs  for  ma¬ 
terials  A  and  B. 


Q 


5. 


6. 


2. 


3. 


4. 


From  the  graph  it  follows  that 

(a)  material  A  has  a  higher  Young’s  modulus 

(b)  material  B  is  more  ductile 

(c)  material  A  is  more  brittle 

(d)  material  A  can  withstand  a  greater  stress. 
Two  wires  A  and  B  have  the  same  cross-section 
and  are  made  of  the  same  material,  but  the  length  of 
wire  A  is  twice  that  of  B.  Then,  for  a  given  load 

(a)  the  extension  of  A  will  be  twice  that  of  B 

(b)  the  extensions  of  A  and  B  will  be  equal 

(c)  the  strain  in  A  will  be  half  that  in  B 

(d)  the  strains  in  A  and  B  will  be  equal. 

Two  wires  A  and  B  have  equal  lengths  and  are  made 
of  the  same  material,  but  the  diameter  of  wire  A  is 
twice  that  of  wire  B.  Then,  for  a  given  load 

(a)  the  extension  of  B  will  be  four  times  that  of  A 

(b)  the  extensions  of  A  and  B  will  be  equal 

(c)  the  strain  in  B  is  four  times  that  in  A 

(d)  the  strains  in  A  and  B  will  be  equal. 

In  Q.  3,  above 

(a)  Young’s  modulus  of  A  is  twice  that  of  B 

(b)  Young’s  modulus  is  the  same  for  both  A  and  B 


7. 


(c)  A  can  withstand  a  greater  load  before  break¬ 
ing  than  B 

(d)  A  and  B  will  withstand  the  same  load  before 
breaking 

Choose  the  correct  statements  from  the  following: 

(a)  Steel  is  more  elastic  than  rubber. 

(b)  The  stretching  of  a  coil  spring  is  determined 
by  the  Young’s  modulus  of  the  wire  of  the 
spring. 

(c)  The  frequency  of  a  tuning  fork  is  determined  by 
the  shear  modulus  of  the  material  of  the  fork. 

(d)  When  a  material  is  subjected  to  a  tensile 
(stretching)  stress,  the  restoring  forces  are 
caused  by  interatomic  attraction. 

A  uniform  wire  of  Young’s  modulus  Y  is  stretched 
by  a  force  within  the  elastic  limit.  If  S  is  the  stress 
produced  in  the  wire  and  e  is  the  strain  in  it,  the  po¬ 
tential  energy  stored  per  unit  volume  is  given  by 


(a) 

(c) 


(b)  -  Ye2 
2 

(d)  -TeS 
2 


A  wire  AB  of  length  2/  and  cross-sectional  area  a 

is  stretched  without  tension  between  fixed  points  A 

and  B  (Fig.  10.15).  The  wire  is  pulled  at  the  centre 

into  shape  ACB  such  that  d  «  /.  The  tension  in  the 

string  is  T  and  the  strain  produced  in  it  is  e.  If  the 

Young’s  modulus  of  the  material  of  wire  is  Y.  Then 

,  ,  d  d 2 

<a)£-- 


(d\ 

(c)  T=aY\  —  \ 

\2l 


(d) 


T  = 


ANSWERS  AND  SOLUTIONS 


1.  The  slope  of  the  linear  portion  of  the  curve  gives 
the  Young’s  modulus  of  the  material.  The  slope  of 
the  linear  portion  OP  for  material  A  is  greater  than 


that  of  the  linear  portion  OR  for  material  B.  Hence 
statement  (a)  is  correct.  The  plastic  region  for 
material  A  (from  P  to  Q)  is  greater  than  that  (from 
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R  to  S )  for  material  B,  which  indicates  that  ma¬ 
terial  A  is  more  ductile.  Hence  statement  (b)  is 
incorrect.  The  breaking  stress  for  material  B  (i.e. 
stress  corresponding  to  point  S)  is  less  than  that  for 
ma-terial  A  (i.e.  stress  corresponding  to  point  Q), 
which  implies  that  material  B  can  break  move  eas¬ 
ily  than  material  A.  Thus  material  B  more  brittle. 
Hence  choice  (c)  is  also  incorrect.  Material  A  is 
stronger  than  material  B  because  it  can  withstand  a 
greater  stress  before  it  breaks.  The  breaking  stress 
is  the  stress  corresponding  to  point  Q  for  material 
A  and  to  point  S  for  material  B.  Hence  the  correct 
choice  are  (a)  and  (d). 

2.  We  know  that 


7  = 


/  = 


FL 

~Al 

FL 

AY 


Since  the  two  wires  are  made  of  the  same  material, 
the  Young’s  modulus  7  is  the  same  for  both.  Since 
load  F  and  the  cross-sectional  A  are  the  same, 
l  oc  L 

i.e.  extension  is  proportional  to  the  length  of  the 
wire.  Hence  choice  (a)  is  correct.  The  strain  in  a 
wire  is  given  by 

L=  JL 

L  AY 

Since  F,  A  and  7  are  the  same,  the  strain  in  wires 
A  and  B  will  be  equal.  Thus  the  correct  choices  are 
(a)  and  (d). 

3.  Area  of  cross-section  A  =  7Tc/2/4;  where  d  is  the 
diameter  of  the  wire.  Therefore 
AFL 


1= 


nd2Y 


Since  F,  L  and  7  are  the  same  for  wires  A  and  B, 
1  oc  1  /d2,  i.e.  the  extension  is  inversely  proportional 
to  the  square  of  the  diameter.  Hence  choice  (a)  is 
correct.  The  strain  is 

1__  4  F 

L  nd2Y 

Thus,  strain  «  1  Id2.  Hence  the  correct  choices  are 
(a)  and  (c). 

4.  Since  wires  A  and  B  are  made  of  the  same  material 
they  have  the  same  Young’s  modulus.  Now  break¬ 


ing  load  =  breaking  stress  x  cross-sectional  area, 
the  wire  having  a  greater  area  of  cross-section  can 
withstand  a  greater  load.  Hence  the  correct  choices 
are  (b)  and  (c). 

5.  Statement  (a)  is  correct  because  the  Young’s  modu¬ 
lus  of  steel  is  greater  than  that  of  rubber.  Statement 
(b)  is  incorrect.  If  a  spring  is  stretched,  the  total 
length  of  the  wire  in  the  coil  and  the  volume  of 
the  wire,  both  do  not  change.  Only  the  shape  of 
the  coils  of  the  wire  undergoes  a  change.  Hence  it 
is  the  shear  modulus  that  determines  the  stretch¬ 
ing  of  a  coil.  Statement  (c)  is  also  incorrect.  The 
bending  moment  of  the  prongs  of  a  tuning  fork  is 
determined  by  the  Young’s  modulus  of  its  material. 
Hence  the  restoring  force  on  the  prongs  depends  on 
Young’s  modulus,  which  determines  the  frequency 
of  the  fork.  Statement  (d)  is  correct.  When  the  ma¬ 
terial  is  not  subjected  to  any  stress,  its  atoms  are  in 
their  normal  (equilibrium)  positions.  When  a  ten¬ 
sile  stress  is  applied,  the  separation  R  between  the 
atoms  becomes  greater  than  the  equilibrium  sepa¬ 
ration  R0.  For  R  >  R0,  the  interatomic  forces  are 
attractive. 

6.  The  correct  choices  are  (a),  (b)  and  (c). 

7.  AC  +  CB  =  2  AC  =  2{J2  +  d2)112.  Increase  in  length 
is 

A L=AC+CB-AB  =  2 (I2  +  d2)m  -  21 


Stress  =  — . 


Strain  = 


A  L 


2  (I2  +d2)V2 -21 


21 


lfd«l,(l2  +  d2)m  =  l  1  + 


Therefore 


d2 


1/2 


2(ll  +  d2)112  -  21  =  21 


1  + 


dr_ 
2 12 


=  1  1  + 


d 2 


2  A 


d_ 

2 12  J 


21  =  —  .  Thus 
1 


„  .  A  L  dz 

Strain  =  -  =  — - 

L  2 12 


Now 


or 


7  = 


stress 


T/a 


strain  d2!212 


T  =  a  Y 


d ^ 

2 12  J 


Hence  the  correct  choices  are  (b)  and  (d). 
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Multiple  Choice  Questions  Based  on  Passage 
Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 


Elasticity:  The  atoms  in  solids  are  held  together  by  inter¬ 
atomic  forces.  The  average  locations  of  the  atoms  in  a 
lattice  do  not  change  with  time.  Since  the  atoms  are  almost 
lacking  in  mobility,  their  kinetic  energy  is  negligibly  small. 
It  is  this  lack  of  mobility  which  makes  a  solid  rigid.  This 
rigidity  is  the  cause  of  elasticity  in  solids.  In  some  solids 
such  as  steel,  the  atoms  are  bound  together  by  larger  inter¬ 
atomic  forces  than  in  solids  such  as  aluminium.  Thus,  the 
elastic  behaviour  varies  from  solid  to  solid.  Even  fluids 
exhibit  elasticity.  All  material  bodies  get  defonned  when 
subjected  to  a  suitable  force.  The  ability  of  a  body  to  regain 
its  original  shape  and  size  is  called  elasticity.  The  deform¬ 
ing  force  per  unit  area  is  called  stress.  The  change  in  the 
dimension  (length,  shape  or  volume)  divided  by  the  original 
dimension  is  called  strain.  The  three  kinds  of  stresses  are 
tensile  stress,  shearing  stress  and  volumetric  stress.  The 
corresponding  strains  are  called  tensile  strain,  shearing 
strain  and  volume  strain.  According  to  Hookes’  law,  within 
the  elastic  limit  stress  is  proportional  to  strain.  The  ratio 
stress/strain  is  called  the  modulus  of  elasticity. 

1.  Figure  10.16  is  the  load-extension  curve  for  a 
metallic  wire.  Over  which  region  is  Hookes’  law 
obeyed? 

(a)  OA  (b)  AB 

(c)  BC  (d)  CD 


Fig.  10.16 


ANSWERS 

1.  Hooke’s  law  is  obeyed  in  the  linear  portion  of  the 
graph.  Hence  the  correct  choice  is  (a). 

2.  The  correct  choice  is  (b). 


2.  In  Q.l  above,  the  metal  shows  plastic  behaviour 
beyond  point 

(a)  A  (b)  B 

(?)  C  (d)  D 

3.  Figure  10.17  shows  the  strain-stress  graphs  for 
materials  A  and  B.  From  the  graph  it  follows  that 

(a)  material  A  has  a  higher  Young’s  modulus  than 
B. 

(b)  material  B  has  a  higher  Young’s  modulus  than 
A. 

(c)  for  a  given  strain,  material  B  can  withstand 
greater  stress  than  A. 

(d)  for  a  given  stress,  the  strain  produced  in 
material  B  is  more  than  that  in  material  A. 


Fig.  10.17 


4.  Choose  the  correct  statements  from  the  following. 

(a)  Steel  is  more  elastic  than  rubber. 

(b)  Fluids  have  Young’s  modulus  as  well  as  shear 
modulus. 

(c)  Solids  have  Young’s  modulus,  bulk  modulus 
as  well  as  shear  modulus. 

(d)  Bulk  modulus  of  water  is  greater  than  that  of 
copper. 


3.  Young’s  modulus  = - ,  which  is,  therefore,  given 

Strain 

by  the  reciprocal  of  the  strain  versus  stress  graph.  The 
correct  choices  are  (b)  and  (c). 

4.  The  correct  choices  are  (a)  and  (c). 
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Questions  5  to  7  are  based  on  the  following  passage 
Passage  II 

Two  rods  P  and  Q  of  different  metals  having  the  same 
area  A  and  the  same  length  L  are  placed  between  two  rigid 
walls  as  shown  in  Fig.  10.18.  The  coefficients  of  linear 
expansion  of  P  and  Q  are  ax  and  a2  respectively  and  their 
Young’s  modulii  are  Yx  and  Y2.  The  temperature  of  both 
rods  is  now  raised  by  T  degrees. 


5.  The  force  exerted  by  one  rod  on  the  other  is 
=  TA(ax  +a2) 

f  i  n 

(b)  F=TA  Yx  Y2(a{  +  a2) 

(c)  F  =  TA ( Yx  +  Y2)ala2 

SOLUTION 


(d)  None  of  these 
6.  The  new  length  of  the  rod  P  is 

F 


(a)  Lx=  L 

(b)  Lx  =  L 

(c)  LX=L 

(d)  Lx  =  L 


1  +  CC\  T  + 

AYu 

F 

1  —  (XyT  H - 

AYX_ 

F 

1  4-  (X]T - 

AYX_ 

\-a,T  — — 

1  AY, 


7.  The  new  length  of  rod  Q  is 

F 


(a)  L2  =  L 

(b)  L2  =  L 

(c)  L2  =  L 

(d)  L2  =  L 


1  +  cc2T  - 


AY, 


1  —  cc2T  + 


F 

AY , 


1  +  oc2T  — 


F 


AY \ 


2  J 


1  -  a2T  - 


F 


ay ; 


2  J 


ALx=LaxT  and  A L2  =  La2T 

A  Lx  +  A L2  =  LT(ax  +  a2)  (1) 

Since  the  walls  are  rigid,  this  increase  in  length  cannot 
occur.  Hence  a  force  F  appears  between  them.  The  decrease 
in  length  of  the  rods  due  to  this  force  is 


5. 


6. 


a  l; 


FL 

Y^A 


and 


AZ2'  = 


FL 

hA 


A  L[  +  AL2 


^  {Y1  Y2J 


(2) 


7. 


Since  the  total  length  cannot  change,  the  increase  in 
total  length  due  to  heating  =  decrease  in  total  length 
due  to  the  compressive  force  F.  Equating  (1)  and 
(2),  we  find  that  the  correct  choice  is  (a). 

New  length  of  rod  P  =  original  length  +  increase  in 
length  due  to  heating  -  decrease  in  length  due  to  F. 
Hence. 

FL 

L i  —  L  +  L(x,T  —  - 

1  1  AYX 

So  the  correct  choice  is  (c). 

The  correct  choice  is  (c). 


Questions  8  to  11  are  based  on  the  following  passage 
Passage  III 


One  end  of  a  string  of  length  L  and  cross-sectional  area 
A  is  fixed  to  a  support  and  the  other  end  is  fixed  to  a  bob 
of  mass  m.  The  bob  is  revolved  in  a  horizontal  circle  of 
radius  r  with  an  angular  velocity  co  such  that  the  string 
makes  an  angle  0  with  the  vertical. 

8.  The  angular  velocity  co  is  equal  to 


(a) 

|  g  sin  0 
v  r 

(b) 

(c) 

1  g  tan  6 

V  r 

(d) 

gcos0 


gcot0 


9.  The  tension  T  in  the  string  is 


(a) 

mg 

(b) 

cos  8 

sm0 

(c) 

mg 

tan  0 

(d)  m(g2  +  r2  co4) 

10.  The  increase  A L  in  length  of  the  string  is 


(a) 


TL 

AY 


(b) 


MgL 
AY  cos  0 


(c) 


MgL 


AY  sin# 

11.  The  stress  in  the  string  is 


(d) 


MgL 

AY 
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(a) 


mg 

A 


(d) 


mg  /  r 
A  \L 


SOLUTION 


Refer  to  Fig.  10.19.  The 
vertical  component  T cos 
9  of  tension  T  balances 
the  weight  mg  and  the 
horizontal  component 
T  sin  9  provides  the 
necessary  centripetal 
force.  Thus 

T  cos  9  =  mg  (1) 

T  sin  9  =  mrOT  (2) 

8.  Dividing  (1)  and 

(2) 

,2 


//////////// 


tan  9  = 


rco~ 


g 


T  cos  0 


Fig.  10.19 


or  co  = 


gtanE 


Hence  the  correct  choice  is  (c). 

9.  From  Eqs.  (1)  and  (2)  we  find  that  the  correct  choic¬ 
es  are  (a)  and  (d). 

„ .  _  T  .A L  stress 

10.  Stress  =  — .  Also  strain  —  =  - 

A  L  Y 

AL,  IL  ,  JSS_  x  J L 

AY  cos  9  AY 

Hence  the  correct  choices  are  (a)  and  (b) 

11.  The  correct  choice  is  (a). 


Questions  12  to  14  are  based  on  the  following  passage 
Passage  IV 

A  thin  rod  of  negligible  mass  and  cross-sectional  area 
4  x  10  6m2,  suspended  vertically  from  one  end,  has  a 
length  of  0.5  m  at  1 00°C.  The  rod  is  cooled  to  0°C.  Young’s 
modulus  =  1011  Nm  2,  coefficient  of  linear  expansion  = 
1 0-5  KT1  and  g  =  1 0  ms  A 

12.  The  decrease  in  the  length  of  the  rod  on  cooling  is 
(a)  2  x  10  An  (b)  3  x  lOAu 

SOLUTION 

12.  The  decrease  in  the  length  of  the  rod  on  cooling  is 

A L  =LocAt  =  0.5  x  10  5  x  100 
=  5x10^  m 
So  the  correct  choice  is  (d). 

13.  If  the  rod  is  to  be  prevented  from  contracting,  the 
mass  m  attached  at  the  lower  end  must  increase  its 
length  by  an  amount  A L  =  5  X  1 0  4  m.  Now 

Y  = 

AAL 


(c)  4  x  10 An  (d)  5  x  10 An 

13.  What  mass  must  be  attached  at  the  lower  end  of  the 
rod  so  that  the  rod  is  prevented  from  contracting  on 
cooling? 

(a)  40  kg  (b)  30  kg 

(c)  20  kg  (d)  10  kg 

14.  The  total  energy  stored  in  the  rod  is 

(a)  0.1  J  (b)  0.2  J 

(c)  0.3  J  (d)  0.4  J 


YAAL  1 01 1  x  4  x  1 0~6  x  5  x  1 0~4 

or  m  =  -  =  - 

gL  10x0.5 

=  40  kg,  which  is  choice  (a). 

14.  Energy  stored  in  the  rod  is 

U  =  —  F  x  A L  =  —  mgAL 
2  2  s 

=  -  x  40  x  1 0  x  5  x  1 0~4 
2 

=  0.1  J. 

Thus  the  correct  choice  is  (a). 


Questions  15  to  17  are  based  on  the  following  passage 
Passage  V 

Two  blocks  of  masses  m  and  M  =  2  m  are  connected  by 
means  of  a  metal  wire  of  cross-sectional  area  A  passing 
over  a  frictionless  fixed  pulley  as  shown  in  Fig.  1 0.20.  The 
system  is  then  released. 


15.  The  common  acceleration  of  the  blocks  is 

(a)  g  ll>!  | 

(c)  A  (d)  5* 

3  2 
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SOLUTION 


16.  The  stress  produced  in  the  wire  is 


(a)  ^ 

A 

(b>  lms 

3  A 

(c)  3",g 

4^4 

(d)  4"'g 

3  A 

If  777  =  1  kg,  A 

=  8  x  1 0  l)  nr,  the  breaking  stress  = 

2  x  109  Nm  2  and  g  =  10  ms  2,  the  maximum  value 

of  Mfor  which  the  wire  will  not  break  is 

(a)  4  kg 

(b)  6  kg 

(c)  8  kg 

(d)  10  kg 

If  a  is  the  common  acceleration  of  the  blocks  and  T  the 
tension  in  the  wire.  Then  the  equations  of  motion  of  the 
blocks  are 

Mg-T  =  Ma  (1) 

and  T  —  mg  =  ma  (2) 

15.  Adding  Eq.  (1)  and  Eq.  (2),  we  get 


Stress  =  — 
A 


4  171  g 

- ,  which  is  choice  (d). 

3  A 


17.  Breaking  stress  is  the  maximum  stress  the  wire  can 
withstand.  From  Eqs.  (1)  and  (2) 

T  =  2  mMg 

(M  +  m) 


( M  —  m)g 
(M  +  m) 

For  M=  2  m,  we  get  a  =  g/3,  which  is  choice  (b). 
16.  From  Eqs.  (1)  and  (2),  T  =  m(g  +  a)  =  m(g  +  g/3) 
=  4  mg/ 3. 


.•.  Breaking  stress  =  —  =  — 

A  A 

Using  the  given  values,  we  get  Mmax  = 
is  choice  (a). 


2  mg 


1  +  - 


m 


4  kg,  which 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

The  length  of  an  elastic  string  of  initial  length  L  is  a 
metre  when  the  tension  is  4  N  and  b  metre  when  the 


tension  is  5  N.  The  length  of  the  string  (in  metre) 
when  the  tension  is  9  N  is  (a  +  b  -  L) 

Statement-2 

The  extension  of  an  elastic  string  is  proportional  to 
the  initial  length  of  the  string. 

2.  Statement-1 

Steel  is  more  elastic  than  rubber. 

Statement-2 

The  Young’s  modulus  of  steel  is  greater  than  that  of 
rubber. 

3.  Statement-1 

The  stretching  of  an  elastic  spring  is  determined  by 
the  shear  modulus  of  the  material  of  the  spring. 

Statement-2 

For  a  given  stretching  force,  the  amount  of  stretching 
depends  on  the  force  constant  of  the  spring. 


Elasticity  10.21 


4.  Statement-1 

Figure  10.21  shows  that  stress-strain  curves  for  two 
different  types  of  rubber.  Rubber  H  rather  than  rub¬ 
ber  B  should  be  used  as  a  car  tyre. 


Statement-2 

Rubber  H  dissipates  larger  amount  heat  energy  than 
rubber  B. 

5.  Statement-1 

Two  wires  A  and  B  have  the  same  cross-sectional 
area  and  are  made  of  the  same  material  but  the 
length  of  wire  A  is  twice  that  of  B.  For  a  given 
load,  the  extension  of  A  will  be  twice  that  of  B. 

Statement-2 

For  a  given  load  the  extension  of  a  wire  is  propor¬ 
tional  to  its  length. 

6.  Statement-1 

Two  wires  A  and  B  have  the  same  cross-sectional 
area  and  are  made  of  the  same  material  but  the 
length  of  wire  A  is  the  twice  that  B.  For  a  given 
load,  the  strain  in  wire  A  is  twice  that  in  B. 

Statement-2 

For  a  given  load,  the  extension  in  a  wire  is  propor¬ 
tional  to  its  length. 

ANSWERS 

1.  The  correct  choice  is  (d).  If  L  is  the  initial  length, 
then  the  increase  in  length  by  a  tension  F  is  given 
by 


nr2Y 

Hence 
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a  L  + 1  L+  L  +  4c  (1) 

m-Y 

and 

b  L  +  L  +  5c  (2) 

nr2Y 

where  c  = 

— .  Solving  (1)  and  (2)  forZ  and  c, 

nr2Y 

we  get  L  = 

5a  —  4b  and  c  =  b  -  a.  For  F  =  9  N,  we 

have 

7.  Statement-1 

Two  wires  A  and  B  have  equal  lengths  and  are  made 
of  the  same  material  but  the  diameter  of  wire  A  is 
twice  that  of  B.  For  a  given  load,  the  extension  of 
B  will  be  four  times  that  of  A. 

Statement-2 

For  a  given  load,  the  extension  of  a  wire  is  inversely 
proportional  to  its  area  of  cross-section. 

8.  Statement-1 

Two  wires  A  and  B  are  made  of  the  same  material. 
The  length  of  wire  A  is  twice  that  of  B  but  the  di¬ 
ameter  of  A  is  half  that  of  B.  For  a  given  load,  the 
strain  produced  in  B  will  be  twice  that  in  A. 

Statement-2 

For  a  given  load,  the  extension  produced  in  a  wire 
is  directly  proportional  to  its  length  and  inversely 
proportional  to  the  area  of  cross-section. 

9.  Statement-1 

When  a  material  is  subjected  to  a  tensile  (stretch¬ 
ing)  stress,  the  restoring  forces  are  caused  by  inter¬ 
atomic  attraction. 

Statement-2 

Restoring  force  is  called  into  play  in  an  elastic  ma¬ 
terial  by  an  inherent  property  of  the  material  and 
not  due  to  interatomic  attraction. 

10.  Statement-1 

When  a  material  is  subjected  to  a  compressional 
stress,  the  restoring  forces  are  caused  by  interatomic 
repulsion. 

Statement-2 

The  atoms  of  a  material  never  repel. 


x  =  L  +  — —  =  L  +  9c 
nrY 

=  (5a  -  4b)  +  9 (b  -  a)  =  5b  -  4a 

2.  The  correct  choice  is  (a). 

3.  The  correct  choice  is  (b).  If  a  spring  is  stretched,  the 
total  length  of  the  wire  of  the  coil  and  the  volume 
of  the  wire,  both  do  not  change.  Only  the  shape  (or 
configuration)  of  the  coils  of  the  wire  undergoes  a 
change.  Hence  the  stretching  of  a  spring  is  not  de¬ 
termined  by  Y oung’s  modulus  or  bulk  modulus.  It  is 
determined  by  the  shear  modulus. 

4.  The  correct  choice  is  (c).  The  area  of  the  hysteresis 
loop  for  rubber  A  much  smaller  than  that  for  rubber 
B.  This  implies  that  rubber  A  dissipates  a  smaller 
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amount  of  heat  energy  than  rubber  B.  Consequent¬ 
ly,  tyres  made  of  rubber  A  will  not  get  heated  to  a 
high  temperature.  This  prevents  wear  and  tear  of 
tyres. 

FL 

5.  A L  =  - .  Since  the  two  wires  are  made  of  the 

AY 

same  material,  the  Young’s  modulus  Y  is  the  same. 
Since  F  and  A  also  the  same,  AL  L.  Hence  the 
correct  choice  is  (a). 

6.  The  correct  choice  is  (d). 

o  •  A L  F 

Strain  =  —  =  - 

L  AY 

Since  F,  A  and  Y are  the  same  for  the  two  wires,  the 
strains  in  them  are  equal. 

7.  Area  of  cross-section  A  =  nd2/4,  where  d  is  the 
diameter  of  the  wire.  Thus 

A T  4F  L  1 

A L  =  - or  A L  oc  — 

Kd2  Y  d2 


Hence  the  correct  choice  is  (a). 

8.  Strain  =  —t—  .  Thus  strain  °c  -5-  . 

L  nd2Y  d2 

Hence  strain  in  B  will  be  four  times  that  in  /).  Thus 
the  correct  choice  is  (d). 

9.  The  correct  choice  is  (c).  When  the  material  is  not 
subjected  to  any  stress,  its  atoms  are  in  their  nor¬ 
mal  (equilibrium)  positions.  When  a  tensile  stress 
is  applied,  the  distance  R  between  atoms  becomes 
greater  than  their  equilibrium  separation  R0.  For 
R  >  R0,  the  interatomic  force  is  attractive  and  this 
force  provides  the  restoring  force  under  which  the 
material  regains  its  original  shape  and  size  when 
the  stress  is  removed. 

10.  The  correct  choice  is  (c).  When  the  material  is 
subjected  to  a  compressional  stress,  R  becomes  less 
than  R0  and  in  this  case  the  interatomic  force  is 
repulsive  which  causes  the  restoring  force. 


Integer  Answer  Type 


1.  A  light  rod  AB  of  length  2m  is  suspended  from  the 
ceiling  horizontally  by  means  of  two  vertical  wires 
as  shown  in  Fig.  10.22.  One  of  the  wires  is  made  of 
steel  of  cross-section  0.1  cm2  and  the  other  of  brass 
of  cross-section  0.2  cm2.  The  Young’s  modulus  of 
brass  is  1.0  x  1011  NnT2  and  of  steel  is  2.0  x  10n 
Nm  2.  A  weight  W  is  hung  at  point  C  at  a  distance 
x  from  end  A.  It  is  found  that  the  stress  in  the  two 

n 

wires  is  the  same  when x  =  —  metre.  Find  the  value 
of  n.  ^ 

<  IIT,  1980 


Fig.  10.22 


2.  In  Q.2  above,  find  the  value  of  x  (in  metre)  so  that 
the  strains  in  the  two  wires  are  the  same. 

<  IIT,  1980 

3.  A  metal  wire  of  negligible  mass,  length  1  m  and 
cross-sectional  area  10~6  m2  is  kept  on  a  smooth 
horizontal  table  with  one  end  fixed  on  the  table.  A 
ball  of  mass  2  kg  is  attached  to  the  other  end  of  the 
wire.  When  the  wire  and  the  ball  are  rotated  with 
angular  velocity  of  20  rad  s  ',  it  is  found  that  the 
wire  is  elongated  by  1 0  2  m.  If  the  Young’s  modulus 
of  the  metal  is  n  x  1011  NnT2,  find  the  value  of  n. 

<  IIT,  1992 

4.  In  Q.10  above,  if  the  angular  velocity  is  gradually 
increased  to  100  rad  s_1,  the  wire  breaks.  If  the 
breaking  stress  is  x  x  101"  NnT2,  find  the  value  ofx. 

<  IIT,  1992 

5.  A  body  of  mass  3.14  kg  is  suspended  from  one  end 
of  a  wire  of  length  10.0  m.  The  radius  of  the  wire 
is  changing  uniformly  from  9.8  x  1 0  1  m  at  one  end 
to  5.0  x  1 0  1  m  at  the  other  end.  Find  the  change  in 
the  length  of  the  wire  in  mm.  Young’s  modulus  of 
the  material  of  wire  is  2  x  1011  NnT2. 

<  IIT,  1994 

6.  Steel  wire  of  length  ‘Z’  at  40°C  is  suspended  from 
the  ceiling  and  then  a  mass  ‘m’  is  hung  from  its  free 
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end.  The  wire  is  cooled  down  from  40°C  to  30°C 

to  regain  its  original  length  ‘L\  The  coefficient  of 

linear  thermal  expansion  of  the  steel  is  10~5/°C, 

11  2 

Young’s  modulus  of  steel  is  10  N/m  and  radius 

SOLUTIONS 


1.  If  Ts  and  Tb  are  the  tensions  in  steel  and  brass  wires, 
then  the  stress  in  them  will  be  the  same  if 

ZL  =  Th  =>  T*  _  4  _  0-1  cm2  _  1 

As  Ah  Th  Ab  0.2  cm2  2 

Since  the  system  is  in  equilibrium,  the  moments  of 
forces  Ts  and  Tb  about  C  will  be  equal,  i.e.  (see  Fig. 
10.23)  ' 

Ts  xx  =  Tb  x  (2  —  x) 


=>  x  =  2(2  -  x)  =>  x 


4 

3 


metre 

(•••  Tb 


Thus  the  value  of  n  =  4 


2  Ts) 


Fig.  10.23 


„  _  .  stress  T 

2.  Strain  =  - = - 

Y  AY 

The  strain  in  the  two  wires  will  be  equal  if 
Ts  _  Th 


T ;  As  Y  0.1  2.0xl0n 

— 1—  =  J  ^  *■>  —  _  ^  _ 

Tb  Ab  Yb  0.2  1.0  xlO11 


Equating  moments  about  C,  we  have 
Ts  x  x  =  Tb  (2  -  x) 

which  gives  x  =  1  metre  ( v  Ts  =  Tb) 

3.  Let  R=L  =  length  of  the  wire  =  radius  of  the  circle. 
The  centrifugal  force  F  =  mRor  produces  the  stress 
as  at  result  of  which  the  wire  elongates. 


Thus 


FL  mRco1  L  mR2co2 
AAL  ~  AM  ~  AM 


of  the  wire  is  1  mm.  Assume  that  L  »  diameter  of 
the  wire.  Then  the  value  of  ‘in  in  kg  is  nearly. 

<  IIT,  2011 


Given 777  =  2 kg, R=  1  m,  O)=20rads  I,A=  10  6m2 

—3 

and  AT  =  10  m.  Substituting  these  values  in  (1) 
and  solving,  we  get 

7  =  8  x  1011  Nm"2 

Thus  7?  =  8. 

4.  If  the  wire  breaks  at  <ymax  =  100  rad  s  ',  then  the 
breaking  stress  is 

^nax  _  _  2  X  1  X  (100)2  _  ,  ^  1q10  Nm_2 

A  A  10“6 

Thus  x  =  2. 

5.  Figure  10.24  shows  a  wire  PQ  of  length  L  having 
radius  rl  at  end  P  increasing  uniformly  to  a  radius 
r2  at  end  Q.  Consider  an  element  AB  of  the  wire  of 
length  dy  at  a  distance  y  from  end  P.  Let  r  be  the 
radius  of  the  wire  at  y  and  (r  +  dr)  at  (y  +  dy).  As 
the  radius  increases  uniformly  from  P  to  0. 

dr 

—  =  constant,  say  C 
dy 


where 


C  = 


.  Thus 


dy  = 


dr 

~C 


Fixed  end 


Fig.  10.24 
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Let  us  first  find  the  extension  dl  produced  in  the 
element  of  length  dy  due  to  a  force  F  =  Mg.  Stress  in 
the  element  =  F!m~2  and  strain  in  it  =  dlldy.  Hence 


Y  = 


stress  F  /  nr 


Fdy 

strain  dlldy  nr2dl 
dr 


But  dy  =  — .  Therefore, 
C 


Y  = 


Fdr 


or  dl  = 


Fdr 


nr-Cdl  nCYrL 

Integrating  from  r  =  rl  to  r  =  r2,  we  obtain  the 
total  extension  /  produced  in  the  wire  by  a  force  F 
which  is  given  by 

F  '}  dr 


1=  [  dl  = - f 

J  nCY] 


F 

1 

r2 

F  | 

f  1 

r 

nCY 

r 

n 

nCY  1 

Ifi 

ru 

=  F(r2  Zhl 

nCYrxr2 


Now  F  =  Mg  and  C  =  — — —  .  Hence 
L 

1=  MgL 


nYi\r2 

Substituting  the  given  values  of  M,  L ,  Y,  r1  and  r2 
and  g  =  9.8  ms-2,  we  have 

3.14x9.8x10.0 


/  = 


3.14  x  2  x  1011  x  9.8  x  10-4  x  5.0  x  10-4 

r\-3 


=  10  m  =  1  mm. 

6.  Change  in  length  A L  =  L  a  AT 

Msor.^^AL.”,gL 


AAL 


YA 


(i) 

(ii) 


Equation  (i)  and  (ii)  we  get  (  v  A  =  wA~) 
aATY  x  nr 2 


g 


(10“5)  x  (10)  x  (10u)  x  3.14  x  (1  x  10“J)2 


=  3.2  kg  =  3  kg 


Hydros 
and  Bin 


REVIEW  OF  BASIC  CONCEPTS 


11.1  ;  FLUID  PRESSURE _ 

Pressure  is  defined  as  the  force  exerted  normally  on  a  unit 
area  of  the  surface  of  a  fluid  and  is  given  by 

A 

In  the  SI  system,  the  unit  of  pressure  is  newton  per 
square  metre  (NnT2)  which  is  also  called  pascal  (Pa). 
Thus 

1  Pa  =  1  NnT2 

11.2  j  PASCAL'S  LAW _ 

Blaise  Pascal  (1623-1662),  a  French  scientist,  discovered 
a  principle  which  tells  us  how  force  (or  pressure)  can  be 
transmitted  in  a  fluid.  Pascal’s  law  states  that  pressure 
in  a  fluid  in  equilibrium  is  the  same  everywhere  (if  the 
effect  of  gravity  can  be  neglected). 

11.3  |  DENSITY  AND  RELATIVE  DENSITY 

The  density  of  a  substance  is  defined  as  the  mass  per 
unit  volume  of  the  substance.  The  SI  unit  of  density  is 

_3 

kilogram  per  cubic  metre  (kg  m  ). 

1  g  cm-3  =  1000  kg  m  3 

The  relative  density  of  a  substance  is  the  ratio  of  its 
density  to  that  of  water,  i.e. 

,  .  ,  .  density  of  substance 

Relative  density  =  - 

density  of  water 

Being  a  ratio  of  two  similar  quantities,  relative  density 
is  just  a  number;  it  has  no  units. 


11.4  i  ATMOSPHERIC  PRESSURE 


Like  all  gases,  air  also  has  weight  and  hence  exerts 
pressure.  Just  as  water  pressure  is  caused  by  the  weight 


Ltics  (Fluid  Pressur 
fancy) 


of  water,  the  weight  of  all  the  air  above  the  earth  causes  an 
atmospheric  pressure.  The  atmosphere  exerts  this  pressure 
not  only  on  the  earth’s  surface,  but  also  on  the  surface  of 
all  objects  on  the  earth  including  living  being. 

The  atmospheric  pressure  at  sea  level  is 
P0  =  1.01  X  105  Pa 

11.5  ;  GAUGE  PRESSURE _ 

The  pressure  due  to  a  column  of  a  liquid  is  called  gauge 
pressure.  The  gauge  pressure  due  to  a  column  of  height  h 
below  the  free  surface  of  a  liquid  at  rest  is  given  by 
P  =  hpg 

where  p  is  the  density  of  the  fluid  and  g,  the  acceleration 
due  to  gravity.  The  pressure  is  the  same  at  all  points  at  the 
same  horizontal  level.  The  pressure  at  any  point  in  a  fluid 
contained  in  a  vessel  is  independent  of  the  shape  or  size 
of  the  vessel. 

11.6  !  HYDROSTATIC  PRESSURE 

_ I _ 

The  pressure  at  any  point  in  a  fluid  is  equal  to  the  sum 
of  the  atmospheric  pressure  P0  acting  on  its  surface  and 
the  gauge  pressure  hpg  due  to  the  weight  of  the  fluid 
above  that  point  which  is  at  a  depth  h  below  the  surface 
of  the  fluid.  This  pressure  is  given  by 
P=P0  +  hpg 


A  tank  of  square  cross-section  (1 .0  m  x  1 .0  m)  is  filled 
with  a  liquid  of  relative  density  1.2  upto  a  height  of 
1.5  m.  Find  the  thrust  exerted  by  the  liquid  column 
at  the  bottom  of  the  tank  and  on  a  vertical  side  of  the 
tank.  Take  g  =  10  ms  2. 


Density  of  liquid  =  1.2  X  103  kg  m  3 
Pressure  due  to  liquid  column  =  hpg 
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=  1.5  x  (1.2  x  103)  x  10 
=  1.8  x  104  Pa 

This  pressure  is  uniformly  distributed  over  the 
bottom  of  the  tank. 

Thrust  at  the  bottom  of  tank  =  pressure  x  base  area 
=  (1.8  x  104)  x  (1.0  x  1.0) 

=  1.8  x  104  N 

On  the  vertical  side,  the  pressure  due  to  liquid  column 
is  zero  at  the  top  and  1.8  x  104  Pa  at  the  bottom. 
Therefore,  the  average  pressure  exerted  on  the  verti¬ 
cal  side  =  —  (0  +  1.8  x  104)  =  0.9  x  104  Pa.  Area  of 
2 

2 

vertical  side  in  contact  with  liquid  =  1.0  X  1.5  =  1.5  m 
Average  thrust  on  the  vertical  side 
=  (0.9  x  104)  x  1.5 
=  1.35  x  104  N 


SOLUTION 


Density  of  water  (pj)  =  1000  kg  m  3,  density  of  oil 
(p2)  =  1 500  kgm  3  and  area  of  the  door  (A)  =  2.0  X  2.5 
=  5cm2  =  5  x  10  4  m2. 

Lateral  pressure  by  water  on  the  face  of  the  door  is 
Pi  =  hP\g 

Total  pressure p,  =  P0  +  hpxg  (P0  =  atmospheric  pres¬ 
sure) 

Total  pressure  on  the  door  due  to  oil  is 
Pi  =  A)  +  hpog 

Net  pressure  difference  =  P2  -  Px  =  (p2  -  Pi)  hg 
Net  force  =  (P2  -  Px)  A  =  (p2  -  p, )  hgA 

=  (1500  -  1000)  x  2.0  x  9.8  x  5  x  10-4 
=  4.9  N 


EXAMPLE  11.2 


I  A  cylindrical  jar  of  cross-sectional  area  A  is  filled 
with  a  liquid  of  density  p  to  a  height  h.  It  carries  a 
tight-fitting  piston  of  negligible  mass.  Find  the  pres¬ 
sure  at  the  bottom  of  the  jar  when  a  block  of  mass  m 
is  placed  on  the  piston  .  The  atmospheric  pressures 
is  P0. 


SOLUTION 


I  Total  force  acting  on  the  base  of  the  jar  is 
F  =  (P0  +  hpg )  A  +  mg 

Pressure  at  the  bottom  of  the  jar  is 

P=  -  =  P0  +  hpg  +  ^ 
A  A 


EXAMPLE  11.3 


A  large  tank  with  a  square  base  of  side  1.0  m  is  di¬ 
vided  into  two  compartments  by  a  vertical  partition  in 
the  middle  as  shown 
in  Fig.  11.1.  There  is 
a  small  hinged  door 
of  size  2.0  x  2.5  cm 
at  the  bottom  of  parti¬ 
tion.  Water  is  filled  in 
one  compartment  and 
oil  of  relative  density 
1.5  in  the  other  both 
to  the  same  height  h  = 

2.0  m.  Find  the  force 
necessary  to  keep  the 
door  closed. 


Fig.  11.1 


EXAMPLE  11.4 


A  horizontal  tube  OP  of  length  L  and  of  uniform 
cross-sectional  area  A  is  open  at  end  O  and  has  a  small 
hole  at  the  other  end  P.  The  tube  is  filled  with  a  liquid 
of  density  p  and  then  rotated  about  the  axis  passing 
through  O  with  an  angular  velocity  (O.  Find  the  pres¬ 
sure  exerted  by  the  liquid  at  end  P  at  the  instant  when 
length  L! 2  of  the  liquid  is  left  in  the  tube. 


SOLUTION 


Consider  a  small  element  of  the  liquid  of  length  dr  at 
a  distance  r  from  O  (Fig.  11.2).  Mass  of  element  is 
m  =  A  p  d  r. 


w 

OJ 


!  P 

D 

; 

dr 

Fig.  11.2 

Outwards  force  (centrifugal  force)  acting  on  the  ele¬ 
ment  is 

dF  =  mrar  =  Apar  rdr 
Integrating  from  r  =  LI 2  to  r  =  L,  we  have 

L 

F  =  Apar  J  rdr  =  Apar 

L!  2 


Pressure  at  P  =  — 
A 


3 

8 


parL2 
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EXAMPLE  11.5 


I  A  U-tube  contains  mercury  in  both  sides  of  its  arms. 
A  glycerine  column  of  length  10  cm  in  introduced  in 
one  of  the  arms.  Oil  is  poured  in  the  other  arm  until 
the  upper  surfaces  of  oil  and  glycerine  are  at  the  same 
horizontal  level.  Find  the  length  of  the  oil  column. 
Given  density  of  glycerine  =  1300  kgm-3,  density  of 
oil  =  800  kg  m  3  density  of  mercury  =  13600  kg  m  3. 


SOLUTION 


■  Since  glycerine  is  denser  then  oil,  the  level  of  mer¬ 
cury  in  the  left  arm  will  be  higher  than  that  in  the  right 
arm  (Fig.  11.3) 


Fig.  11.3 


Pressure  at  A  =  P0  +  h0pog  +  hmpmg  (i) 

Pressure  at  B  =  P0  +  hgpgg  (ii) 

Since  pressure  at  the  same  horizontal  level  is  the 
same  (Pascal's  law),  equating  (i)  and  (ii)  we  get 

K  Po  ^  m  Pm  hg  pg 

=>  K  Po  +  (h g  -  h0)pm  =  hg  pg 
=}  h0  x  800  +  (0.1  -  h0)  x  13600  =  0.1  x  1300 

(y  h„  =  10  cm  =  0.1m) 

=>  h0  =  0.096  m  =  9.6  cm 


Consider  a  small  element  (shown  shaded)  of  length  L 
of  the  liquid.  Let  A  A  be  the  cross-sectional  area  of  the 
element.  The  mass  of  the  element  is  m  =  pLAA.  When  an 
acceleration  a  is  given  as  shown,  the  equation  motion  of 
the  element  is 

PlAA  ~  P2  AA  =  ma  =  (pLAA)  a 

where  P,  and  P2  are  the  pressures  at  the  ends  of  the 
element. 

Thus  Pi  —  P2  =  pLa  (i) 

=>  ~  h2 )  pg  =  pLa 

La 

=>  hx-h2  =  —  (u) 

g 


It  follows  from  (i)  that  Pi>P2-  From  (ii)  we  have 


tan  0  = 


\  -  h 
L 


a 

g 


EXAMPLE  11.6 


i;  A  liquid  is  contained  in  a  rectangular  vessel  fastened 
on  a  cart.  A  constant  force  is  applied  to  the  cart.  As  a 
result,  the  level  becomes  inclined  at  an  angle  of  30 
with  the  horizontal.  What  acceleration  is  produced 
by  force? 


SOLUTION 


tan  6  =  — 
g 

=>  tan  30°=  - 
g 

=>  a  =  9.8  X  tan  30° 


9  8  S  ^  -2 

— 1=  =  5.66  ms 
V3 


11.8  ;  ARCHIMEDES'  PRINCIPLE 


11.7  : 

i 

_ L 


PRESSURE  DIFFERENCE  IN  AN 
ACCELERATED  LIQUID 


Consider  a  liquid  of  density  p  in  a  container.  If  the 
container  is  given  an  acceleration  a,  say,  to  the  right,  the 
liquid  miniscus  will  no  longer  remain  horizontal,  it  will  be 
inclined  at  an  angle  0  as  shown  in  Fig.  11 .4. 


Archimedes'  principle  states  as  follows: 

‘  When  a  solid  body  is  wholly  or  partly  immersed  in  a 
fluid,  it  experiences  an  upward  thrust  or  buoyant  force 
equal  to  the  weight  of  the  fluid  displaced  by  it.  ’The  word 
‘fluid’  includes  both  liquids  and  gases.  The  principle  is  a 
general  one  and  holds  for  solids  of  any  shape  and  for  all 
fluids. 

Law  of  Floatation  The  necessary  condition  for  a  body 
to  float  in  a  fluid  is  that  the  weight  of  the  fluid  displaced 
by  it  must  be  equal  to  the  weight  of  the  body.  This  is  the 
law  of  floatation. 

11.9  ■  APPLICATIONS _ 

1 .  Buoyant  force  =  weight  of  the  liquid  displaced  by  the 
immersed  portion  of  the  body  =  Vpg  where  V  is  the 
volume  immersed,  p  is  the  density  of  the  liquid. 


Fig.  11.4 
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Case  (a).  If  the  density  (a)  of  the  body  is  less  than 
that  of  the  liquid  (a  <  p),  then  the  body  will  float 
with  volume  V0  outside  liquid  and  Vt  inside  liquid 
such  that  (V=  volume  of  the  body) 

Vi  pg  =  Va  g 


=*  Yl  =  £  and  liL  =  P-l  (••  V=  V0+Vt) 
V  p  Vo 

Case  (b)  if  o  =  p,  the  body  will  float  completely 
immersed,  i.e.  V0  =  0. 

Case  (c).  If  o  >  p,  the  body  will  sink  to  the  bot¬ 
tom. 

2.  Tension  T  in  the  string  tied  to  a  body  immersed  in 
a  liquid  (o  >  p). 

Case  (a)  The  system  is  at  rest 
(Fig.  11.5) 

T=  V  o  g  -  Vpg 


=  V  (o  -  p)  g 


Case  (b)  When  the  system 
is  accelerating,  then 


T  =V  (o  -  p)  g  Fig.  11.5 

(i)  If  the  system  moves  up 
with  acceleration  a, 

g'  =  g  +  a  and  T'  =  V  (o  -  p)  (g  +  a) 

(ii)  If  the  system  moves  down  with  acceleration 
a  (<  g) 

g  =  g  -  a  and  T'  =  V(o  -  p)  (g  -  a) 

(iii)  If  the  system  falls  freely, 
a  =  g  and  V  =  0 

3.  o  <  p  and  the  body  is  kept 
immersed  in  a  liquid  by  a 
string  fixed  at  the  bottom  of 
the  beaker  (Fig.  11.6) 

(i)  If  the  system  is  at  rest, 

T  -  V  (p  -  o)  g 

(ii)  If  the  system  moves  up 
with  acceleration  a, 

T'  =  V  (p  -  o)  g'  where  g'  =  (g  +  a) 

(iii)  If  the  system  moves  down  with  acceleration 
a  (<  g) 

T'  =  V  (p  -  o)  where  g'  =  (g  a) 

(iv)  If  the  system  falls  freely,  T'  =  0 

4.  A  toy  boat  carrying  an  object  is  floating  in  water  in 
a  beaker.  The  object  is  droped  into  water. 

(1)  If  the  object  is  made  of  wood  (of  density  less 
than  that  of  water),  it  will  float  and  the  level 
of  water  in  the  beaker  remains  unchanged. 


(2)  If  object  is  denser  than  water,  it  will  sink  and 
the  water  level  will  fall. 

5 .  A  piece  of  ice  is  floating  in  a  liquid.  If  the  ice  melts, 
the  level  of  water 

(a)  remains  unchanged  if  the  liquid  is  water, 

(b)  rises  if  the  relative  density  of  the  liquid  is 
greater  than  1, 

(c)  falls  if  the  relative  density  of  the  liquid  is 
less  than  1. 

6.  Apiece  of  ice  with  an  object  embedded  in  it  is  float¬ 
ing  in  water.  If  all  the  ice  melts,  the  water  level 

(a)  falls  if  the  object  sinks  in  water 

(b)  remains  unchanged  if  the  object  floats  in 
water 

7.  An  object  of  density  p  and  volume  V  floats  at  the 
interface  of  two  liquids  1  and  2  of  densities  px  and 
p2  with  volume  Vl  in  liquid  1  and  V2  in  liquid  2 
(Fig.  1 1.7)  Then,  for  equilibrium  (p,  <P<  Pi) 


— 

—  Liquid  2 

~ 

Fig.  11.7 

Weight  of  body  =  buoyant  force 

i.e.  Vpg  =  V ,  pxg  +  V2  p2g  (i) 

Also  V,  +  V2  =  V  (ii) 

Eqs  (i)  and  (ii)  give 

v  =  V (Pg  ~  P)  v  =  V(P-Pi) 

1  (Pi-*)’  2  (Pi -Pi) 


and 


Yi 

Vt 


(p-pl) 

(P2  -  P) 


EXAMPLE  11.7 


A  cubical  metal  block  of  edge 
5  cm  is  suspended  from  a  sup¬ 
port  by  a  massless  spring  and 
immersed  in  water  in  a  beaker 
as  shown  in  Fig.  11.8.  The  rela¬ 
tive  density  of  metal  is  7.  Find 
the  tension  in  the  string  when 
the  whole  system 
(a)  is  at  rest 


///////// 


Fig.  11.8 


(b)  moves  up  with  an  acceleration  of  2  ms 


(c)  moves  down  with  an  acceleration  of  2  ms 
Take  g  =  1 0  ms  2 
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SOLUTION 


■  Density  of  water  (p)  =  1000  kg  m  3 
Density  of  block  (cr)  =  7000  kg  m  J 

Volume  of  block  (V)  =  5  cm  x  5  cm  x  5  cm  =125  cm3 
=  1.25  x  10“4  m3 

Weight  of  block  W  =  mg  =  aVg 

Upthrust  U  =  weight  of  water  displaced  =  pVg 

Figure  11.8  shows  the  free  body  diagrams 


.  T 

.  U 

.  r 

.  U' 

a 

.  T” 

.  U" 

D 

□  E 

Et  D 

at 

a 

W  W'  W" 


(a)  (b)  (c) 

Fig.  11.9 

(a)  From  Fig.  11.9  (a) 

T  +  U  =  W 

=>  T  =  W  -  U  =  oVg-  pVg 
=  (a-  p)  Vg 

=  (7000  -  1000)  x  (1.25  x  10"3)  x  10 
=  7.5  N 


SOLUTION 


Let  x  cm  be  the  height  of  the 
block  above  the  surface  of 
water  (Fig.  11.10).  From  the 
law  of  floatation,  upthrust 
=  weight  of  the  block  (W) 
or  weight  of  water  displaced 
=  weight  of  the  block,  i.e. 

(5  -  x  )  x  10'2  x  (5  x  10"2  f  x  1000  g  = 

(5  x  10“2  )3  x  800  g 

which  gives  x  =  1cm 


When  a  body  of  mass  m  =  75  g  =  0.075 
kg  is  placed  on  the  block,  it  depresses  by 
x  =  1cm  =  1  x  10~2  m.  If  k  is  the  spring  '  f 
constant,  the  force  in  the  spring  is /=  kx  =  H- 

k  x  10-2.  The  upthrust  now  is 
U=  (5  x  10“2)3  x  1000  xg=  1.25  N  ~\ 

(vg=10ms2) 

F igure  11.11  shows  the  free  body  diagram.  w+  m9 
For  equilibrium 

Fia.11 .11 

W+mg  =  U+f  (i)  9 


Now  W=  (5  x  10-2)3  x  800  x  10  =  1  N,/=  kx  10“2, 
m  =  0.075  kg  and  U  =  1.25  N. 


Using  these  values  in  (i), 

1  +  0.075  x  10  =  1.25  +  10-2  k 


(b)  In  this  case  geff  =  g  +  a[  Fig.  11.9  (b)] 

•••  T'  =  W'  —  U'  =  G  Vge{{  -  pVge{{ 

=  (G-  p)  V(g+  a) 

=  (7000  -  100)  x  (1.25  x  lO'4)  x  (10  +  2) 
=  9.0  N 

(c)  In  this  case  geff  =  g  -  a  [Fig.  11 .9(c)] 

•••  T"  =  (g  -  p)  V  (g  -  a) 

=  (7000  -  1000)  x  (1.25  x  Ur3)  x  (10  -  2) 
=  6.0  N 


EXAMPLE  11.8 


I  A  cubical  block  of  wood  (density  =  800  kg  m~3)  of 
side  5  cm  floats  on  the  surface  of  water  with  its  lower 
face  just  touching  a  vertical  spring  fixed  at  the  bot¬ 
tom  of  the  container.  When  a  body  of  mass  m  =  75  g 
is  placed  on  top  of  the  block,  it  floats  in  water  with  its 
top  face  in  level  with  water.  Find  the  value  of  spring 
constant  k. 

Take  g  =  10  ms  2 


k  =  50  NnT 


EXAMPLE  11.9 


A  cylinder  of  radius  R  and  height  h  and  mass  M  is 
suspended  by  a  string  in  a  liquid  of  density  p  where 
it  stays  vertical  with  its  upper  surface  at  a  depth  hx 
below  the  surface  of  the  liquid.  Find  the  force  at  the 
bottom  of  the  cylinder. 


SOLUTION 


Pressure  at  top  of  cylinder  is  (Fig.  11.1 2) 

/////////  | 


T 


+ 

h 

i 


Fig.  11.12 
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p  1  =  K ps 

Pressure  at  the  bottom  of  cylinder  is 
P2  =  hiP§ 

If  A  is  the  cross-sectional  area  of  the  cylinder,  the 
net  force  at  the  bottom  is 

F  =  (P2-Pi)A  =  (h2-hl)  pAg 
=  hpAg  =  Vpg 

where  V  =  volume  of  cylinder. 


EXAMPLE  11.10 


I  In  example  11.9  above,  what 
will  be  the  force  at  the  bottom 
if  a  hemispherical  portion  of 
radius  R  is  removed  from  the 
bottom  of  the  cylinder.  The 
volume  of  the  remaining  part  of 
the  cylinder  is  V'  and  the  top  of 
the  cylinder  is  now  at  a  depth 
ti  below  the  liquid  surface  as 
shown  in  Fig.  11.13. 


SOLUTION 


I  From  Archimedes’  principle, 

Force  at  bottom  =  force  at  top  +  V'pg, 

=  (h'  x  kR 2 )  x  pg  +  V'pg 

=  pg[V’  +  nR2h '] 


////. 

— 

~h' - 

=4--“ 

‘2  R- 

— 

Fig.  11.13 


EXAMPLE  11.11 


I  A  cubical  block  of  steel  10  cm  on  each  side  is  float¬ 
ing  on  mercury  in  a  vessel.  The  density  of  steel  is 
7.8  X  103  kg  m  3  and  that  of  mercury  is  13.6  X  103 
kg  m  2. 

(a)  Find  the  height  of  the  block  above  the  mercury 
level. 

(b)  If  water  is  poured  into  the  vessel  until  it  just  cov¬ 
ers  the  steel  block,  find  the  height  of  the  water 
column. 


SOLUTION 


Volume  of  block  =  10  x  10  x  10  =  103  cnT  =  10  3  m3 

(a)  Let  hx  be  the  height  of  the  block  above  the  mer¬ 
cury  surface.  From  the  law  of  floatation, 

Weight  of  mercury  displaced  =  weight  of  block 
i.e.  (0.1  -  AO  x  0.1  x  0.1  x  13.6  x  103g  =  (7.8  x  103) 

x  103g 

=>  hx=  0.043  m  =  4.3  cm 


(b)  Let  h2  be  the  height  of  water  column  required. 
Then 

Weight  of  block  =  weight  of  water  displaced  + 
weight  of  mercury  displaced 

i.e.  (7.8  x  103)x  103g  =  h2x0.l  xO.l  x  103  xg 
+  (0.1  -A2)x0.1  xO.l  x  13.6  x  103  x g 
=>  h2  =  0.046  m  =  4.6  cm 


EXAMPLE  11.12 


A  spring  balance  reads  10  kg  when  a  bucket  of  water 
is  suspended  from  it.  What  will  be  the  reading  of  the 
spring  balance  when 

(a)  an  ice  cube  of  mass  1 .5  kg  is  put  into  the  bucket? 

(b)  an  iron  piece  of  7.2  kg  suspended  from  another 
spring  is  immersed  with  half  its  volume  inside 
water  in  the  bucket? 

Relative  density  of  iron  is  7.2 


SOLUTION 


(a)  When  an  ice  cube  of  mass  1.5  kg  is  put  into  the 
bucket,  the  total  mass  suspended  from  the  spring 
balance  =  10  kg  +  1.5  kg  =  11.5  kg.  Hence  the 
balance  will  read  1 1 .5  kg. 

(b)  Density  of  iron  =  7.2  x  103  kg  m  3.  Therefore 
volume  of  iron  piece  is 

mass  7.2 


V  = 


density  7.2  xlO3 


=  10 


V 


-3  3 

m 


Volume  of  iron  immersed  in  water  =  — 

2 

V 

Weight  of  water  displaced  =  —  X  1 000  x  g 

newton 


10 


-3 


x  1000  x  g  =  0.5  g 


=  weight  of  0.5  kg 


This  is  the  buoyant  force  on  the  iron  piece. 
Hence,  according  to  Newton’s  third  law,  the 
iron  piece  will  exert  an  equal  force  on  water  in 
the  downward  direction.  Hence  the  balance  will 
now  read  =  1 0  kg  +  0.5  kg  =  1 0.5  kg 


n.io : 

i 
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SURFACE  TENSION  AND  SURFACE 
ENERGY 


Surface  tension  is  the  force  acting  per  unit  length  of  an 
imaginary  line  on  a  liquid  surface;  the  direction  of  the 
force  being  perpendicular  to  the  line  and  tangential  to  the 
liquid  surface. 
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The  SI  unit  of  surface  tension  is  N  m  1  and  its  dimensional 
formula  is  [ML°T  2],  Consider  a  frame  ABCD  having  a 
wire  PQ  of  length  L  which  can  slide  along  sides  AB  and 
CD.  The  frame  is  dipped  in  a  liquid  (e.g.  soap  solution) 
and  taken  out.  We  get  a  film  of  liquid  within  PBCQ  (Fig. 
11.14).  Since  the  film  has  two  surface  each  of  length/.,  the 
force  due  to  surface  tension  acting  on  wire  PQ  is 


Ax 


Fig.  11.14 

F  =  ax2L  =  2aL 


Wire  frame 


Film 


Slider 


^  „  r  F  1.5x10" 

F  =  2a  L  =>  a  =  —  =  - 

2 L  2  x  0.3 


=  2.5  x  10“-  N  m 


2 


-1 


This  force  is  directed  inwards  to  the  left  and  has  to  be 
applied  to  the  right  to  hold  the  wire  PQ  in  place.  Hence,  if 
the  area  of  the  film  has  to  be  increased,  work  has  to  be  done 
against  the  force  of  surface  tension.  This  work  is  stored  as 
potential  energy  called  surface  energy.  Work  done  to  move 
the  wire  from  a  position  PQ  to  a  position  P'Q'  is 
AW  =  FAx  =  a  (2 LAx)  =  a  AA 

where  AA  =  increase  in  the  surface  area  of  the  film.  Thus 
work  done  =  surface  tension  x  increase  in  surface  area  of 
the  film.  Another  SI  unit  of  surface  tension  is  Jm  2. 


EXAMPLE  11.13 


I  A  rectangular  film  of  a  liquid  is  extended  from 
2  cm  x  3  cm  to  2  cm  x  3.5  cm.  If  the  work  done  is 
3  x  10  5  J,  find  the  surface  tension  of  the  liquid. 


SOLUTION 


Increase  in  surface  area  of  the  film  is 

=  (2  cm  x  3.5  cm)  -  (2  cm  x  3  cm) 

=  1  cm2  =  1  x  10"4  m2 

Since  the  film  has  two  surfaces,  A4  =  2  x  10  4  m2 


a  = 


AW 

~AA 


3x10 


-5 


2x10 


-4 


=  0.15  J  m  2  or  N  m  1 


EXAMPLE  11.14 


I  A  U-  shaped  wire  frame  is  dipped  in  a  soap  solution 
and  removed.A  thin  film  is  formed  in  the  frame.  A 
light  slider  supports  a  weight  of  1.5  X  10“2  N,  which 
includes  the  weight  of  the  slider  (Fig.  11.15).  The 
length  of  the  slider  is  30  cm.  Find  the  surface  tension 
of  soap  solution. 


11.11  |  EXCESS  PRESSURE _ 

When  the  free  surface  of  a  liquid  is  curved,  there  is  a 
difference  of  pressure  between  the  liquid  side  and  the 
vapour  side  of  the  surface. 

(i)  Excess  pressure  inside  a  liquid  drop  of  radius  r  is 
given  by 

2a 

p  =  — 

r 

where  a  is  the  surface  tension  of  the  liquid. 

(ii)  Excess  pressure  inside  a  liquid  bubble  of  radius  r  is 
given  by 

4(7 

p  =  — 

r 

(iii)  Excess  pressure  inside  an  air  bubble  of  radius  r  in 
a  liquid  of  surface  tension  a  is  given  by 

2a 

p  =  — 

r 

If  the  pressure  outside  is  P,  the  total  pressure  inside 

bubble  =  P+  — 
r 

n  7  2(7 

=  P0  +  hpg  +  — 
r 

where  h  =  depth  of  bubble  below  the  free  surface  of 
the  liquid  of  density  p. 


11.12 


WORK  DONE  IN  BLOWING  A  SOAP 
BUBBLE 


Suppose  the  radius  of  a  soap  bubble  is  increased  from 
rx  to  r2  by  blowing.  Then,  since  there  are  two  surfaces  of 
the  film,  initial  energy  =  2  x  (47T  r2 ,  cr)  and  final  energy 
=  2  x  (4nr22a) 

Work  done  =  final  energy  -  initial  energy 
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or  W  =  8 no  ( r22  -  r1  j) 

(i)  Work  done  in  forming  a  bubble  of  radius  r  is 
(since  r2  =  r  and  r]  =  0) 

W  =  87T<7  r2 

(ii)  Work  done  in  doubling  the  radius  of  a  bubble  from 
rl  =  r  to  r2  =  2 r  is 

W  =  8no  [(2 r)2  -  r 2]  =  2Ano  r 

(iii)  Work  done  in  splitting  a  drop  of  radius  R  into  n 
identical  drops,  each  of  radius  r,  is  obtained  as  fol¬ 
lows: 

Initial  surface  area  =  AnR2 

Final  surface  area  =  n  x  Am-2 

Work  done  is  W  =  An(nr  -  R2)a 

Since  the  volume  remains  unchanged, 

4  ,  4  , 

—  Jtr  n=  —  nR- 
3  3 

or  »1/3  r  =  R.  Hence 

W  =  An  R2  («1/3  -1)  (7 


EXAMPLE  11.15 


Calculate  the  work  done  (or  energy  needed)  to  split 
a  spherical  drop  of  mercury  of  diameter  1  cm  into 
8  identical  drops.  The  surface  tenstion  of  mercury 
=  0.035  Nm1. 


SOLUTION 


As  shown  in  Example  11.14,  r  =  — 
Surface  area  of  the  big  drop  =  AnR2 
Surface  area  of  8  small  drops  =  8  x  4?rr2 


=  8  x  An  x  =  8 nR1 

Increase  in  surface  area  A4  =  87 zR2  —  AnR2  =  AnR2 
Work  done  =  cr  x  A4 


=  0.035  x  4  x  3.14  x  (0.5  x  10“2)2 
=  1.1  x  10“5J 


EXAMPLE  11.16 


I  Eight  spherical  droplets,  each  of  radius  r  of  a  liquid 
of  density  p  and  surface  tension  a  coalesce  to  form 
one  big  drop.  If  s  is  the  specific  heat  capacity  of  the 
liquid,  find  the  rise  in  the  temperature  of  the  liquid  in 
this  process. 


SOLUTION 


In  this  process,  energy  is  evolved  as  heat  because 
there  is  a  decrease  in  surface  area.  Radius  of  big  drop 
is  R  =  2  r.  Decrease  in  surface  area  is 
AA  =  8  x  47ir2  -  AnR2 
=  22  nr  =  An{2rf 
=  16  7cr 


Energy  evolved  is  Q=  o  AA  =  16  n  or 
4  Jl  -y  32  3 

Mass  of  big  drop  is  m  =  —  R  p  =  —  rp 

If  AT  is  the  rise  in  temperature,  then 
Q  =  ms  AT 

=>  16  no  r  =  r’psAT 


AT  = 


3cr 
2  rps 


EXAMPLE  11.17 


An  air  bubble  of  radius  1  mm  is  formed  at  a  depth  of 
50  cm  inside  a  large  container  of  soap  solution.  Cal¬ 
culate  the  pressure  inside  the  bubble.  Surface  tension 
soap  solution  =  0.05  Nm  ',  density  of  soap  solution  = 
1200  kg  m  3,  atmospheric  pressure  =  1.013  X  105  Pa. 


SOLUTION 


P  =  Po+  —  +  hpg 

K 

=  1.013  x  105  +  2  X  °'0,5.  +  0.5  x  1200  x  9.8 

(lxl0“3) 

=  1.073  x  105  Pa 


11.13  j  ANGLE  OF  CONTACT _ 

The  shape  of  meniscus  of  water  in  a  narrow  glass  tube 
is  concave  upwards  [Fig.  11.16  (a)]  while  the  shape  of 
meniscus  of  mercury  in  a  narrow  glass  tube  is  convex 
upwards  [Fig.  11.16  (b)]. 
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The  angle  of  contact  (9)  between  a  liquid  and  a  solid 
surface  is  defined  as  the  angle  between  the  tangent  to  the 
liquid  surface  at  the  point  of  contact  and  the  solid  surface 
inside  the  liquid. 

The  value  of  angle  of  contact  depends  upon 

(i)  the  nature  of  the  liquid  and  solid  in  contact, 

(ii)  the  nature  of  the  medium  above  the  free 
surface  of  the  liquid  and 

(iii)  the  temperature  of  the  liquid. 


NOTE 


vertical?  Also  find  the  length  which  the  water  occu¬ 
pies  in  the  tube.  Take  g  =  10  m  sT2. 


SOLUTION 


.  .  ,  2crcos0  2x0.07xcos0° 

(a)  h  =  -  =  ; - 

rpg  (o.5  x  1 0-3 )  X 1 03  X  10 

=  2.8  x  10  2  m  =  2.8  cm 

(b)  The  vertical  height  h  of  water  column  will 
remain  the  same  =  2.8  cm  (Fig.  11.17). 


Generally  the  angle  of  contact  for  liquids  which  wet  glass 
is  acute  and  obtuse  for  liquids  which  do  not  wet  glass. 

11.14  ;  CAPILLARITY _ 

The  rise  or  fall  of  a  liquid  in  a  capillary  tube  is  known  as 
capillarity.  The  height  to  which  a  liquid  of  surface  tension 
O'  and  density  p  rises  in  a  capillary  tube  of  radius  r  is 
given  by 

,  2<7COS0 

h  =  - 

prg 


Fig.  11.17 

h 

Length  of  water  column  is  l  = - =2  h  =  5.6  cm 

cos  60° 


where  0  is  the  angle  of  contact.  For  pure  water  and  clean 
glass,  9  —  0°  in  which  case  cos  9  =  cos  0°  =  1  and  we  have 

- 

For  mercury  and  glass,  0  -  140°  so  that  cos  9  is  negative. 
Hence  mercury  falls  in  a  capillary  tube,  i.e.the  level 
of  mercury  in  the  capillary  tube  is  lower  than  the  level 
outside. 


NOTE 


Surface  tension  of  a  liquid  decreases  with  increase  in 
temperature. 


EXAMPLE  11.18 


I  A  narrow  glass  tube  of  diameter  1 .0  mm  is  dipped 
vertically  in  a  container  of  water.  The  surface  tension 
of  water  is  0.07  N  m_1  and  the  angle  of  contact  with 
glass  is  zero,  (a)  Find  the  height  to  which  water  rises 
in  the  tube,  (b)  To  what  height  will  water  rise  if  the 
tube  is  held  slanting  making  an  angle  of  60°  with  the 


EXAMPLE  11.19 


Water  rises  to  a  height  of  10.0  cm  in  a  capillary  tube 
dipped  in  water.  When  the  same  tube  is  dipped  in 
mercury,  it  is  depressed  by  2.6  cm.  Compare  the  sur¬ 
face  tensions  of  mercury  and  water.  Relative  density 
of  mercury  =  13.6.  Angle  of  contact  for  water  is  zero 
and  for  mercury  is  135°. 


SOLUTION 


_  _  h\  Pi  Sr  _  _  h2Pigr 
<7,  —  -  and  C7i  - 


cos0. 


2  cost). 


h  v  Pi  v  cos  9i 

S\  A 

l\  P|  cos  92 


-2.6 

Tor 

-2.6 

10 


x  13.6  x 


x  13.6  x 


cos0° 
cosl35° 

J _ 

(-0.707) 


=  5.0 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  piece  of  metal  weighs  x  newton  in  air,  y  newton 
when  completely  immersed  in  water  and  z  newton 


when  completely  immersed  in  a  liquid.  The  relative 
density  of  the  liquid  is 
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(a) 

T-z 

(b) 

y-z 

x  -y 

x  -z 

(c) 

x  —  y 

(d) 

x  —  z 

x  —z 

x  —  y 

2.  A  wooden  ball  of  relative  density  0.75  falls  into  a 
pond  from  a  height  of  1  m.  If  viscous  forces  due 
to  air  and  water  are  neglected,  the  ball  will  sink  in 
water  to  a  depth  of 

(a)  |  m  (b)  3  m 

(c)  6  m  (d)  9  m 

3.  A  piece  of  cork  of  density  250  kg  m  3  is  immersed 
in  water  to  a  depth  of  1  m  and  released.  If  viscous 
forces  due  to  water  and  air  are  neglected,  the  piece 
of  cork  will  jump  to  what  height  above  the  surface 
of  water? 

(a)  1  m  (b)  2  m 

(c)  3  m  (d)  4  m 

4.  A  cylinder  of  mass  m,  cross-sectional  area  a  and 
relative  density  a  (>  1)  hanging  from  a  string  is 
lowered  into  water  in  a  vessel  until  it  is  completely 
immersed.  If  A  is  the  base  area  of  the  vessel,  the 
increase  in  pressure  at  the  bottom  of  the  vessel  due 
to  the  immersion  of  the  cylinder  is 


(a) 

mg_ 

(b) 

mg_ 

a  A 

aa 

(c) 

mg  a 

(d) 

mg  a 

A 

a 

5.  A  space-ship  is  revolving  around  the  earth  at  an 

altitude  where  the  acceleration  due  to  gravity  is 
gl 2.  The  air  pressure  inside  the  cabin  is  maintained 
at  76  cm  of  mercury.  A  barometer  of  tube  length 
100  cm  is  hanging  on  the  wall  of  the  cabin.  The  mer¬ 
cury  in  the  barometer  will  rise  to  a  height  equal  to 
(a)  38  cm  (b)  76  cm 

(c)  100  cm  (d)  zero 

6.  A  block  floats  in  a  liquid  contained  in  a  beaker 
(Fig.  11.1 8).  The  beaker  is  placed  on  the  floor  of  an 
elevator.  If  the  elevator  descends  with  acceleration 
a  (<  g),  the  upthrust  on  the  block  due  to  the  liquid 


Fig.  11.18 


(a)  is  equal  to  the  weight  of  the  liquid  displaced 

(b)  is  greater  than  the  weight  of  the  liquid  dis¬ 
placed 


(c)  is  less  than  the  weight  of  the  liquid  displaced 

(d)  becomes  equal  to  zero 

7.  A  liquid  stands  at  the  same  level  in  arms  A  and  B 
of  a  U-tube.  If  the  U-tube  is  given  a  constant  accel¬ 
eration  a  (<  g)  towards  the  right  as  shown  in  Fig. 
11.19,  the  level  of  liquid  in  limb  A  rises  to  a  height 
h  above  the  level  in  limb  B. 

If  the  length  of  the  horizontal  part  of  the  U-tube  is 
L,  the  value  of  h  is  given  by 


Fig.  11.19 

8.  A  cube  of  wood  supporting  a  mass  of  200  g  just 
floats  in  water.  When  the  mass  is  removed,  the  cube 
rises  by  2  cm.  What  is  the  size  of  the  cube? 

(a)  6  cm  (b)  8  cm 

(c)  10  cm  (d)  12  cm 

9.  A  stone  of  relative  density  k  is  released  from  rest  on 
the  surface  of  a  lake.  If  viscous  effects  are  ignored, 
the  stone  sinks  in  water  with  an  acceleration  of 

(a)  g  (1  -  k)  (b)  g  (1  +  k) 

(c)gH)  (d)g(1+r) 

10.  Two  identical  cylindrical  vessels,  each  of  base  area 
A,  have  their  bases  at  the  same  horizontal  level. 
They  contain  a  liquid  of  density  p.  In  one  vessel 
the  height  of  the  liquid  is  hx  and  in  the  other  h2>h\. 
When  the  two  vessels  are  connected,  the  work  done 
by  gravity  in  equalizing  the  levels  is 

(a)  2 p  Ag  ( h2  -  hxf  (b)  pAg  {h2  -  hxf 

(c)  l-  pAg  (h2  -  hxf  (d)  i  pAg  (h2  -  hxf 

11.  A  cylindrical  jar  has  radius  r.  To  what  height  h 
should  it  be  filled  with  a  liquid  so  that  the  force 
exerted  by  the  liquid  on  the  sides  of  the  jar  equals 
the  force  exerted  on  the  bottom? 
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(a)  *  *  j 


(b)  h  =  r 


(c)  h  =  2 r  (d)  h  =  4 r 

12.  A  glass  tube  of  radius  r  is  dipped  vertically  into  a 
container  of  mercury  with  its  lower  end  at  a  depth 
h  below  the  mercury  surface.  If  a  is  the  surface  ten¬ 
sion  of  mercury,  what  must  be  the  gauge  pressure 
of  air  in  the  tube  to  blow  a  hemispherical  bubble  at 
the  lower  end? 

2cr 

+  hgp 


(a)  — 


4(7 


(b)  —  -  hgp 
r 


(c)  —  +  hgp 


(d>  1ft 

r 


hgp 


13.  A  small  drop  of  water  of  surface  tension  a  is 
squeezed  between  two  clean  glass  plates  so  that 
a  thin  layer  of  thickness  d  and  area  A  is  formed 
between  them.  If  the  angle  of  contact  is  zero,  the 


force 

required  to  pull  the  plates  apart  is 

(a) 

a  A 

_  2a  A 

(b)  — — 

d 

d 

(c) 

4a  A 

..  8aA 

d 

,d)  „ 

14.  A  spherical  small  ball  of  density  p  is  gently  released 
in  a  liquid  of  density  a  (p  >  a).  The  initial  accelera¬ 
tion  of  the  free  fall  of  the  ball  will  be 


(a) 


(c) 


^  p  +  a^ 


P 

P~a 
P  J 


g 


g 


(b) 


p-a 


g 


(d)  g 


15.  The  time  period  of  a  simple  pendulum  is  T.  The 
pendulum  is  oscillated  with  its  bob  immersed  in  a 
liquid  of  density  a.  If  the  density  of  the  bob  is  p 
and  viscous  effect  is  neglected,  the  time  period  of 
the  pendulum  will  be 


(a) 


vl/2 


\p-eJ 


«=>  |£ 


1/2 


(b) 


(d) 


1/2 


yp-aj 


a 

ypj 


16.  A  wooden  block  of  mass  m  and  density  p  is  tied  to  a 
string;  the  other  end  of  the  string  is  fixed  to  the  bot¬ 
tom  of  a  tank.  The  tank  is  filled  with  a  liquid  of  density 
cr  with  o>  p.  What  is  the  tension  in  the  string. 


mg 


(a) 

(e-p) 

mg 

(b)  (?—£ 

V  a  J 

/  p  ) 

(c) 

Pmg 

(<«  amg 

a 

P 

17.  A  wooden  ball  of  density  a  is  released  from  the 
bottom  of  a  tank  which  is  filled  with  a  liquid  of 
density  p  ;  (p  >  (7)  up  to  a  height  hv  The  ball  rises 
in  the  liquid,  emerges  from  its  surface  and  attains 
a  height  h2  in  air.  If  viscous  effects  are  neglected, 
the  ratio  h2/hx  is 


(a) 

to 

ya  J 

ye  J 

(c) 

p 

(d) " 

a 

p 

Two 

blocks  A  and  B 

are  made  of  different  kinds 

of  wood.  Block  A  floats  in  water  with  —  th  of  its 

4 

above  the  surface  of  water.  Block  B  floats  in  wa¬ 


ter  with  —  rds  of  its  volume  below  the  surface  of 
3 

water.  The  ratio  of  the  densities  of  A  and  B  is 
(a)  3  :  2  (b)  5  :  3 

(c)  9  :  8  (d)  4  :  3 

19.  Equal  masses  of  two  substances  of  densities  px 
and  p2  are  mixed  together.  The  density  of  the  mix¬ 
ture  would  be 


(a) 

\  (Pi  +  Pi) 

(b) 

'J  Pi  Pi 

(c) 

Pi  Pi 

(d) 

2  Pi  Pi 

(Pi  +Pi ) 

(P1+P2) 

20.  Equal  volumes  of  two  substances  of  densities  px 
and  p2  are  mixed  together.  The  density  of  the  mix¬ 
ture  would  be 

(a)  \  (Pi  +  Pi)  (b)  (p,  +  p2) 


21. 


22. 


23. 


(c)  VaP2 


(d) 


Pi  Pi 

(P1+P2) 


A  capillary  tube  of  radius  r  is  immersed  in  wa¬ 
ter  and  water  rises  in  it  to  a  height  h.  The  mass  of 
water  in  the  capillary  tube  is  5g.  Another  capillary 
tube  of  radius  2 r  is  immersed  in  water.  The  mass 
of  water  that  will  rise  in  this  tube  is 
(a)  2.5  g  (b)  5.0  g 

(c)  10  g  (d)  20  g 

When  a  capillary  tube  of  radius  r  is  immersed  in 
a  liquid  of  density  p,  the  liquid  rises  to  a  height  h 
in  it.  If  m  is  the  mass  of  the  liquid  in  the  capillary 
tube,  the  potential  energy  of  this  mass  of  the  liquid 
in  the  tube  is 

(a)  mgh! 4  (b)  mgh/2 

(c)  mgh  (d)  2 mgh 

The  volume  of  an  air  bubble  is  doubled  as  it  rises 
from  the  bottom  of  a  lake  to  its  surface.  The  atmo- 
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spheric  pressure  is  75  cm  of  mercury  and  the  ratio 
of  the  density  of  mercury  to  that  of  lake  water  is 
40/3.  What  is  the  depth  of  the  lake? 

(a)  10  m  (b)  15  m 

(c)  20  m  (d)  25  m 

24.  In  a  surface  tension  experiment  with  a  capillary 
tube,  water  rises  upto  0. 1  m.  If  the  same  experiment 
is  repeated  in  an  artificial  satellite,  which  is  revolv¬ 
ing  around  the  earth,  water  will  rise  in  the  capillary 
tube  upto  a  height  of 

(a)  0.1  m 

(b)  0.2  m 

(c)  0.98  m 

(d)  full  length  of  the  capillary  tube. 

25.  A  closed  compartment  containing  gas  is  moving 
with  some  acceleration  in  horizontal  direction.  Ne¬ 
glect  the  effect  of  gravity.  Then  the  pressure  in  the 
compartment  is 

(a)  the  same  everywhere 

(b)  lower  in  the  front  side 

(c)  lower  in  the  rear  side 

(d)  lower  in  the  upper  side 

<  I  IT,  1999 

26.  A  vessel  contains  oil  (density  0.8  g  cnf3)  over 
mercury  (density  13.6  g  cnT3).  A  homogeneous 
sphere  floats  with  half  volume  immersed  in 
mercury  and  the  other  half  in  oil.  The  density  of  the 
material  of  the  sphere  in  g  cnf3  is 

(a)  3.3  (b)  6.4 

(c)  7.2  (d)  12.8 

<  IIT,  1988 

27.  The  height  to  which  a  liquid  rises  or  falls  in  a 
capillary  tube  is  directly  proportional  to 

(a)  the  radius  of  the  capillary 

(b)  the  surface  tension  of  the  liquid 

(c)  the  density  of  the  liquid 

(d)  the  angle  of  contact. 

28.  The  density  of  air  in  earth’s  atmosphere  decreases 
with  height  as 

P=Po  e~kh 

where  p0  =  density  of  air  at  sea  level  and  k  is  a  con¬ 
stant.  The  atmospheric  pressure  at  sea  level  is 


<*>  “ 


(b)  Pf- 

k 


(C) 


2Pog 


(d) 


Ppg 

Jlk 


29.  A  cubical  vessel  of  height  1  m  is  full  of  water.  The 
work  done  in  pumping  water  out  of  the  vessel  is 
(a)  49  J  (b)  98  J 

(c)  4900  J  (d)  9800  J 


30.  Two  water  droplets  coalesce  to  form  a  large  drop. 
In  this  process, 

(a)  energy  is  liberated 

(b)  energy  is  absorbed 

(c)  energy  is  neither  liberated  nor  absorbed 

(d)  a  small  amount  of  mass  is  converted  into 
energy  in  accordance  with  Einstein’s  mass- 
energy  equivalence  relation  E  =  me2. 

31.  A  solid  iron  ball  and  a  solid  aluminium  ball  of  the 
same  diameter  are  released  together  on  a  deep  lake. 
Which  ball  will  reach  the  bottom  first? 

(a)  Aluminium  ball 

(b)  Iron  ball 

(c)  Both  balls  will  reach  the  bottom  at  the  same 
time 

(d)  The  aluminium  ball  will  never  reach  the  bot¬ 
tom  and  will  remain  suspended  in  the  lake 

32.  Two  spherical  soap  bubbles  formed  in  vacuum 
have  diameters  3.0  mm  and  4.0  mm.  They  coa¬ 
lesce  to  form  a  single  spherical  bubble.  If  the 
temperature  remains  unchanged,  the  diameter  of 
the  bubble  so  formed  will  be 

(a)  5.0  mm  (b)  5.8  mm 

(c)  6.2  mm  (d)  7.0  mm 

33.  A  liquid  of  density  p  and  surface  tension  o  rises 
to  a  height  h  in  a  capillary  tube  of  diameter  d.  The 
weight  of  the  liquid  in  the  capillary  tube  is 


(a)  2  noh 


(c)  nod 


(b) 


(d) 


Inch 2 


nod2  p 


34.  In  Q.  33  above,  the  potential  energy  of  the  liquid  in 


2no~ 


the  capillary  tube  is 

(a)  hpg 

(b) 

(c)  2no2pg 

(d) 

Pg 

2no2 

pgh 


35.  A  needle  of  length  1  and  density  p  will  float  on  a 
liquid  of  surface  tension  o  if  its  radius  r  is  less  than 
or  equal  to 


2(7 

(b) 

*r' 

nplg 

\npg 

o 

(d) 

J1*- 

Kpg 

\Kpg 

(a) 


(c) 


36.  A  film  of  water  is  formed  between  two  straight 
parallel  wires,  each  10  cm  long  and  at  a  separation 
of  0.5  cm.  The  work  that  must  be  done  to  increase 
the  separation  between  the  wires  by  1  mm  is  (sur- 

—2  _i 

face  tension  of  water  =  7.0  X  10  Nm  ) 
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(a)  7.0  x  1(T5  N 


(b)  1.4  x  1(T5  N 


(c)  7.0  x  10-7  N  (d)  1.4  x  10  '  N 

37.  Two  separate  air  bubbles  of  radii  r,  and  r2  ( r2  >  r  j) 
formed  of  the  same  liquid  come  together  to  form  a 
double  bubble.  The  radius  of  the  internal  film  sur¬ 
face  common  to  both  bubbles  is 


\-7 


(a) 


r,  r- 


1  '2 


(b) 


r\  >2 


r,  +  r. 


1 


(c)  -  (rt  +  r2) 


(d)  (r2  -  rj 


38.  Find  the  depth  at  which  an  air  bubble  of  radius 
0.7  mm  will  remain  in  equilibrium  in  water.  Given, 
surface  tension  of  water  =  7.0  x  10  2  NnT1.  Take  g 
=  10  ms  2. 

(a)  2  cm  (b)  3  cm 

(c)  4  cm  (d)  5  cm 

39.  If  a  number  of  identical  droplets  of  water,  each  of 
radius  r,  coalesce  to  form  a  single  drop  of  radius 
R,  the  resulting  rise  in  the  temperature  of  water 
is  given  by  (here  p  is  the  density  of  water,  s  its 


1 


specific  heat  and  a  its  surface  tension) 

O'  f  1  n 

,  3  ofl 

(a)  — 

(b)  —  - 

ps\r  RJ 

ps  \r 

an  n 

,,  3ofl 

(c)  —  _  +  ~ 

(d)  —  - 

ps\r  RJ 

ps  \r 

40.  Work  W  is  required  to  be  done  to  form  a  spheri¬ 
cal  bubble  of  volume  V  from  a  given  soap  solu¬ 
tion.  How  much  work  is  needed  to  form  a  spherical 
bubble  of  volume  2  V? 

(a)  2  W  (b)  V2  W 

(c)  (21/3)  W  (d)  (41/3)  W 

41.  A  circular  wire  frame  of  radius  R  is  dipped  in  a  soap 
solution  of  surface  tension  o.  When  it  is  taken  out  a 
thin  soap  film  is  formed  inside  the  frame.  The  force 
on  the  frame  will  be 

(a)  noR  (b)  2  noR 

(c)  4  noR  (d)  8  noR 

42.  A  thin  loop  of  a  thread  floats  on  a  soap  film  formed 
inside  a  wire  frame  which  is  kept  horizontal.  When 
the  film  is  pierced,  the  loop  arranges  in  the  form  of 
a  circle  of  radius  r.  If  o  is  the  surface  tension  of 
the  soap  solution,  the  tension  in  the  string  will  be 

(a)  noR  (b)  2  noR 

(c)  4  noR  (d)  8  noR 

43.  A  ring  of  external  and  internal  radii  r,  and  r2 

just  touches  the  horizontal  surface  of  a  liquid  of 
surface  tension  o.  The  force  required  to  pull  the 
ring  away  from  the  surface  is 

(a)  2; r  (r,  +  r2)o  (b)  2n  (r,  -  r2)o 

(c)  An  (r,  +  r2)o  (d)  An  (r,  -  r2)o 


44.  A  long  metal  rod  of  length  I  and  relative  density  a 
is  held  vertically  with  its  lower  end  just  touching 
the  surface  of  water.  The  speed  of  the  rod  when  it 
just  sinks  in  water  is  given  by 

(a)  72^7  (b)  yflgTa 


(c)  (d)  yl2gl(2a-l) 

45.  A  sphere  of  relative  density  o  and  diameter  D  has 
concentric  cavity  of  diameter  d.  It  will  just  float  on 
water  in  a  tank  if  the  ratio  Did  is 

(cr  +  1) 


(a)  7^77 

(b) 

(rt-i) 

(  n  V/3 

<c)  (/-.) 

(d) 

-1 


1/3 


46.  A  large  block  of  ice  5  m  thick  has  a  vertical  hole 
drilled  through  it  and  is  floating  in  the  middle  of  a 
lake.  The  minimum  length  of  the  rope  required  to 
scoop  up  bucket  full  of  water  through  the  hole  is 
(the  relative  density  of  ice  =  0.9) 

(a)  1  m  (b)  0.9  m 

(c)  0.5  m  (d)  0.45  m 

Hut,  1982 

47.  A  capillary  tube  is  immersed  vertically  in  water 
and  the  height  of  the  water  column  is  x.  When  this 
arrangement  is  taken  into  a  mine  of  depth  d,  the 
height  of  the  water  column  is  y.  If  R  is  the  radius 


of  the  earth,  the  ratio  —  is 


y 


(a) 


(c) 


1-' 

R 

R-d 
R  +  d 


(b) 


(d) 


1+' 

R 

R  +  d 
R-d 


48. 


When  an  air  bubble  of  radius  r  rises  from  the  bot¬ 
tom  to  the  surface  of  a  lake,  its  radius  becomes 
5/74,  the  atmospheric  pressure  being  equal  to  10  m 
height  of  water  column.  If  the  temperature  remains 
constant  and  the  surface  tension  is  neglected,  the 
depth  of  the  lake  is 

(a)  3.53  m  (b)  6.53  m 

(c)  9.53  m  (d)  12.53  m 

49.  Water  rises  to  a  height  h  in  a  capillary  tube  of  area 
of  cross-section  a.  To  what  height  will  water  rise  in 
a  capillary  tube  of  area  of  cross-section  4t7? 


,  ,  h 

(a)  7 


<b)  * 
2 


(c)  2  h  (d)  4  h 

50.  If  W  is  the  amount  of  work  done  in  blowing  a  bub¬ 
ble  of  volume,  V,  what  will  be  the  amount  of  work 
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done  to  blow  a  bubble  of  volume  8  VI 
(a)  2  W  (b)  4  W 

(c)  8  W  (d)  16  W 

51.  If  a  million  tiny  droplets  of  water  of  the  same 
radius  coalesce  into  one  larger  drop,  the  ratio  of 
the  surface  energy  of  the  large  drop  to  the  total 
surface  energy  of  all  the  droplets  will  be 


1CT 


(a)  1:10  (b)  1 

(c)  1 : 104  (d)  1 : 10b 

52.  A  container  of  a  large  uniform  cross-sectional  area 
A  resting  on  a  horizontal  surface  holds  two  immis¬ 
cible,  non-viscous  and  incompressible  liquids  of 

densities  d  and  2d,  each  of  height  —  as  shown  in 

Fig.  11.20.  The  lower  density  liquid  is  open  to  at¬ 
mosphere.  A  homogeneous  solid  cylinder  of  length 

L  \L  <  —  ] ,  cross-sectional  area  —  is  immersed 

such  that  it  floats  with  its  axis  vertical  to  the  liquid- 

L 

liquid  interface  with  length  —  in  the  denser  liquid. 
The  density  of  the  solid  is 


(a) 

3  d 

4  d 

b  — 

2 

3 

5  d 

(c) 

T 

(d)  3d 

<  IIT,  1995 


Fig.  11.20 

53.  A  vessel  containing  water  is  given  a  constant 
acceleration  towards  the  right,  along  a  straight 
horizontal  path.  Which  of  the  diagrams  (Fig.  11.21) 
represents  the  surface  of  the  liquid 


(a)  (b) 


Fig.  11.21 

54.  A  hemispherical  portion  of  radius 
R  is  removed  from  the  bottom  of 
a  cylinder  of  radius  R.  The  vol¬ 
ume  of  the  remaining  cylinder  is  V 
and  its  mass  is  M.  It  is  suspended 
by  a  string  in  a  liquid  of  density 
p  where  it  stays  vertical  (see 
Fig.  11.22).  The  upper  part  of  the 
cylinder  is  at  a  depth  h  below  the 
liquid  surface.  The  force  on  the 
bottom  of  the  cylinder  exerted  by 
the  liquid  is 

(a)  Mg 

(b)  Mg  -  Vpg 

(c)  Mg  +  nR2hpg 

(d)  pg  (V  +  nR2h) 

55.  A  wooden  block  with  a  coin  placed  on  its  top,  floats 
in  water  as  shown  in  Fig.  1 1 .23.  The  distances  /  and 
h  are  shown.  After  some  time  the  coin  falls  into  the 
water.  Then 


/////////// 


h 

C— 2R->- 

Fig.  11.22 


■  IIT,  2001 


Fig.  11.23 

(a)  /  decreases  and  h  increases 

(b)  /  increases  and  h  decreases 

(c)  both  l  and  h  increase 

(d)  both  l  and  h  decrease 

<  IIT,  2005 

56.  Water  is  filled  up  to  a  height  h  in  a  beaker  of  radius 
R  as  shown  in  Fig.  11.24.  The  density  of  water  is 
p,  the  surface  tension  of  water  is  T  and  the  atmo¬ 
spheric  pressure  is  P0.  Consider  a  vertical  section 
ABCD  of  the  water  column  through  a  diameter  of 
the  beaker.  The  force  on  water  on  one  side  of  this 
section  by  water  on  the  other  side  of  this  section  has 
magnitude 
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(a)  |  2P0Rh  +  nRL-pgh  -  2  RT\ 

(b)  |  2P0Rh  +  Rpgh 2  -  2  RT\ 

(c)  |  P0nR2  +  Rpgh2-  2  RT\ 

(d)  |  P0nR2  +  Rpgh2  +  2  RT\ 


Fig.  11.24 

<  IIT,  2007 

57.  A  glass  tube  of  uniform  internal  radius  (r)  has  a 
valve  separating  the  two  identical  ends.  Initially, 


the  value  is  in  a  tightly  closed  position.  End  1  has 
a  hemispherical  soap  bubble  of  radius  r.  End  2 
has  sub-hemispherical  soap  bubble  as  shown  Fig. 
11.25.  Just  after  opening  the  value. 


U  2  Ul 

Fig.  11.25 

(a)  air  form  end  1  flows  towards  end  2.  No 
change  in  the  volume  of  the  soap  bubbles 

(b)  air  from  end  1  flows  towards  end  2.  Volume 
of  the  soap  bubble  at  end  1  decreases 

(c)  no  change  occurs 

(d)  air  from  end  2  flows  towards  end  1.  Volume 
of  the  soap  bubble  at  end  1  increases 

g  IIT,  2008 


ANSWERS 


1.  (d) 

2.  (b) 

3.  (c) 

4.  (a) 

5.  (c) 

6.  (c) 

7.  (a) 

8.  (c) 

9.  (c) 

10.  (d) 

11.  (b) 

12.  (a) 

13.  (b) 

14.  (c) 

15.  (a) 

16.  (b) 

17.  (b) 

18.  (c) 

19.  (d) 

20.  (a) 

21.  (c) 

22.  (b) 

23.  (a) 

24.  (d) 

25.  (b) 

26.  (c) 

27.  (b) 

28.  (b) 

29.  (c) 

30.  (a) 

31.  (b) 

32.  (a) 

33.  (c) 

34.  (b) 

35.  (d) 

36.  (d) 

37.  (a) 

38.  (c) 

39.  (b) 

40.  (d) 

41.  (c) 

42.  (b) 

43.  (a) 

44.  (c) 

45.  (c) 

46.  (c) 

47.  (a) 

48.  (c) 

49.  (b) 

50.  (b) 

51.  (b) 

52.  (c) 

53.  (c) 

54.  (c) 

55.  (d) 

56.  (b) 

57.  (b) 

SOLUTIONS 


1.  Upthrust  =  weight  of  liquid  displaced.  If  V  is  the 
volume  of  the  metal  piece,  then 

x-y  =  Vpwg  (1) 

and  x  -  z  =  V  p,  g  (2) 

Dividing  (2)  by  (1)  we  get,  relative  density  of 
liquid. 

Pi  x-  z 


U-W 

a  =  - 

m 


(m  =  mass  of  the  ball  =  pb  V) 
=  vpwg-vphg  =  0  -pb/pw)g 
PbV  Pb^Pw 


a  = 


1-0.75 

0.75 


Pw  x- y 

So  the  correct  choice  is  (d). 

2.  The  ball  will  hit  the  surface  of  water  with  a  speed 

v  =  a/2 gh  =  yj2xg  x  1  =  JTg  ms~' 

When  the  ball  enters  the  water,  it  experiences  an 
upthrust  U  =  weight  of  water  displaced  =  V  pw  g, 
where  V  =  volume  of  the  ball.  Weight  of  the  ball  is 
W=  V  phg  where  pb  =  density  of  the  ball.  Therefore, 
the  retardation  of  the  ball  moving  inside  water  is 


Initial  velocity  with  which  the  ball  enters  water  is 

v  =  a/2 g  .  If  it  sinks  to  a  depth  H  then  (since  the 

2  2 

final  velocity  =  0,  we  have  from  (v"  -  u  =  2aS), 

0  -  2g  =  2  x  (-£)  H 

=>  H=  3  m,  which  is  choice  (b). 

3.  Let  m  be  the  mass  of  piece  and  V  its  volume.  Then 

m  _3 

V  =  — ,  where  p  =  250  kg  m 

P 
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When  the  piece  is  released,  its  upward  acceleration 
is 

upthrust  -  weight 
mass 


V Pwg~V pg  _  lOOOg  -250g 


=3g 


pV  250 

Velocity  of  the  piece  when  it  reaches  the  surface 
of  water  is  v  =  yjlah  =  ^JlxJ^xl  =  V 6g  . 

It  will  jump  to  a  height  H  above  the  surface  of 
water,  where  H  is  given  by 

H  v2  6  g 

2  g  2g 

4.  Let  pc  be  the  density  of  the  cylinder  and  pw  that  of 

_  mg 


(  m  ^ 


water.  Upthrust  on  cylinder  =  I  —  I  p  g 
p 

(VC7=^) 

Pw 

From  Newton’s  third  law,  the  force  exerted  by  the 
cylinder  on  water  in  the  downward  direction  is 

F=nlS_ 

a 

Increase  in  pressure  at  the  bottom  of  the  vessel 
is 

F  ffl2 

—  =  - ,  which  is  choice  (a). 

A  a  A 


5.  Inside  the  cabin  geff  =  0.  Hence  the  pressure 
outside  the  barometer  tube  is  76  cm  of  mercury,  but 
the  pressure  above  the  tube  is  zero.  Hence  mercury 
will  rise  to  the  full  length  of  the  tube  of  the  barom¬ 
eter,  i.e.  100  cm.  So  the  correct  choice  is  (c). 

6.  Due  to  downward  acceleration  of  the  elevator,  the 
beaker  exerts  a  force  on  the  floor  of  the  elevator. 
From  Newton’s  third  law,  the  floor  exerts  upward 
force  on  the  beaker.  Hence  total  upthrust  on  the 
block  is  greater  than  when  the  system  was  at  rest. 
Hence  the  correct  choice  is  (c). 

7.  Let  px  and  p2  be  the  pressures  at  the  bottom  of  limbs 
A  and  B,  then 

p  x  -  Pi=  h  p  g  (p  =  density  of  liquid) 

If  A  is  the  cross-sectional  area  of  the  U-tube,  the 
force  at  the  horizontal  part  of  the  tube  is 

F  =  (Pi~  Pi)  A  =  h  p  g  A  (1) 

Now  F  =  ma,  where  m  =  pAL  is  the  mass  of  the 
liquid  in  length  L.  Hence 

F  =  pAL  a  (2) 


L  a 

Equating  (1)  and  (2),  we  get  h  =  —  .  So  the 
correct  choice  is  (a).  ° 


8.  Let  the  side  of  the  cube  be  /cm.  The  volume  of  the 
cube  above  the  surface  of  water  =  volume  of  wa¬ 
ter  displaced  due  to  mass  of  200  g.  Therefore, 
mass  of  displaced  water  is  200  g,  its  volume  is  200 
cm3.  Hence  2x1x1  =  200  or  /  =  10  cm.  Hence  the 
correct  choice  is  (c). 

9.  If  m  is  the  mass  of  the  stone  and  V  its  volume,  the 

weight  of  the  water  displaced  by  it  =  pVg  =  p'  x 

m  mg  ,  , .  , 

—  x  g  =  - ,  where  p  is  the  density  ot  water. 

pk 

Therefore,  k  =  pip' .  Thus,  the  buoyant  force  act¬ 
ing  upwards  is  mg/k  whereas  the  weight  mg  of  the 
stone  acts  vertically  downwards.  Therefore,  the 
net  force  in  the  downward  direction  =  mg  —  mgtk 

1  -  —  ) .  If  a  is  the  acceleration  of  the  sinking 
k) 

stone,  then 

ma  =  mg  fl  -  — 


or 


a  =  g 


Hence  the  correct  choice  is  (c). 

10.  After  the  levels  in  the  two  vessels  become  equal, 
the  increase  in  height  of  the  liquid  in  one  vessel  is 

—  (h2  -  hx)  with  the  same  decrease  in  height  in  the 


in  thickness  falls  a  vertical  distance  equal  to  its 
thickness  under  the  action  of  gravity.  Therefore, 
Work  done  by  the  gravity  is 

W  =  mg  X  ^  (h2  -  hx) 

where  mass  of  the  slab  m  is  given  by 

m  =  p  x  V  =  p  x  ^  {h2  -  hx)  x  A 


Therefore  W=  ^  p(h2-hx)xAxgx  ^  (h2  -  /?,) 


1  ? 

=  -  p  A  g  (h2  -  hx) 


11.  Let  a  cylinder  with  radius  of  cross-section  r  be 
filled  with  a  homogeneous  liquid  of  density  p  up  to 
a  height  h. 

Pressure  at  the  bottom  of  the  cylinder,  px  =  pgh 
Pressure  at  the  top  of  the  liquid  surface,  p2  =  0 
Average  pressure  on  the  sides  of  the  cylinder, 


P  = 


Pi  +  Pi 
2 
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or  p  =  p  g  h/2 

Force  on  the  sides  of  the  vessel 


=  average  pressure  x  area 


pgh 

2 


X  2  n  r  h 


2 

=  n  r  p  gh~ 

Force  on  the  bottom  of  the  vessel  =  plnr2  =  pghnr 1 
Two  forces  will  be  equal  if 

2  2 

nr  pgh  =  pghnr  or  h  =  r 


12.  The  correct  choice  is  (a). 

13.  An  extremely  thin  layer  of  a  liquid  can  be  regarded 
as  a  collection  of  a  large  number  of  semi-spheri- 
cal  drops.  Hence  the  excess  pressure  across  a  thin 

layer  of  a  liquid  is  —  instead  of  —  as  in  the 
r  r 

case  of  a  spherical  drop,  where  r  =  d/2.  Therefore, 
excess  pressure  is 


.'.  Force  due  to  surface  tension  pushing  the  two 
plates  together  is 


F  =  excess  pressure  x  area  of  layer 
2  a  A 
d 

Hence  the  correct  choice  is  (b). 

14.  Let  m  be  the  mass  of  the  ball  and  V  its  volume.  Its 
mass  m  =  pV.  The  weight  of  the  ball  is 
W  =  mg  =  pVg 


The  volume  of  the  liquid  displaced  =  V.  If  o  is  the 
density  of  the  liquid,  the  weight  of  the  liquid  dis¬ 
placed  is  the  upthrust  U  it  experiences. 

U  =  Vog 


The  net  downward  force  acting  on  the  body  is 
F  =  W-  U=(p- a)  Vg 


The  initial  acceleration  is 


F  =  (p-o)Vg 
m  pV 


1  p  -  O^ 


g 


V  P  J 

Hence  the  correct  choice  is  (c). 

15.  Refer  to  solution  of  Q.  14.  The  net  downward 
force  acting  on  the  bob  is 


F  =  (p  -  a)  Vg 


'p-a) 
l  P  J 


mg 


('.'  m  =  pV) 


or 


or 


mg'  = 

/ 

g  = 


f  p -o'' 


V 

( 


p 

p-o 


J 

\ 


mg 


g\ 


\  P  J 

This  is  the  effective  acceleration  due  to  gravity. 


V  In  ,  —  =  In 
\g 


pi 


1/2 


\p-c) 

Hence  the  correct  choice  is  (a). 


(p-v)g 

v  T  =  2n  I— 

{  U 


m 


16.  Volume  of  the  block  =  —  .  Now  upthrust  =  weight 

P 

of  water  displaced  =  weight  of  volume  ml p  of  liq- 

TVlO  2 

uid  =  mass  of  volume  ml p  of  liquid  X  g  =  - . 


This  is  the  upward  force  on  the  block  due  to  buoy¬ 


ancy.  The  downward  force  on  the  block  =  its  weight 
=  mg.  The  tension  in  the  string  is  the  net  upward 
force  on  the  block  which  is 


mo  g 

P 


-  mg  = 


'(o-py 

V  P  , 


mg 


Hence  the  correct  choice  is  (b). 

17.  Weight  of  the  ball  W  =  mg  =  oVg.  Upthrust  U  = 
pVg.  Therefore,  the  net  upward  force  acting  on 
the  ball  is 


F=  U-  W  =  (p-  o)  Vg 

Now,  mass  of  the  ball  is  m  =  O  V.  Therefore,  upward 
acceleration  of  the  ball  while  it  is  rising  in  the  liq¬ 
uid  is 

a  =  —  =  .  fPzW 

m  oV  v  o  J 


Velocity  of  the  ball  on  reaching  the  surface  of  water 
is 

v  =  -j2a\  (i) 

This  is  the  initial  upward  velocity  of  the  ball  in  air. 
If  it  rises  to  a  height  h2  in  air,  we  have 

v  =  ^2gh2  (ii) 

Equating  (i)  and  (ii),  we  have  a  hl=  gh2 

or  *2*£  .  Pzl  .  f>_! 

Kg  o  Vcr 


Hence  the  correct  choice  is  (b). 

18.  Let  Vx  be  the  volume  of  block  A  and  px  is  density. 
Then,  from  the  principle  of  flotation,  we  have 
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Pi  V\g  = 


Fi  X  p  X  g 


or 


Pi  = 


3p 

4 


where  p  is  the  density  of  water.  Similarly  for  block 
B  we  have 


jr  ^2  ^P 

Pi  V2  g  =  —  pg  or  p2  =  — 

a_  =  ^px  A  =  9 

p2  4  2p  8 
Hence  the  correct  choice  is  (c). 

19.  The  density  of  the  mixture  is 

total  mass 

P  =  - 

total  volume 


mx  +  m~,  +  7733  H - h  rnf? 


777,  773, 


im 


m„ 


-  +  —  +  —  +  ■■■  +  - 
Pi  P2  P3  Pn 

For  two  substances  mixed  together,  we  have 

=  m\  +  w2  =  K  +W2)PlP2 

?77l+  7731  (mlp2+m2pl) 

Pi  P2 

2  pi  p. 

Given  773  j  =  777,  =  773.  Therefore,  p  =  - - -  . 

IP2+P1) 

Hence  the  correct  choice  is  (d). 

20.  The  density  of  the  mixture  is 

=  777i  +  7732  =  P1V,+P2V2 

V\  +  v2  vl  +  v2 

where  V{  and  V2  are  the  volumes  of  the  two 


substances. 


1 


Given  V:  =  V2  =  V.  Therefore,  p  =  —  (p,  +  p2). 

Hence  the  correct  choice  is  (a). 

21.  Mass  of  water  in  first  tube  is  773  =  nr2hp 

.  hpgr  h'  pgr' 

Now,  surface  tension  a  =  -  =  - 

2  2 

where  h'  is  the  height  to  which  water  rises  in  the 
second  tube  and  /  its  radius.  Since  r'  =  2 r,  h'  =  hi 2, 
the  mass  of  water  in  the  second  capillary  tube  is 

r  /2  7  /  ^ 

?37  =  nr  73  p  =  n  (2r)  —  p 


=  2nr  h  p  =  2m  =  2  x  5  =  10  g 


Hence  the  correct  choice  is  (c). 

22.  The  mass  of  the  liquid  in  a  column  between  x  and 
x+  dx  is 

dm  =  n  r~  p  dx 

Therefore,  the  potential  energy  of  the  liquid  in  a 
column  of  height  h  is 


h  h 

^{nr2^jx  pgdx  =  nr2  pg  Jxc/x 
0  0 

2  h2 

=  nr  pg  — 

=  ( n  r2h  p)  gh/2  =  mgh/2 

Hence  the  correct  choice  is  (b). 

23.  Let  L]  be  the  volume  of  the  bubble  and  P,  the  pres¬ 
sure  on  it  when  it  is  at  the  bottom  of  the  lake.  If  h 
is  the  depth  of  the  lake,  we  have 

P\  =  po  +  hPg 

(here  p  =  density  of  water). 

where  P0  is  the  atmospheric  pressure.  If  V2  is  the 
volume  of  the  bubble  and  P2  the  pressure  on  it  when 
it  reaches  the  surface  of  the  lake,  then 

P2  =  Po 

Pi  =  2vi  (given) 

From  Boyle’s  law,  PlV1  =  P2V2  or  (P0  +  hpg )  Vl 
=  P0  x  2V1,  we  have 

,  P0  0.75x40/3  x9.8 

h  = -  =  -  =  10  m 

pg  1x9.8 


Hence  the  correct  choice  is  (a). 


24.  In  a  capillary  tube  water  rises  to  a  height  h  such 
that  the  hydrostatic  pressure  {hpg)  becomes  equal 
to  the  excess  pressure  p  =  2 a/R,  where  R  is  the 
radius  of  curvature  of  the  meniscus.  A  satellite  in  a 
stable  orbit  around  the  earth  is  in  a  state  of  weight¬ 
lessness,  i.e.  g  =  0.  Thus  the  hydrostatic  pressure 
becomes  zero.  Consequently,  water  will  rise  to  the 
top  to  the  tube.  Hence  the  correct  choice  is  (d). 

25.  Due  to  frictional  force  (which  acts  in  a  direc¬ 
tion  opposite  to  the  direction  of  acceleration)  on 
the  rear  face,  the  pressure  in  the  rear  side  will  be 
increased.  Hence  the  pressure  in  the  front  side  will 
be  lowered.  Thus  the  correct  choice  is  (b). 

26.  Weight  of  sphere  =  weight  of  mercury  displaced  + 
weight  of  oil  displaced 


or 

or 


Vpg  = 
P  = 


V  V 

—  x  13.6  x  g  +  —  x  0.8  x  g 

13.6  +  0.8  „„  -3 

- - -  =  7.2  g  cm 


Hence  the  correct  choice  is  (c). 

27.  The  height  h  is  given  by 

,  2a  cos  6 

h  =  - 

rpg 

Hence  the  only  correct  choice  is  (b). 

28.  The  pressure  due  to  a  small  layer  of  air  of  thickness 
dh  at  a  height  h  above  the  earth  is 
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dp  =  ( dh )  pg 

According  to  the  problem,  density  p  varies  with 
height  h  as 

P  =  Po  e~kh 

dp  =  Pog  e~kh  dh  (1) 

The  atmospheric  pressure  P  is  due  to  the  pressure 
exerted  by  all  the  air  above  the  surface  of  the  earth. 
Integrating  (1)  from  h  =  0  to  h  =  °°,  we  have 

p  =  Pog]e  khdh  =  p^ 
o 


Pog 

k 


0  ‘ 


— 0\ 
e  ) 


Pog 

k 


29.  Let  /  be  the  dimension  of  each  side  of  the  cubical 
vessel.  The  mass  of  water  contained  in  a  height  x  is 
lx  p.  Therefore,  the  work  done  is 

i 

W  =  j  ( l2xpg )  dx 

O 


1  1 2 

2  r  2  / 

=  1  pg  \  xdx  =  I  pg  — 
J  2 

O 


./Vs.  (I)4  x  1000X9.8  ,  4900  J 
2  2 

Hence  the  correct  choice  is  (c). 

30.  When  a  big  drop  breaks  up  into  smaller  drops,  the 
total  surface  area  of  the  smaller  drops  is  more  that 
the  surface  area  of  the  big  drop.  The  increase  in 
the  surface  area  can  be  brought  about  by  supplying 
energy.  Thus  a  big  drop  has  to  absorb  energy  to 
break  up  into  smaller  drops.  On  the  other  hand,  when 
smaller  drops  coalesce  to  form  a  big  drop,  there  is  a 
decrease  in  the  surface  area.  Hence  energy  is  liberat¬ 
ed  in  this  process,  which  is  choice  (a). 

31.  Since  both  balls  have  the  same  volume,  they  expe¬ 
rience  the  same  upthrust.  Since  the  density  of  iron 
is  greater  than  that  of  aluminium,  the  iron  ball  has 
a  greater  mass  and  therefore  a  greater  weight;  it 
therefore  accelerates  more  and  will  reach  the  bot¬ 
tom  before  the  aluminium  ball.  Hence  the  correct 
choice  is  (b). 

32.  Since  the  bubbles  are  in  vacuum,  the  pressure  of  air 

inside  them  are  P,  =  —  and  P2  =  —  ,  where  rx 
r\  r2 

=  3.0  mm  and  r2  =  4.0  mm.  Since  the  temperature 
remains  unchanged,  we  have  from  Boyle’s  law 
Pi  Vi  +  p2v2  =  pv 


4c  4  3  4(j  4  3  4c  4  3 

or  —  •  —  nr,  H - -  —  nr2  =  —  •  —nr 

i\  3  r2  3  ~  r  3 


(1) 


where  r  is  the  radius  of  the  single  bubble  formed. 
From  ( 1),  we  get  r2  =  r\  +  r \  or  r  =  sj +  r2 

=  \j( 3.0)2  +  (4.0)2  =  5.0  mm,  which  is  choice  (a). 

33.  Weight  of  the  liquid  in  the  capillary  tube  (W)  =  mg 


=  nr~  hpg. 
Now 


h  pr  2 

a  =  -  or  hpgr  =  2  c.  Hence 


W  =  2  nai-  =  nod  ( v  d  =  2 r) 

Hence  the  correct  choice  is  (c). 

34.  Since  the  mass  of  the  liquid  in  the  capillary  tube 
can  be  considered  to  be  concentrated  at  the  centre  of 
mass  which  is  at  a  height  hi 2,  the  potential  energy 
is 


nc  h  2  h  n{rhgY  p 
PE  =  mg  —  =  nr  hpg  —  = 


2  g 


Now 


hprg  ,  2c 

c  =  -  or  rhg  =  - 

2  p 


(1) 

(2) 


Using  (2)  in  (1),  we  have 
2(7 


PE  =  — 


2g 


v  p ; 


2no~ 

Pg 


Hence  the  correct  choice  is  (b). 

35.  Force  per  unit  area  exerted  on  the  needle  due  to 
liquid  is 

r 

Pressure  exerted  by  needle  on  the  liquid  is 


Pi  = 


mg  _  nr  Ipg  _  nrpg 


l(2r)  21  r 

For  equilibrium,  Px  =  P2,  i.e. 


c  _  nrpg 
r  2 


Hence  the  correct  choice  is  (d). 

36.  F  =  2  ol.  Work  done  is  W  =  FS  =  2  olS 
=  2x7.0x  10_2x0.1  x  0.001  =  1.4  x  10“7N,  which 
is  choice  (d). 

37.  Let  r  be  the  radius  of  the  common  surface  and  c 
the  surface  tension  of  the  liquid.  When  the  bubbles 
come  together,  the  difference  of  the  excess  pres¬ 
sures  on  either  side  of  the  common  surface  must 
be  equal,  i.e. 

4c  4c  4c 


r\ 


r 
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which  gives  r  = 


r\  >2 


,  which  is  choice  (a). 


'2 

38.  The  bubble  will  be  in  equilibrium  at  a  depth  h  if 

2  a  2o 

excess  pressure  —  =  hpg  or  h  =  - .  Given 

r  rpg 

o=  7.0  x  10~2  Nm_1,  r  =  0.7  x  10~3  m,  p  =  103  kgm~3 
and  g  =  10  ms~2.  Using  these  values  we  get  h  =  4  x 
10-2  m  =  4  cm,  which  is  choice  (c). 

39.  Work  done  is 


W  =  4  nR2  (n1/3  -  1)<7  =  4  nR 1 


*-l 


(1) 


(v  R  =  nm  r) 

4  , 

Heat  produced  Q  =  msAT=  —  nRpsAT  (2) 

Equating  (1)  and  (2)  we  find  that  choice  (b)  gives 
the  correct  expression  for  AT. 


40.  W=: 


1  4  3 

nro .  Now  V=  —  7tr  .  Hence 


W  =  8  no 


\2/3 


,  i.e.  W  °°  Vz 


■2/3 


fw_  y 

An) 

Hence  the  correct  choice  is  (d). 

41.  Total  length  of  wire  is  L  =  2  nR.  Since  the  film  is  in 
air,  force  on  frame  =  2a  x  L  =  2 a  x  2 nR  =  4naR. 
Hence  the  correct  choice  is  (c). 

42.  Tension  =  a  x  2 nr  =  2 nor,  which  is  choice  (b). 

43.  Force  =  2 nrx  a+  2nr2a  =  2n(rx  +  r2)a  which  is 
choice  (a). 

44.  Let  the  densities  of  metal  and  water  be  p  and  p0 
respectively  and  let  x  be  the  length  of  the  rod 
immersed  in  water  at  an  instant  of  time  t.  Then, 
acceleration  at  that  instant  =  apparent  weight 
divided  by  mass  of  the  rod,  i.e. 


dv 

dt 


nr"  l pg-  n r  x p0g 


nr2 1  p 


g 


g 


gxPo 

Ip 


1-^ 

ol 


dv  d x 


or- 


g 


1- 


V 


or  v 


g 


al 


d x  dt 
dv 
d  x 

Integrating,  we  have 

„2 

■  =g  \x-- 


X 

ol 


V 


2  ol 


g 


',-±> 

v  2  o  J 


or 


p  =  J2gl 


1 - 

2o 


which  is  choice  (c). 


45.  Let  p  be  the  density  of  the  sphere  and  p0  that  of 

4  2  3 

water.  Volume  of  metal  =  —  n(  R  -  r  )  and  volume 

of  water  displaced  =  j  nR'.  From  the  principle  of 
floatation,  we  have 

j  *(Ri  ~r3)  PS=  \  kR: 3  Po  g 


or 


or 


(P3  -  r3)  -P-  =  R2 
Po 

(P3  -  r3)o  =  R3 


which  gives  —  = 

r  ya¬ 


rn 


Hence  the  correct  choice  is  (c). 

46.  Let  h  be  the  height  of  the  block  and  A  its  area  of 
cross-section.  Weight  of  ice  block  =  Ahg  x  0.9.  If  x 
is  the  height  of  the  block  immersed  in  water,  then 
the  weight  of  water  displaced  =  Axg.  Equating  the 
two  we  get  x  =  0.9  h.  Height  above  the  surface  of 
water  =  h  -  0.9  h  =  0. 1  h  =  0. 1  x  5  m  =  0.5  m.  Hence 
the  correct  choice  is  (c). 

x  prg 

47.  On  earth’s  surface,  <7=  1 - 


In  the  mine. 


a  =  yprgd 


X  u  8  1_ A 

Dividing,  we  get  —  =  —  =  — - 

y  g  g 

=  l-± 

R 

Hence  the  correct  choice  is  (a). 

48.  Let  the  depth  of  the  lake  be  h  metre.  Since  the  temper¬ 
ature  remains  constant,  we  have,  from  Boyle’s  law. 
Px  Vx  =P2  Vi 

or  ( h  +  10)  x  ^  r3  =(10)  x 


or 


125 

(. h  +  10)  =  10  x  — 
64 


which  gives  h  =  9.53  m.  Hence  the  correct  choice 
is  (c). 

49.  Area  of  cross-section  a  =  nr2. 

Therefore  r  =  -Jain  .  In  terms  of  a,  the  height  to 
which  a  liquid  rises  in  a  capillary  tube,  is  given  by 
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_  2<tcos  0  _  24kgcos6 
rpg  4ct  pg 

Thus,  h  is  inversely  proportional  to  4a  .  If  a  is 
increased  4  times,  h  will  decrease  by  a  factor  of  2. 
Hence  the  correct  choice  is  (b). 

50.  Work  done  to  blow  a  bubble  of  radius  r  is 
W  =  4kgf2 


Buoyant  force  acting  on  the  cylinder  is 
Fb  =  weight  of  denser  liquid  displaced 

+  weight  of  lighter  liquid  displaced 

A  L  A  3L 

=  — x  —  x  2 dx  g  +  —  x  —  x  dx  g 

5  4  5  5  4 

1  3  \  1 

10  20  y  s  4  s 


4k  3 

In  terms  of  volume  V  =  —  r  ,  we  have 

3 


W  =  4kg 


W_ 
\4  nj 


Now,  work  done  to  blow  a  bubble  of  volume  8  V 
is 


W  =  4  no 


3  x  8  L 
4n  j 


.  ,  3V 

=  4kg  |  — 

.  4k  j 


x  (8)2/3  =  4  W 


Hence  the  correct  choice  is  (b). 

51.  Let  r  be  the  radius  each  droplet  and  R  be  the  radius 
of  the  big  drop  which  is  made  up  of  a  million  (106) 
tiny  droplets.  Since  the  total  volume  is  the  same,  we 
have 


V-  10‘x  ^ 


4  kR’ 


which  gives  R3  =  1 06  r 3  or  R  =  1 00  r. 

Now,  the  surface  energy  of  a  drop  of  radius  r  is 
given  by 

S  =  4k  4  G 


From  the  principle  of  floatation, 

W  =  Fb 

1  1  5  d 

or  —  ALDG  =  —  ALdg  or  D  =  — ,  Which  is 
5  4  4 

choice  (c). 

53.  Any  volume  element  V  of  the  liquid  (Fig.  11.26) 
experiences  two  forces,  weight  mg  acting  verti¬ 
cally  downwards  and  the  inertial  force  ma  acting 
opposite  to  the  direction  of  a.  The  resultant  of  mg 
and  ma,  namely  F,  is  shown  in  Fig.  11.26.  The 
hydrostatic  thrust  T  on  the  volume  element  is  equal 
and  opposite  to  F.  The  level  of  the  liquid  will  be 
perpendicular  to  the  direction  of  the  thrust.  The 
correct  choice  is  (c). 


where  o  is  the  surface  tension  of  water.  The  surface 
energy  of  one  million  drops  will  be 
Ex  =  4kf2g  x  106 

The  surface  energy  of  one  big  drop  is 
E2  =  4kR2g 

•  h.  =  f*?x_L  -  -  — 

'  £,  l  r)  to6  l  r  J  106  102 

Hence  the  correct  choice  is  (b). 

52.  Mass  of  solid  cylinder  =  cross-sectional  area  X 
length  x  density 

A  1 

=  —  X  L  X  D  =  -  ALD 
5  5 

.'.Weight  of  solid  cylinder  ( W)  =  -  ALDg 


Fig.  11.26 

54.  Force  on  the  bottom  of  the  cylinder  =  weight  of  the 
remaining  cylinder  +  force  due  to  the  liquid  above 
the  cylinder 

=  Mg  +  Ahpg  =  Mg  +  kR2  hpg,  which  is  chioce  (c). 

55.  When  the  coin  falls  into  water,  the  downward  force 
reduces  causing  the  block  to  rise  thus  decreasing 
/.  Since  the  density  of  the  coin  is  greater  then  that 
of  water,  the  volume  of  coin  will  be  less  than  the 
volume  of  the  liquid  displaced,  causing  a  decrease 
in  h.  Hence  the  correct  choice  is  (d). 

56.  Let  us  find  the  force  exerted  on  water  in  the  right 
side  of  section  ABCD.  This  force  F  =  force  f  due 
to  pressure  on  the  left  side  of  section  ABCD  +  force 
f2  due  to  surface  tension  .  Now 
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f  =  pressure  at  the  center  X  area  of  ABCD 
h 

P0  +  —pg  J  2 Rh  directed  towards  right 

/2  =  surface  tension  x  length  A  B 

=  T  x  2R  =  2RT  directed  toward  left 

F  =  (V0  +  x  2 Rh  -  2RT 

=  [2 P0  Rh  +  Rpgh2  -  2 RT] 


57.  Excess  pressure  across  a  bubble  is  inversely  pro¬ 
portional  to  the  radius  of  the  bubble,  i.e.  Ap  —  . 

r 

Since  the  value  of  r  of  the  sub-hemispherical  bub¬ 
ble  is  more  than  that  for  a  hemispherical  bubble,  the 
excess  pressure  across  the  bubble  at  end  2  is  less 
than  that  at  end  1 .  Hence  air  from  end  1  will  flow 
towards  end  2  resulting  in  a  decrease  in  the  volume 
of  the  bubble  at  end  1 .  Thus  the  correct  choice  is 

(b). 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Which  physical  quantity  has  the  dimensional 
formula  ML1  T  2? 

(a)  Pressure  (b)  Surface  tension 

(c)  Stress  (d)  Young’s  modulus 

2.  Which  of  the  following  are  dimensionless? 

(a)  Strain  (b)  Relative  density 

(c)  Poisson’s  ratio  (d)  Shear  modulus 

3.  The  dimensions  of  pressure  as  the  same  as  those 
of 

(a)  Stress  (b)  Young’s  modulus 

(c)  Surface  tension  (d)  Bulk  modulus. 

4.  Choose  the  correct  statements  from  the  following: 

(a)  A  body  will  sink  in  a  liquid  if  its  weight  is 
equal  to  or  greater  than  the  weight  of  the 
liquid  displaced  by  it. 

(b)  A  body  will  float  in  a  liquid  if  its  weight  is 
equal  to  or  less  than  the  weight  of  the  liquid 
displaced  by  it. 

(c)  When  a  body  floats  in  a  liquid,  the  portion 
of  the  body  above  the  surface  of  the  liquid 
is  independent  of  the  density  of  the  body 
relative  to  that  of  the  liquid. 

(d)  In  still  air,  a  hydrogen-filled  balloon  rises  up 
to  a  certain  height  and  then  stops  rising. 

5.  A  spring  balance  A  reads  2  kg  with  a  block  sus¬ 
pended  from  it.  Another  balance  B  reads  5  kg  when 
a  beaker  with  liquid  is  put  on  the  pan  of  the  balance. 
When  the  block  is  immersed  in  water 

(a)  the  balance  A  will  read  more  than  2  kg 

(b)  the  balance  B  will  read  more  than  5  kg 

(c)  the  balance  A  will  read  less  than  2  kg 

(d)  the  balance  A  will  read  2  kg  and  the  balance 
B  will  read  5  kg. 

<  TIT,  1985 


6.  Choose  the  wrong  statements  from  the  following. 
A  block  of  wood  is  floating  in  a  lake.  The  apparent 
weight  of  the  floating  block  is 

(a)  equal  to  its  true  weight 

(b)  less  than  its  true  weight 

(c)  more  than  its  true  weight 

(d)  equal  to  zero 

7.  Choose  the  wrong  statements  from  the  following. 
A  boat  carrying  a  large  number  of  stones  is  floating 
in  a  water  tank.  If  the  stones  are  unloaded  into  the 
water  in  the  tank,  the  level  of  water 

(a)  remains  unchanged 

(b)  rises 

(c)  falls 

(d)  falls  at  first  and  then  rises  to  the  same  level 
as  before. 

<  IIT,  1979 

8.  A  cube  of  ice  is  floating  in  a  liquid  of  relative 
density  1.2  contained  in  a  beaker.  When  the  ice 
melts,  the  level  of  water  in  the  beaker 

(a)  rises 

(b)  falls 

(c)  remains  unchanged  if  the  liquid  is  water. 

(d)  rises  if  the  liquid  is  water. 

9.  A  piece  of  ice,  with  a  stone  frozen  inside  it,  is 
floating  in  water  contained  in  a  beaker.  When  the 
ice  melts,  the  level  of  water  in  the  beaker 

(a)  rises 

(b)  falls 

(c)  remains  unchanged 

(d)  falls  at  first  and  then  rises  to  the  same  height 
as  before. 

10.  Choose  the  wrong  statements  from  the  following. 
A  block  of  wood  floats  in  a  liquid  in  a  beaker  with 
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3/4ths  of  its  volume  submerged  under  the  liquid.  If 
the  beaker  is  placed  in  an  enclosure  that  is  falling 
freely  under  gravity,  the  block  will 

(a)  float  with  3/4ths  of  its  volume  submerged 

(b)  float  completely  submerged 

(c)  float  with  any  fraction  of  its  volume  sub¬ 
merged 

(d)  sink  to  the  bottom. 

11.  Choose  the  wrong  statements  from  the  following. 
A  body  floats  in  a  liquid  contained  in  a  beaker.  The 
whole  system  falls  freely  under  gravity.  The  up¬ 
thrust  on  the  body  due  to  the  liquid  is 

(a)  zero 

(b)  equal  to  the  weight  of  the  liquid  displaced 

(c)  equal  to  the  weight  of  the  body  in  air 

(d)  equal  to  the  weight  of  the  immersed  portion 
of  the  body. 

12.  A  cubical  block  of  steel  1 0  cm  on  each  side  is  float¬ 
ing  on  mercury  in  a  vessel.  The  height  of  the  block 
above  the  mercury  level  is  hx.  Water  column  of 
height  h2  is  now  poured  into  the  vessel  so  that  it 
just  covers  the  steel  block.  Density  of  steel  =  7.8  x 
1 03  kg  m  !  and  that  of  mercury  =  1 3 . 6  x  1 03  kg  m  3 . 
The  values  of  hx  and  h2  are 

(a)  hx  =  2.3  cm  (b)  hx  =  4.3  cm 

(b)  h2  =  4.6  cm  (d)  h2  =  7.6  cm 

13.  A  spring  balance  reads  10  kg  when  a  bucket  of 
water  is  suspended  from  it.  It  reads  Wx  when  an  ice 
cube  of  mass  1.5  kg  is  put  into  the  bucket  and  it 
reads  W2  when  an  iron  piece  (relative  density  7.2) 
of  mass  7.2  kg  suspended  from  another  string  is 
immersed  with  half  its  volume  inside  the  water  in 
bucket.  Then 

(a)  Wx  =  10  kg  (b)  Wx  =  11.5  kg 

(c)  W2  =  10.5  kg  (d)  W2=  11  kg 

14.  A  U-tube  is  filled  with  two  immiscible  liquids  of 
densities  px  and  p2  as  shown  in  Fig.  1 1 .27.  If  PA,  PB, 
Pc  and  PD  are  the  pressures  at  points  A,  B,  C  and  D 
respectively,  then 


Fig.  11.27 


(a)  PA  =  PB  (b)  Pc  =  Pd 

(c)  Pi  >p2  (d)  J-  =  — 

Pi 

15.  A  wire  is  found  to  have  a  length  L  when  it  is  load¬ 
ed  with  a  block  of  mass  M  and  relative  density  n. 
When  the  block  is  immersed  in  water,  the  length  of 
the  wire  reduces  by  x,  then 

(a)  weight  of  water  displaced  when  the  block  is 

,  .  .  Mg 

immersed  in  water  is  - . 

n 

(b)  the  apparent  loss  of  weight  due  to  immersion 

is  Mg  |l  -  . 

(c)  the  original  length  of  the  wire  before  it  was 
loaded  is  Lx  =  L  ~  nx. 

(d)  Lx  =  L  —  xln. 

16.  A  metal  block  weighs  2.4  N  in  air,  2.0  N  in  water 
and  1.9  N  in  a  liquid.  Then 

(a)  relative  density  of  metal  is  6. 

(b)  relative  density  of  metal  is  4.8. 

(c)  relative  density  of  liquid  is  0.8. 

(d)  relative  density  of  liquid  is  1.25. 

17.  A  cylinder  is  partly  filled  with  a  liquid  and  then 
sealed.  The  pressure  on  the  surface  of  the  liquid  is 
P  and  the  force  exerted  at  the  bottom  of  the  cylinder 
is  F.  If  some  air  is  removed  from  the  cylinder  with 
the  help  of  a  vacuum  pump,  then 

(a)  P  will  decrease  and  F  will  increase 

(b)  P  and  F  both  will  decrease 

(c)  the  liquid  level  in  the  cylinder  rises 

(d)  the  liquid  level  remains  unchanged. 

<  IIT,  1991 

18.  A  U-tube  of  cross-sectional  area  a  is  filled  with  a 
liquid  of  density  p.  Air  is  blown  into  arm  A  until 
the  liquid  levels  in  the  two  arms  are  shown  in  Fig. 
11.28.  The  blowing  is  then  stopped.  The  initial  re¬ 
storing  force  is  F.  When  the  liquid  comes  to  rest, 
the  loss  in  potential  energy  is  U.  Then 


B 


Fig.  11.28 
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(a)  F  =  2apgh  (b)  F  =  apgh 

(c)  U  =  2apgh 2  (d)  U  =  apgh 2 

19.  A  uniform  cylinder  of  density  p  and  cross-sectional 
aera  A  floats  in  equilibrium  in  two  non-mixing  liq¬ 
uids  of  densities  p,  and  p2  as  shown  in  Fig.  11.29. 
The  length  of  the  part  of  the  cylinder  in  air  is  h  and 
the  lengths  of  the  part  of  cylinder  immersed  in  the 
liquid  are  hx  and  h2  as  shown  in  the  figure. 


Cylinder 


(b)  (7  = 


F8 

2  sin  6 


(c)  If  y  «  a,  then  a  = 


pga_ 

2  y 


(d)  If  y  «  a,  then  o  = 


pga_ 

y 


End-on  view 


Fig.  11.29 


Fig.  11.30 


(a)  A  =  Aj^  +  lj-A2  ^  +  lj 

(b)  h  =  hi[^~ lj  +h2  ^-lj 

(c)  The  cylinder  is  depressed  in  such  a  way  that 
its  top  surface  is  just  covered  by  the  liquid 
of  density  p,  and  then  released.  The  restoring 
force  acting  on  the  cylinder  is  F  =  hAp2g. 

(d)  In  choice  (c)  above,  the  acceleration  of  the 

cylinder  is  a  = 

(h  +  hx  +h2)p 

<  IIT,  2002 

20.  A  container  of  width  2 a  is  filled  with  a  liquid.  A  thin 
wire  of  mass  per  unit  length  p  is  gently  placed  on 
the  middle  of  the  surface  as  shown  in  Fig.  1 1 .30.  As 
a  result  the  liquid  surface  is  depressed  by  a  distance 
y.  The  surface  tension  of  liquid  is  given  by 


<  IIT,  2004 

21.  Two  solid  spheres  A  and  B  of  equal  volumes  but 
of  different  densities  dA  and  dB  are  connected  by 
string.  They  are  fully  immersed  in  a  fluid  of  density 
dF .  They  get  arranged  into  an  equilibrium  state  as 
shown  in  Fig.  11.31  with  a  tension  in  the  string.  The 
arrangement  is  possible  only  if 
(a)  dA  <  dF  (b)  dB  >  dF 

(c)  dA  ^  dp  (d)  dA  dB  2dp 


(a)  cr  = 


F8 

2cos0 


IIT,  2011 


ANSWERS  AND  SOLUTIONS 

1.  The  correct  choices  are  (a),  (c)  and  (d). 

2.  The  correct  choices  are  (a),  (b)  and  (c). 

3.  The  correct  choices  are  (a),  (b)  and  (d). 

4.  Choice  (a)  is  incorrect.  A  body  will  sink  if  its 
weight  is  greater  than  the  upthrust.  Choice  (b)  is 
correct.  Choice  (c)  is  incorrect.  Choice  (d)  is  cor¬ 
rect.  The  density  of  hydrogen  is  less  than  that  of 
air.  Therefore,  initially,  the  balloon  rises  because 


the  upthrust  due  to  air  is  greater  than  the  weight 
of  the  hydrogen-filled  balloon.  The  density  of  air 
decreases  as  we  go  up.  Therefore,  the  upthrust  on 
the  balloon  also  decreases.  It  will  stop  rising  when 
it  attains  a  height  at  which  the  upthrust  becomes 
equal  to  its  weight. 

5.  Due  to  the  upward  force  of  buoyancy  on  the  block  ex¬ 
erted  by  the  liquid,  the  apparent  weight  of  the  block 
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will  be  less  than  2  kg.  Hence  choice  (c)  is  correct.  The 
hanging  block  exerts  a  downward  force  on  the  liquid 
(and  the  beaker)  equal  in  magnitude  to  the  upward 
buoyant  force.  Therefore,  balance  B  will  read  more 
than  5  kg.  Hence  choice  (b)  is  also  correct. 

6.  Statements  (a),  (b)  and  (c)  are  wrong. 

7.  Let  M  and  m  be  the  masses  of  the  boat  and  the 
stones  respectively.  The  volume  of  the  water  dis¬ 
placed  by  the  boat  and  the  stones  in  it  is 


M  +  m 

Pw 


(1) 


where  pw  is  the  density  of  water. 

When  the  stones  are  unloaded  into  water,  the  vol¬ 
ume  of  water  displaced  by  the  boat  will  be 


If  ps.  is  the  density  of  the  stones,  the  volume  of  water 
displaced  by  the  stones  will  be 


V  =  — 


Total  volume  of  water  displaced,  in  this  case,  is 
V'=Vb+  V s 


M 

Pw 


1 


f 


m 

Ps  Pw  V 


M  + 


Ps  ) 


(2) 


Since  ps  >  pw,  it  follows  from  Eqs  (1)  and  (2)  that 
V  <  V.  Thus  the  volume  of  water  displaced  when 
the  stones  are  unloaded  into  water  is  less  than  the 
volume  of  water  displaced  when  the  stones  were  in 
the  boat.  Hence  the  level  of  water  in  the  tank  will 
fall  when  the  stones  are  unloaded  into  water.  Hence 
the  incorrect  choices  are  (a),  (b)  and  (d). 

8.  Figure  11.32  (a)  shows  a  liquid  of  density  p,  con¬ 
tained  in  a  beaker  filled  up  to  level  A.  When  a  block 
of  ice  of  mass  m  floats  in  the  liquid,  let  the  level 
of  liquid  rise  to  B  as  shown  in  Fig.  11.32  (b).  AB 
is  the  increase  in  the  level  of  the  liquid.  If  V  is  the 
volume  of  the  liquid  displaced  by  the  block  of  ice, 
then  from  the  principle  of  floatation, 
weight  of  ice  block  =  weight  of  the  liquid  displaced 


171 

i.e.  mg  =  Vpjg  or  V  =  —  (1) 

Pi 


B 

Ice 

C 

—  j 

m 

F 

_  _  A 

—  — j 

xxxxSi 

•  — 

_ A 

Turn 

mu 

mu 

mu 

him 

E  E 

mu 

E  E 

(a)  (b)  (c) 


Fig.  11.32 


When  the  ice  melts  completely,  let  the  level  of  liquid 
+  water  formed  be  at  C  as  shown  in  Fig.  11.32  (c). 
The  volume  contained  in  the  height  AC  is  due  to 
the  ice  converted  into  water.  Let  this  volume  be  V'. 
Then 

(2) 

Pw 

where  pw  is  the  density  of  water.  From  (1)  and  (2), 
we  have 

^  =  Pj_ 

V  Pw 

Given  —  =  1.2.  Hence  V  >  V.  Hence  the  level 

Pw 

of  the  liquid  in  the  beaker  will  rise.  If  the  liquid  in 
the  beaker  has  density  less  than  that  of  water,  then 
V'  <  V.  Hence,  in  this  case,  the  level  of  the  liq¬ 
uid  will  fall.  If  the  liquid  in  the  beaker  were  water 
(pf  =  pw),  V'  =  V.  Hence,  in  this  case,  the  level  of  the 
liquid  would  remain  unchanged.  Hence  the  correct 
choice  are  (b)  and  (c). 

9.  Let  the  mass  of  ice  be  mx  and  the  mass  of  stone 
be  m2.  The  mass  of  the  displaced  water  is  equal  to 
{mx  +  m2).  If  p  is  the  density  of  water,  the  volume 
of  water  displaced  is 

V  =  ( mx  +  m2)/p 

When  the  ice  melts,  additional  volume  of  water 
obtained  is  mx!p.  The  stone  sinks  in  water,  and  dis¬ 
places  a  volume  of  water  equal  to  its  own  volume, 
which  is  m2/ps  where  ps  is  the  density  of  stone. 
Thus  the  total  volume  of  extra  water  is 

y,  =  mL+rrh 

P  Ps 

1  1 

Since  ps  >  p,  —  <  — 

Ps  P 

V  <  V.  Therefore,  level  of  water  in  beaker  de¬ 
creases. 

10.  When  the  beaker,  with  the  block  floating  in  the  liq¬ 
uid,  is  falling  freely  under  gravity,  both  its  weight 
and  upthrust  will  be  zero.  Hence  the  block  will  float 
with  any  fraction  of  its  volume  submerged.  Thus 
choice  (a),  (b)  and  (d)  are  wrong. 

11.  For  a  body  falling  freely  under  gravity,  the  effective 
value  of  g  is  zero.  Hence  the  upthrust  is  zero.  Thus 
choice  (b),  (c)  and  (d)  are  wrong. 

12.  Volume  of  steel  block  =  lOx  lOx  10  =  103  cm3 

=  1 0  3  nr  ' 

(a)  Let  /?[  be  the  height  of  the  block  above  the 
mercury  surface. 

Volume  of  mercury  displaced 


11.26 
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=  (0.1  -  hi)  X  0.1  X  0.1  m3 

Weight  of  mercury  displaced 

=  (0.1  -  h{)  x  0.1  x  0.1  x  13.6  x  103  g 
newton 

This  must  be  equal  to  the  weight  of  block  which 
is 

7.8  x  1 03  x  1 0  3  x  g  newton  =  7.8  x  g  newton 
(0.1  -  hi)  x  0.1  x  0.1  x  13.6  x  103  x  g 

=  7.8  xg 

which  gives  hx  =  0.0426  m  =  4.26  cm 
(b)  Let  h2  be  the  height  of  the  water  column  required 
to  just  submerge  the  steel  block.  Thus 
weight  of  the  block  =  weight  of  water  displaced  + 
weight  of  mercury  displaced. 

i.e.  7.8  xg  =  h2  x  0.1  x  0.1  x  1000  x  g  +  (0.1 
-  h2)  x  0.1  x  0.1  x  13.6  x  103  x  g  which 

gives  h2  =  0.046  m  =  4.60  cm.  Hence  the  correct 
choice  are  (b)  and  (c). 

13.  When  an  ice  cube  of  mass  1.5  kg  is  dropped  into 
the  bucket,  the  total  mass  of  the  system  suspended 
from  the  spring  balance  will  be  10  kg  +  1.5  kg  = 
11.5  kg.  Hence  the  balance  will  rad  11.5  kg. 

Since  the  relative  density  of  iron  is  7.2,  its  density 
is  7.2  x  103  kg  m  Therefore,  the  volume  of  the 
iron  piece  is 

V-  = - 7,2  ke  ,  ,0->  m> 

density  7.2x10  kg  m 

Now,  volume  of  iron  piece  under  water  is  —  , 
which  is  the  volume  of  water  displaced  by  it.  Hence 


weight  of  water  displaced 

=  volume  displaced  x  density  of  water  x  g 


=  —  g  newton  =  weight  of  0.5  kg 

(v  V=  1 0~3  m3) 

This  is  the  buoyant  force  exerted  by  water  on  the 
iron  piece.  Hence  the  iron  piece  will  exert  an  equal 
force  on  water  in  the  downward  direction,  which 
will  increase  the  reading  of  the  balance  by  0.5  kg. 
Hence,  the  spring  balance  will  read  10  kg  +  0.5  kg 
=  10.5  kg.  Hence  correct  choice  are  (b)  and  (c). 

14.  Pressure  at  A  and  B  is  atmopheric.  Hence  choice 
(a)  is  correct.  For  a  liquid  at  rest  the  pressure  at  the 
same  horizontal  level  is  the  same.  So  choice  (b)  is 
also  correct.  Now,  if  P0  is  the  atmospheric  pres¬ 
sure, 

PC  =  Po  +  P\h\  g  and  Pd  =  Pq  +  Pi  h 2  g 


/?  o 

Since  Pc  =  PD,  pxhx  =  p2h2  or  -1  =  -2- . 

^2  Pi 

Since  h,  >  h2 ;  p,  <  Ot.  Hence  the  correct  choices  are 
(a),  (b)  and  (d). 

M 

15.  Volume  of  block  V  =  —  where  p  =  density  of 

P 

block.  Therefore,  volume  of  water  displaced  =  V. 

Weight  of  water  displaced  is  W  =  Vp^g  =  — —  g 

Mg  P 

=  -  where  pw  is  the  density  of  water  and 


n  =  p  /pw.  Hence  choice  (a)  is  correct. 

Mg 


Apparent  loss  of  weight  =  Mg  - 


=  Mg  1  — 
n 


which  is  choice  (b). 

If  Lx  is  the  original  length  of  the  unloaded  wire, 

F  L 

then  Young’s  modulus  is  7= - 

A  A L 

Before  the  block  immersed  in  water,  A L=  (L  -  Lx) 
and  F  =  Mg.  Hence 


Y  =  MgL  i 


A(L-LX 


(1) 


After  the  block  is  immersed  in  water,  AL  =  (L-Lx-x) 
and  F  =  Mg  (l  -  — ) .  Hence 


A(L  —  Lj  -  x) 


(2) 


Equating  (1)  and  (2)  and  simplyfing,  we  get 
Lx=  L  -  nx. 

Hence  the  correct  choices  are  (a),  (b),  and  (c). 

16.  Relative  density  of  metal 

weight  in  air  2.4 

— - —  6 

loss  of  weight  in  water  2.4  -  2.0 


Relative  density  of  liquid 

loss  of  weight  in  liquid 
loss  of  weight  in  water 


2.4 - 1.9 

2.4 - 2.0 


0A 

0.4 


=  1.25 


Hence  the  correct  choices  are  (a)  and  (d). 

1 7.  The  weight  of  air  above  the  liquid  surface  decreases. 
Hence  P  and  F  both  will  decrease.  Since  the 
volume  of  the  liquid  does  not  change,  the  level  of 
the  liquid  will  remain  unchanged.  Hence  the  correct 
choice  are  (b)  and  (d). 

1 8.  Since  the  liquid  column  in  left  ann  is  higher  by  2 h  that 
in  the  right  arm,  the  mass  of  this  column  of  liquid 
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is  m  =  lapg.  The  weight  mg  provides  the  restoring 
force  of  magnitude  F  =  mg  =  2 apgh.  Hence  choice 
(a)  is  correct.  The  liquid  column  will  oscillate  for 
some  time  and  will  eventually  come  to  rest  due  to 
viscous  effects.  When  this  happens,  the  height  of  liq¬ 
uid  column  in  each  arm  will  be  2 h.  Therefore,  change 
in  level  in  each  arm  =  h.  Hence  loss  of  P.E.  =  mgh  = 
( aph)gh  =  apgh 2 .  Hence  the  correct  choice  is  (d). 

19.  From  the  principle  of  floatation, 
weight  of  cylinder  =  net  upthrust 
=>  (  h  +  hx  +  h2)  Apg  =  pxhxA  +  p2h2A 

Solving  for  h,  we  find  that  choice  (a)  is  wrong  and 
choice  (b)  is  correct. 

When  the  cylinder  is  depressed  such  that  its  top  sur¬ 
face  is  at  the  level  of  the  liquid  of  density  px,  then 
the  length  of  the  cylinder  immersed  in  px  remains 
equal  to  hx  but  the  length  of  the  cylinder  immersed 
in  p2  increases  by  h.  The  extra  upthrust  due  to  this 
additional  immersion  in  liquid  of  density  p2  is  F 
=  hAp2g  which  provides  the  restoring  force.  So 
choice  (c)  is  correct.  Now  total  mass  of  cylinder  is 
M=  (  h  +  hx  +  /?2)  pA. 


’.Acceleration  a  =  —  = 
M 


hAp2g 

(/*  +  /?!  +  h2 )  pA 


=  hp2g 
p(h  +  hx  +h2) 

Hence  choice  (d)  is  wrong. 

20.  Let  o  be  the  surface  tension  of  the  liquid  and  l  be 
the  length  of  the  wire.  Weight  of  wire  is 
W  =  pig 

and  force  due  to  surface  tension  is /=  a  1.  The  forces 
acting  on  the  wire  are  shown  in  Fig.  1 1.33. 


a  f cos  9 


Fig.  11.33 

The  horizontal  components  /  cos  0  cancel  each 
other  but  the  vertical  components  /  sin  9  add  up. 
Therefore,  for  equilibrium,  we  have 
2/ sin  9=  W 
or  2a  I  sin  9  =  pig 

or  a  —  — —— —  (1) 

2  sin  9 


It  is  clear  from  the  diagram  that 

tan  9  =  — 
a 

If  y  «  a,  angle  9  will  be  very  small  and  tan  9  - 
sin  9  where  9  is  in  radian.  Thus 

sin  9  =  —  (2) 

a 

Using  (2)  in  (1),  we  get 

<T=  ^ ga 

2  y 

Hence  the  correct  choices  are  (b)  and  (c). 

21.  Let  Fbe  the  volume  of  each  sphere  and  let  T  be  the 
tension  in  the  string. 

Buoyant  force  on  sphere  A  is  UA  =  d¥Vg 
Buoyant  force  on  sphere  B  is  UB  =  dFVg 
Weight  of  A  is  W A  =  dAVg 
Weight  of  B  is  WB  =  dBVg 

The  free  body  diagrams  of  A  and  B  are  as  follows, 
(see  Fig.  11.34) 

For  equilibrium, 

UA  =  T  +  WA  and  UB  +  T  =  WB 

i.e.  dFVg  =  T  +  dAVg  (i) 

and  dFVg  +  T  =  dBVg  (ii) 


From  Eq.  (i)  dF=  —  +  dA.  Hence  dF  >  dA.  So  choice 

Vg 

(a)  is  correct. 


Fig.  11.34 

T 

From  Eq.  (ii)  dB  =  —  +  dF.  Hence  dB  >  dF.  So 

Vg 

choice  (b)  is  also  correct. 

Eliminating  T  from  Eqs.  (i)  and  (ii)  we  get 
2 dF  =  dA  +  dB,  which  is  choice  (d). 

So  the  correct  choices  are  (a),  (b)  and  (d). 
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Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

The  earth’s  atmosphere  is  a  mixture  of  gases  such  as 
nitrogen,  oxygen,  tiny  amounts  of  carbon  dioxide  and 
traces  of  other  gases.  Because  of  the  pull  of  gravity,  these 
gases  tend  to  accumulate  near  the  surface  of  the  earth. 
The  weight  of  these  gases  causes  an  atmospheric  pressure 
of  about  105  Pa  on  the  surface  of  the  earth.  Because  the 
density  of  air  decreases  with  height  ( h )  above  the  surface 
of  the  earth,  the  atmospheric  pressure  (P)  decreases  with 
h.  In  fact  P  varies  with  h  as 

P  =P0  e~hlK 

where  P0  =  atmospheric  pressure  at  sea-level  ( h  =  0) 
and  h0  is  a  constant. 

1.  The  dimensional  formula  for  constant  h0  is 

(a)  [M°L°T°]  (b)  [M°L  T°] 

(c)  [M  L°T°]  (d)  none  of  these 

2.  The  pressure  gradient  dP/dh  is  proportional  to  p" 
where  p  is  the  density  of  air.  The  value  of  n  is 

(a)  zero  (b)  - 

(c)  1  (d)  2 

SOLUTION 


3.  Which  of  the  graphs  shown  in  Fig  1 1 .35.  represents 
the  variation  of  P  with  hi 


Fig.  11.35 

4.  The  height  at  which  the  atmospheric  pressure  is 
half  its  value  at  sea  level  is 
(a)  h  =  h0  (b)  h  =  2h0 

(c)  h  =  K  loge(2)  (d)  h  =  h0e-m 


1.  Since  the  exponent  is  dimensionless  the  dimension 
of  h0  is  the  same  as  that  of  h.  Hence  the  correct 
choice  is  (b). 

—  =  ^La~,,/h o  =  _  — 

dh  /?o  h0 

For  a  given  mass  m  of  a  gas  at  a  constant  tempera¬ 
ture,  PV=  k  (constant)  giving  P  =  —  =  — 

V  m 


3.  P  decreases  exponentally  with  h.  So  the  correct 
choice  is  (c). 

4.  P  =  P0/ 2  at  a  value  of  h  given  by 

=  p  P~hlK 

r0e 

=  e~hlK 

h/ hr) 

=  e  * 


Thus  — 
dh 

is  (c). 


k 

mh0 


(v  p  =  m/V) 
p<=c  p .  Hence  the  correct  choice 


loge(2) 


=>  h 


h 

K 

h0  loge(2),  which  is  choice  (c) 


Questions  5  to  10  are  based  on  the  following  passage 
Passage  II 

If  a  body  is  immersed  in  a  fluid,  it  exeperinces  an  upward 
force  called  the  buoyant  force.  The  magnitude  of  buoyant 
force  depends  on  (a)  the  size  or  volume  of  the  body  and 


(b)  the  density  of  the  fluid.  How  large  is  this  buoyant 
force?  The  answer  to  this  question  was  discovered  by  the 
Greek  Philosopher  and  mathematician  Archimedes  (287 
-212  B.C.)  and  is  known  as  Archimedes  Principle  which 
states  that  ‘  When  a  body  is  immersed  wholly  or  partly  in 
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a  fluid,  it  experiences  an  upthrust  equal  to  the  weight  of 
the  fluid  displaced  by  it.'  This  principle  holds  for  bodies  of 
any  shape  and  for  fluids  of  even  non-uniform  density.  The 
necessary  condition  for  a  body  to  float  in  a  liquid  is  that 
the  weight  of  the  liquid  displaced  by  the  immersed  portion 
of  the  body  must  be  equal  to  the  weight  of  the  body. 

5.  A  block  of  wood  floats  in  a  liquid  in  a  beaker  with 
3/4ths  of  its  volume  submerged  under  the  liquid.  If 
the  beaker  is  placed  in  an  enclosure  that  is  falling 
freely  under  gravity,  the  block  will 

(a)  float  with  3/4ths  of  its  volume  submerged 

(b)  float  completely  submerged 

(c)  float  with  any  fraction  of  its  volume  sub¬ 
merged 

(d)  sink  to  the  bottom. 

6.  A  common  hydrometer  has  a  uniform  stem  gradu¬ 
ated  downwards  from  0,  1,  2,  ...  up  to  10.  When 
floating  in  pure  water  it  reads  0  and  in  a  liquid  of 
relative  density  1 . 5 ,  it  reads  1 0 .  What  is  the  relative 
density  of  a  liquid  in  which  it  reads  5? 

(a)  1.15  (b)  1.20 

(c)  1.25  (d)  1.30 

7.  A  piece  of  copper  having  an  internal  cavity  weighs 
264  g  in  air  and  22 1  g  in  water.  The  density  of  copper 
is  8.8  g  cm3.  What  is  the  volume  of  the  cavity? 

(a)  12  cm3  (b)  13  cm3 

(c)  14  cm3  (d)  15  cm3 

8.  A  concrete  sphere  of  radius  R  has  a  cavity  of  radius 
r  which  is  packed  with  sawdust.  The  relative  densi¬ 
ties  of  concrete  and  sawdust  are  2.4  and  0.3  respec¬ 
tively.  For  this  sphere  to  float  with  its  entire  volume 
submerged  under  water,  the  ratio  of  the  mass  of 
concrete  to  the  mass  of  sawdust  will  be 

SOLUTION 

5.  When  the  beaker,  with  the  block  floating  in  the 
liquid,  is  falling  freely  under  gravity,  both  its  weight 
and  upthrust  will  be  zero.  Hence  the  block  will  float 
with  any  fraction  of  its  volume  submerged.  Thus 
the  correct  choice  is  (c). 

6.  Let  the  reading  of  the  hydrometer  be  x  when  it  is 
dipped  in  water.  When  it  is  dipped  in  a  liquid  of 
relative  density  1.5,  its  reading  will  be  (x  -  10). 
Therefore, 

x  x  1  x  g  =  (x  -  10)  x  1.5  x  g 

which  gives  x  =  1.5  x  -  15  or  x  =  30.  Let  p  be  the 
relative  density  of  the  liquid  in  which  the  hydro 
meter  reads  (x  -  5),  then 

x  x  1  x  g  =  (x  -  5)  x  p  x  g 
or  x  =  (x  -  5)  p 


(a)  8  (b)  4 

(c)  3  (d)  zero 

9.  A  cube  floating  in  mercury  contained  in  a  beaker 
has  one-third  of  its  volume  submerged  in  mercury. 
Water  is  poured  into  the  beaker  till  the  cube  is  com¬ 
pletely  covered.  What  fraction  of  the  volume  of  the 
cube  is  now  submerged  in  mercury?  The  relative 
density  of  mercury  =  13.6. 

(a)  0.38  (b)  0.28 

(c)  0.18  (d)  0.08 

10.  A  cubical  block  of  density  p  floats  completely 
immersed  in  two  non-mixing  liquids  of  densities 
P!  and  p2  as  shown  in  Fig.  11.36.  The  relation 
between  p,  px  and  p2  is 


(b)  p  =  2px  +  p2 

(c )  P  =  \  (2Pi  +  P2) 

(d )  P=\  (Pi  +  2P2) 


30 


or 


x  —  5 


30-5 


=  1.2 


Hence  the  correct  choice  is  (b). 

7.  Apparent  loss  of  mass  of  copper  =  264  -  22 1  =  43  g. 
This  is  the  mass  of  water  displaced  by  copper  piece 
when  it  is  immersed  in  water.  Volume  of  copper 
piece  with  cavity  =  43  cm3.  Volume  of  copper  only 


is  —  =  — —  =  30  cm3.  Therefore,  the  volume  of  the 
p  8.8 

cavity  =  43  -  30  =  13  cm3,  which  is  choice  (b). 

8.  Let  m  be  the  mass  of  concrete  and  p  its  density  and 
let  m'  be  the  mass  of  sawdust  and  p'  its  density. 
Then  (see  Fig.  11.36) 

A,n  IT) 3  3x 

m  =  —  (R  ~r)p 
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and 


,  471  3 

m  =  — r  p 
3 


m 

m' 


R i 


P_ 

P' 


(i) 


4  n  3 

Since  the  entire  volume  V  =  — R  of  the  sphere 

is  submerged  under  water,  we  have,  from  the  prin¬ 
ciple  of  flotation, 

Weight  of  concrete  +  weight  of  sawdust  =  weight 
of  volume  V  water  displaced 

or  mg  +  m'g  =  Vp^g  or  m  +  m  =  Vp0 
where  p0  is  the  density  of  water.  Thus 

47T  3  An  3 

—  (R~r)p  +  —  rp  =  —  R  p0 


or 


(R3  —  r3)d  +  r3  d  =  R 3 


(ii) 


where  d=  p/p0  and  d'  =  p7p0  are  the  relative  densi¬ 
ties  of  concrete  and  sawdust  respectively.  Equation 
(ii),  on  simplification,  gives 


or 


or 


R3 


4-- 

r 

d3  3 

R  —r 


(d  -  d ') 
(d~  1) 
(d-d') 
(d~  1) 

(!-</') 
(d~  1) 


-  1 


(iii) 


is  submerged  =  -  Vpm,  where  pm  is  the  density  of 
mercury.  Then 

Vpg  =  i  Vpm  or  P  =  y 

Let  x  be  the  fraction  of  the  volume  of  the  cube  sub¬ 
merged  in  mercury  when  water  is  poured  to  cover 
the  cube.  Then,  the  fraction  submerged  in  water  = 
(1  -x).  Now 

weight  of  cube  in  air  =  weight  of  mercury  displaced 
+  weight  of  water  displaced 

Vpg  =  xVpmg  +  (1  -  x)  Vp0<g 

or  P  =xpm  +  (1  -  x)  pffl 

where  pa  is  the  density  of  water.  We  have  seen 

above  that  p  =  —  .  Therefore, 

K  3 

1 

3  Pm=xP,n  +  0  -  x)  pa 


or 


g-x}—  =(1  -x) 
Pm 


Now  — -  =  relative  density  of  mercury  =  13.6. 
Pa 

Thus 
1 


—  x  x  13.6  =  (1  -  x) 
3  1 


Using  (iii)  in  (i)  and  noting  that  —  =  — ,  we  have 

p'  d' 

m  (1-0  d  (1-0.3)  2.4  „ 

m'  ~  (d  -  1)  X  d'  ~  (2.4  - 1)  X  0.3  “ 

Hence  the  correct  choice  is  (b). 

9.  Let  the  volume  of  the  cube  be  V  and  p  its  den¬ 
sity.  Weight  of  the  cube  in  air  =  Vpg.  Weight  of 
mercury  displaced  when  one-third  of  the  volume 


which  gives  x  =  0.28,  Which  is  choice  (b). 

10.  Each  side  of  the  block  =  3x.  For  floating,  weight  of 
the  block  =  upthrust  due  to  liquid  of  density  px  + 
upthrust  due  to  liquid  of  density  p2 

(3x)3  pg  =  (3x)2  x  2x  x  pxg  +  (3x)2  xxx  p^g 

=>  P=  ~  (2Pi  +  Pi) 

Thus  the  correct  choice  is  (c). 


Questions  11  to  13  are  based  on  the  following  passage 
Passage  III 

A  tank  has  a  cylindrical  hole  H  of  diameter  2 r  at  its  bottom 
as  shown  in  Fig.  1 1 .37.  A  cylindrical  block  B  of  diameter 
4r  and  height  h  is  placed  on  the  hole  H  to  prevent  the  flow 
of  liquid  through  the  hole.  The  liquid  in  the  tank  stands  at 
a  height  hx  above  the  top  face  of  the  block.  The  density  of 
liquid  is  p  and  that  of  the  block  is  p/3. 

<  IIT,  2006 


K2  r-H 


Fig.  11.37 
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11.  If  the  liquid  is  gradually  taken  out  of  the  tank,  the 
height  hl  of  the  liquid  surface  above  the  top  face  of 
the  block  for  which  the  block  just  begins  to  rise  is 


(a) 

(c) 


2 h 
3 

5  h 

T 


(d)  2h 


12.  If  the  liquid  level  is  further  lowered  so  that  it  stands 
at  a  depth  h2  above  the  bottom  face  of  the  block  as 
shown  in  the  figure,  then  the  maximum  value  of  h2 
so  that  the  block  does  not  move  is 


SOLUTION 


(a) 

4h 

~9 

(b) 

(c) 

2  h 

(d) 

T 

h 

3 

5  h 
9 


13.  If  the  liquid  level  is  lowered  below  h2,  then 

(a)  the  block  will  never  rise 

h 

(b)  the  block  will  start  rising  if  h2  =  — 

h 

(c)  the  block  will  start  rising  if  h2=  — 


(d)  the  block  will  start  rising  if  h2  =  — 


11.  Area  of  hole  =  n  (2 r)2 
=  4  nr  =  A.  The  area  of  the 
block  =  n  (4 r)2  =  16  nr2 
=  4  A.  The  area  of  the  lower 
face  of  block  in  contact 
with  liquid  =  4 A  -  A  =  3A. 

The  block  starts  rising  when 
upthrust  =  weight.  (See  Fig. 

11.38) 

The  upthrust  U  =  F1—  F2 

=  pg  (h\  +  h)  3A  -  pghx  x  4 A 


12.  The  block  will  not  move  if  the  upthrust  U  equals 
the  weight  W  of  the  block  (see  Fig.  1 1 .39)  i.e.  if 

pgh2  x  3  A  =  y  gh  x  4 A 


Liquid 

level 

h2\ 

u  w 


Fig.  11.39 


Liquid  level 


h  i  F2 


Fig.  11.38 


Weight  of  block  W  = 


—  gh  x  4  A 
3 


which  gives  h2 


— .  Hence  the  correct  choice  is  (a). 
9 


Now  U  =  W,  i.e. 
pg(hx  +  h)3A  -  4 pg  h\A 
which  gives  hx  =  ^  . 


4 

3 


pg  hA 


13.  If  the  liquid  level  is  lowered  below  h2,  the  upthrust 
will  become  less  than  the  weight  of  the  block. 
Therefore,  the  block  will  not  rise.  Hence  the  cor¬ 
rect  choice  is  (a). 


0 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has 
the  following  four  choices  out  of  which  only  one  choice 
is  correct. 

(a)  Statement- 1  is  true,  statement-2  is  true  and 
Statement-2  is  the  correct  explanation  of  State¬ 
ment-1  . 

(b)  Statement- 1  is  true,  statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  of  State¬ 
ment-!. 


(c)  Statement- 1  is  true,  statement-2  is  false. 

(d)  Statement- 1  is  false,  statement-2  is  true. 

1.  Statement-1 

A  closed  compartment  containing  gas  is  moving 
with  some  acceleration  in  the  horizontal  direction. 
If  the  effect  of  gravity  is  neglected,  the  pressure 
in  the  compartment  will  be  higher  in  the  rear  side 
than  in  the  front  side. 

Statement-2 

Pascal’s  law  holds  only  for  a  fluid  at  rest. 
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2.  Statement-2 

A  block  of  wood  floats  on  water  in  a  beaker  with 
a  fraction  n  of  its  volume  submerged  under  water. 
If  the  system  is  taken  to  the  moon  (where  the  ac¬ 
celeration  due  to  gravity  is  1/6  of  that  on  earth), 
the  fraction  of  the  volume  of  the  block  submerged 
under  water  will  be  nt 6. 

Statement-2 

The  buoyant  force  depends  on  the  value  of  the 
acceleration  due  to  gravity. 

3.  Statement-3 

A  cylinder  fitted  with  a  movable  piston  contains 
a  certain  amount  of  a  liquid  in  equilibrium  with 
its  vapour.  The  temperature  of  the  system  is  kept 
constant  with  the  help  of  a  thermostat.  When  the 
volume  of  the  vapour  is  decreased  by  moving  the 
piston  inwards,  the  vapour  pressure  does  not  in¬ 
crease. 

Statement-2 

Vapour  in  equilibrium  with  its  liquid,  at  a  constant 
temperature,  does  not  obey  Boyle’s  law. 

4.  Statement-1 

A  body  floats  in  a  liquid  with  a  fraction  n  of  its  vol¬ 
ume  above  the  surface  of  the  liquid.  If  the  system 
is  taken  to  a  planet  where  the  acceleration  due  to 
gravity  is  greater  than  that  on  earth,  the  fraction  n 
will  decrease. 

Statement-2 

For  floatation,  the  weight  of  the  body  is  equal  to 
the  weight  of  the  liquid  displaced. 

SOLUTION 

1.  The  correct  choice  is  (b),  Due  to  acceleration  of 
the  compartment  in  the  forward  direction,  the  fre¬ 
quency  of  collisions  of  molecules  of  the  gas  will  be 
highter  at  the  rear  face  than  at  the  front  face. 

2.  The  correct  choice  is  (d).  Although  the  buoyant 
force  on  the  block  depends  on  the  value  of  g,  the 
fraction  of  the  volume  of  the  block  under  a  liquid 
is  independent  of  g  and  depends  on  the  density  of 
the  block  relative  to  that  of  the  liquid. 

3.  The  correct  choice  is  (a).  If  the  valume  of  the  va¬ 
pour  is  decreased,  at  constant  temperature,  a  part  of 
the  vapour  will  condense  into  liquid  such  that  the 
vapour  pressure  remains  unchanged. 

4.  The  correct  choice  is  (d).  Although  the  upthrust  on 
the  body  depends  on  the  value  of  acceleration  due 
to  gravity,  the  fraction  of  its  volume  submerged 
under  liquid  is  independent  of  g  and  depends  on 
the  density  of  the  body  relative  to  that  of  the 
liquid.  Therefore,  the  fraction  n  remains  the  same. 


5.  Statement-1 

In  still  air,  a  hydrogen-filled  balloon  rises  up  to  a 
certain  height  and  then  stops  rising. 

Statement-2 

The  upthrust  depends  on  the  density  of  hydrogen 
relative  to  that  of  air. 

6.  Statement-1 

It  is  easier  to  move  our  arms  and  legs  when  our 
body  is  immersed  in  water  than  in  air. 

Statement-2 

The  average  density  of  our  body  is  greater  than  that 
of  water. 

7.  Statement-1 

The  excess  pressure  inside  a  liquid  drop  of  radius  R  is 
2a /R  ,  where  a  is  the  surface  tension  the  liquid  and 
excess  pressure  in  side  a  bubble  of  radius  R  is  4  a  /R.. 

Statement-2 

A  bubble  has  two  surfaces  in  contact  with  vapour 
whereas  a  drop  has  one  surface  in  contact  with 
vapour. 

8.  Statement-1 

The  total  pressure  inside  an  air  bubble  of  radi¬ 
us  R  at  a  depth  h  below  the  surface  of  a  lake  is 

|/q  +  +  /?pgj  where  p  is  the  density  of  water 

and  P0  is  the  atmospheric  pressure. 

Statement-2 

Total  perssure  =  atmospheric  pressure  +  excess 
pressure  inside  the  bubble  +  hydrostatic  pressure. 


5.  The  correct  choice  is  (a).  Initially,  the  balloon  rises 
because  the  upthrust  due  to  air  is  greater  than  the 
weight  of  the  hydrogen-filled  balloon.  As  the  bal¬ 
loon  rises  up,  the  density  of  air  decreases,  therefore, 
the  upthrust  on  the  balloon  also  decreases.  It  will 
stop  rising  when  it  attains  a  height  at  which  the 
upthrust  becomes  equal  to  its  weight. 

6.  The  correct  choice  is  (c).  Since  the  density  of 
water  is  greater  than  that  of  the  air,  the  upthrust  on 
our  limbs  is  greater  in  water  than  in  air.  Therefore, 
the  apparent  weight  of  the  limbs  is  less  in  water 
than  in  air. 

7.  The  correct  choice  is  (a). 

8.  The  correct  choice  is  (d).  Because  a  bubble  inside 
water  has  only  one  surface  in  contact  with  vapour, 
total  pressure 

„  2cr  , 

=  +  —  +  hpg 
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REVIEW  OF  BASIC  CONCEPTS 

12.1  j  VISCOSITY _ 

When  a  fluid  flows  ,  there  exists  a  relative  motion  between 
the  layers  of  the  fluid.  Internal  force  acts  which  destroys 
this  relative  motion. This  force  is  called  viscous  force. 
The  viscous  force  between  two  layers  of  a  fluid  is  given 
by 

F=-nA  — 
dx 

dv 

where  A  is  the  area  of  the  layer,  —  is  the  velocity 

dx 

gradient  and  77  is  called  the  coefficient  of  viscosity  of  the 
fluid. 

The  SI  unit  of  77  is  NsnT2  which  is  called  poiseuilli  (PI) 
or  pascal  second  (Pa-s).  The  dimensional  formula  of  q  is 
[ML^1  T1]. 

12.2  |  STOKES'  LAW _ 

The  viscous  force  experienced  by  a  small  spherical  body 
of  radius  r  moving  with  a  small  velocity  v  through  a 
homogeneous  fluid  of  coefficient  of  viscosity  77  is  given 

by 

F=  6  nqrv 

This  relation  is  called  Stokes’  law. 

12.3  j  TERMINAL  VELOCITY _ 

If  a  body  is  released  in  a  viscous  fluid,  it  is  accelerated 
due  to  gravity  and  its  velocity  begins  to  increase.  Hence 
viscous  force  on  it  also  increases.  A  stage  is  reached  when 
the  velocity  is  such  that  the  viscous  force  F  becomes  equal 
to  (  W  -  U ),  where  W  is  the  weight  of  the  body  and  U  is 
the  upthrust  (Fig.  12.1).  Then  no  net  force  acts  on  the  body 


and  it  falls  with  a  constant  velocity  called  the  terminal 
velocity  (v,).  For  a  speherical  body  of  radius  r  and  density 
p  falling  in  a  fluid  of  density  a  and  coefficient  of  viscosity 
q.  the  terminal  velocity  is  given  by 

v  =  2  (p-o)r2g 

9q 

2 

For  a  body  moving  in  a  given  fluid,  vt  °c  r 


Fig.  12.1 


NOTE 


For  a  liquid  the  coefficient  of  viscosity  decreases  with 
increase  in  temperature  whereas  for  a  gas  it  increases 
with  increase  in  temperature.  Hence  the  terminal  veloc¬ 
ity  of  a  body  falling  in  a  liquid  increases  with  increase 
in  temperature. 

12.4  |  POISEUILLI'S  FORMULA _ 

The  volume  of  a  liquid  flowing  per  second  through  a 
capillary  tube  of  radius  r  when  its  ends  are  maintained  at 
a  pressure  difference  p  is  given  by 


877/ 

Where  /  is  the  length  of  the  tube  and  77  is  the  coefficient  of 
viscosity  of  the  liquid. 
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Capillaries  Connected  in  Series 

If  two  capillaries  of  lengths  lx  and  l2  and  radii  r,  and  r2  are 
connected  in  series  across  constant  pressure  difference  p, 
then  the  fluid  resistance  R  is  given  by 


„  „  877/1  877/, 

R  =  R,  +  R-,  =  —L-^+  2 


nr. 


nr2 


As  the  volume  of  liquid  flowing  per  second  is  the  same 
through  both  capillaries. 


Q  Q 1  Qi 


Rx+R_ 


If px  and  p2  are  the  pressure  differences  across  individual 
capillaries,  then 

P  =  Pi+P2 


Capillaries  Connected  in  Parallel 


If  two  capillaries  are  connected  in  parallel  across  constant 
pressure  difference  p,  then  the  fluid  resistance  is  given 
by 


R 


1  1 

- 1 - or 

R  1  R  2 


R  = 


Rx+  R2 


where 


877/1 


nr , 


and  R  2  = 


877/, 


nr  ■ 


The  volume  of  liquid  flowing  per  second  through  the 
capillary  of  radius  rx  is 


_p_ 

Rx 


For  the  capillary  of  radius  r2,  we  have 


EXAMPLE  12.1 


I  A  thin  rectangular  metal  plate  1 0  cm  x  5  cm  is  lying 
on  a  layer  of  glycerine  of  thickness  1  mm  and  coef¬ 
ficient  of  viscosity  0.8  Pa-s.  Calculate  the  horizontal 
force  needed  to  move  the  plate  with  a  speed  of  1 5  cm  s  1 
on  the  liquid. 


Velocity  gradient, 


Av 

Ax 


15  x  10-2 
10“3 


=  150  s_I 


The  required  force  is 

F  =  p  A  —  =  0.8  x  (50  x  10  4)  x  150  =  0.6  N 
Ax 


EXAMPLE  12.2 


I  In  Millikan’s  oil  drop  experiment,  an  oil  drop  of 
radius  0.02  mm  and  density  1.2  x  103  kg~3  falls  in  air. 
The  coefficient  of  viscosity  of  air  at  the  temperature 
of  the  experiment  is  1.8  x  1 0  5  Pa-s.  (a)  Find  the 
terminal  velocity  of  the  drop,  (b)  What  is  the  viscous 
force  on  the  drop  at  this  velocity?  Neglect  buoyancy 
due  to  air. 


SOLUTION 


(a)  If  buoyancy  is  neglected  (cr  =  0),  the  terminal 
speed  is 


v,  = 


2 pr2  g 

9q 


=  2  x  (1.2  x  103)  (0.02  x  10~3)2  x9.8 
9  x  (1.8  x  10~5) 

=  5.8  x  10  ~2  ms-1  =  5.8  cm  s_1 


(b)  Viscous  force  F  =  6  nrjr  v , 

=  6  x  3.14  x  (1.8  x  10~5)  x 
(0.02  x  10~3)  x  (5.8  x  10~2) 

=  3.9  x  10~10  N 


EXAMPLE  12.3 


Eight  spherical  rain  drops  of  the  same  mass  and  ra¬ 
dius  are  falling  vertically  through  air  with  a  terminal 
speed  of  6  cm  s_1 .  If  they  coalesce  to  form  one  spheri¬ 
cal  drop,  what  will  be  its  terminal  speed? 


SOLUTION 


Let  r  be  the  radius  of  each  small  drop  and  R  that  of  the 
big  drop.  Since  the  volume  remains  the  same, 


0  ,'4n  3 

8  x  —  r 
3 


=  —  R2  =>  R  =  2i 
3 


SOLUTION 


Area  of  plate  (A)  =  10  cm  x  5  cm  =  50  cm2  =  50  x 
10-4m2. 

The  plate  is  in  contact  with  free  surface  of  the  liquid 
and  the  liquid  in  contact  with  the  fixed  surface  below 
the  layer  is  at  rest.  Hence,  Av  =  15  cm  s~!  =  15  x 
10  2  ms~'  and  Ax  =  1  mm  10  3  m  .  Therefore 


Since  terminal  speed  (radius)2,  if  the  radius  is 
doubled,  the  terminal  speed  becomes  four  times  = 
6  cm  s  ^  x  4  —  24  cm  s_1 


EXAMPLE  12.4 


A  body  of  relative  density  5.0  is  released  from  rest  on 
the  surface  water  filled  to  a  height  of  1.0  m  in  a  tall 
cylinder.  If  viscous  force  is  neglected,  find  the  time 
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taken  by  the  body  to  reach  the  bottom  of  the  cylinder. 
Take  g  =  10  ms  2. 


Due  to  centripetal  force,  the  liquid  rises  to  height  hx  in 
the  left  arm  and  to  a  height  h2  in  the  right  arm. 


SOLUTION 


■  Density  of  body  (p)  =  5000  kg  itT3 
Density  of  water  (cr)  =  1000  kg  m  3 
If  V  is  the  volume  of  the  body,  its  mass  (m)  =  Vp 
Weight  of  the  body  (W)  =  mg  =  Vpg 
Upthrust  on  the  body  ( U)  =  Vo  g 

Net  downward  force  F=W-U=(p-o)Vg 

,  ,  •  F  F  (p-o)Vg 

Acceleration  a  =  —  =  -  =  - 

m  pV  pV 


P~a 

P  J 


From  the  relation  s  =  ut  +  —  at2,  we  have 

2 

1  9 

h  —  0  +  —  at" 

2 


t  = 


(2h  __ 

2  hp 

v  a 

_(P  -  CT) 

1/2 


_(  2x1.0x5000 
~  ,  (5000- 1000)  x  10 
=  0.5  s 


\  1/2 

J 


EXAMPLE  12.5 


I  A  vertical  U-tube  is  filled  with  a  liquid  of  density  p  = 
1200  kg  m-3  a  shown  in  Fig.  12.2.  The  tube  is  rotated 
about  a  vertical  axis  with  angular  velocity  co  such 
that  the  difference  in  levels  of  the  liquid  in  the  two 
arms  is  25  cm.  If  xx  =  0.6  m  and  x2  =  0.4  m,  find  the 
value  of  co .  Take  g  =  10  ms  2. 


- 

CO 

J 

- 

- - X! - •« 

«-x2^- 

Fig.  12.2 


SOLUTION 


H  Consider  a  small  element  AB  of  the  liquid  of  length 
dx  at  a  distance  x  from  the  axis  of  rotation  (Fig.  12.3). 


Fig.  12.3 


Pressure  at  A  is  px  =  hxpg 

Pressure  at  B  isp2  =  h2pg 

Pressure  difference  Ap  =  px  -p2  =  (hl-  h2)  pg 

If  a  is  the  cross-sectional  area  of  the  tube,  the  net 

force  on  element  AB  is  F  =  a  Ap  =  (h{  —  h2)  apg  (i) 

Mass  of  element  dm  =  padx 
Centripetal  force  is 

X,  X 1 

Fc  =  jdmxco2  =  or  pa  ^xdx 

x2  x2 


2 


of  pa  (x2 


*22) 


Equating  (i)  and  (ii),  we  get 


(ii) 


h2  (x2  ~  x\  ) 

2  g 


0.25  = 


co" 


2x10 
co=  5  rad  s_1 


[(0.6)2  -  (0.4)2] 


EXAMPLE  12.6 


Glycerine  flows  steadily  through  a  horizontal  pipe  of 
length  1.2  m  and  diameter  2  cm.  If  the  amount  of  glyc¬ 
erine  collected  at  one  end  is  3.14  x  1 0  3  kg  s  ',  find 
the  pressure  difference  between  the  ends  of  the  pipe. 
Density  of  glycerine  =  1.2  x  103  kg  nT3.  Viscosity 
of  glycerine  =  0.8  N  snT2 


SOLUTION 


■  Given  /=  1 .2  m,  r  =  1  cm  =  1  x  10  2m,  Tj  =  0.8  Nsm  2 
Volume  of  glycerine  flowing  per  second  is 
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Q  = 


3.14  xlO~3  kgs"1 
1.2  xlO3  kgm-3 


3.14x10 

L2~ 


-6 


m3s  1 


From  Poiseuilli's  formula,  we  have 
_  877 IQ 


nr 


Substituting  the  above  values,  we  get  p  =  6.4  x  10  Pa. 

12.5  !  STREAMLINE  OR  LAMINAR  FLOW 


Streamline  or  Laminar  flow  is  the  flow  in  which  every 
particle  of  the  liquid  follows  the  same  path  and  has  exactly 
the  same  velocity  in  magnitude  and  direction  as  that  of  the 
preceding  particle  at  a  given  point  in  the  flow. 

The  actual  path  followed  by  the  particles  in  a  regular  flow 
is  called  a  streamline,  which  can  be  straight  or  curved.  The 
tangent  at  a  point  on  a  streamline  gives  the  direction  of  the 
liquid  flow  at  that  point. 


12.6 


CRITICAL  VELOCITY  AND  REYNOLD'S 
NUMBER 


The  liquid  flow  remains  steady  or  streamline  if  its  velocity 
does  not  exceed  a  limiting  value  called  the  critical  value, 
which  is  given  by 


where  p  =  coefficient  of  viscosity  of  the  liquid,  p  =  density 
of  the  liquid,  r  =  radius  of  the  pipe  in  which  the  liquid 
flows  and  k  is  a  dimensionless  constant  called  Reynold's 
number. 

If  the  velocity  of  the  liquid  exceeds  the  critical  velocity, 
the  flow  becomes  irregular  causing  the  liquid  to  flow  in  a 
disorderly  fashion.  Such  a  flow  is  called  turbulent  flow. 

The  value  of  k  is  usually  very  high.  If  k  is  less  than 
2000,  the  flow  is  streamline.  If  the  value  of  k  exceeds 
2000,  the  flow  becomes  turbulent. 

12.7  |  EQUATION  OF  CONTINUITY  OF  FLOW 

If  ax  and  a2  are  the  areas  of  cross-section  at  two  sections 
of  a  tube  of  a  variable  cross-section  and  v  ,  and  v2  are  the 
velocities  of  flow  crossing  these  sections,  then 
a\v\  =  a2v2  or  av  =  constant 

This  means  that  smaller  the  area  of  cross-section,  higher 
is  of  the  liquid  flow  and  vice  versa.  This  is  called  equation 
of  continuity  of  flow  and  it  holds  only  if  the  flow  is 
streamline. 


12.8  j  BERNOULLI'S  THEOREM 


Bernoulli's  theorem  states  that  the  total  energy  of  an 
incompressible  and  non-viscous  liquid  in  a  streamline 
flow  remains  constant  throughout  the  flow;  the  total 
energy  being  the  sum  of  pressure  energy,  potential  energy 
and  kinetic  energy  of  the  liquid. 


or 


1  2 

P  V  +  mgh  +  —  mv  =  constant 
2 

1  2 

P  +  pgh  +  —  pv  =  constant 


12.9  ;  VELOCITY  OF  EFFLUX 


A  liquid  is  filled  up  to  a  height  H  in  a  vessel  which  has 
a  small  hole  at  a  depth  h  below  the  surface  of  the  liquid 
(Fig.  12.4). 


A 

H 

t 

h 

'>>.s  ' 

— 

R— »- 

Fig.  12.4 


When  the  hole  is  unplugged,  the  velocity  v  with  which 
the  liquid  comes  out  of  the  hole  is  called  the  velocity  of 
efflux.  Let  V  be  the  velocity  with  which  the  free  surface  of 
the  liquid  falls  in  the  vessel.  Applying  Bernoulli’s  theorem 
to  points  A  and  B 

pa+  \  P  y2  +  P§H  =  pb+  \pv2  +  PS  (H  ~  /?) 

Since  PA=  PB  =  P0(  atmospheric  pressure)  and  A V  =  av 
(equation  of  continuity)  where  A  =  cross-sectional  area  of 
the  vessel  and  a  =  cross-sectional  area  of  hole,  we  have 

1  a2v2  1 

P°  +  2  P  +  PgH  =  P°  +  2  PV2  +  PS  ~  /?) 


which  gives 


v  = 


2gh 


2  A 


1- 


1/2 


Since  A  >  >  a,  v  =  J 2gh 

The  time  taken  by  the  liquid  emerging  from  the  hole  to 
hit  the  ground  is 

'-FP 

Horizontal  Range  R  =  v  t  =  2  -Jh  ( //  -  h ) 
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NOTE 


(1)  Horizontal  range  is  maximum  when  h  =  —  and 

n  _  tt  2 

Amax  ;  1  ■ 

(2)  The  horizontal  range  is  the  same  if  the  hole  is  at  a  depth 
h  below  the  surface  of  water  or  at  a  height  h  above  the 
bottom  of  the  vessel. 


EXAMPLE  12.7 


■  Water  flows  through  a  horizontal  non-uniform  pipe 
at  the  rate  of  3 1 .4  litre/min.  Find  the  velocity  of  flow 
of  water  at  the  section  of  the  pipe  where  the  diameter 
is  2  m. 


SOLUTION 


Volume  of  water  flowing  per  second  is 

^  ,  •  3 1 .4  x  1 0  ”3  m3 

Q  =31.4  litre/mm  =  - 


60s 
3.14x10 

otT 


-4 


m3s  1 


Area  of  cross-section  A  =  nr2  =  3.14  x  (1  x  10  2  )2  m2 
Q  3.14  x  10-4 

.'.  Velocity  ot  flow  =  —  =  - — — 

A  0.6  x  3.14  (lxlO-2)2 


=  1.67  ms 


-l 


EXAMPLE  12.8 


■  Water  flows  through  a  horizontal  pipe  of  diameter  2 
cm  at  a  speed  of  3  cm  s~!.  The  pipe  has  a  nozzle  of 
diameter  0.5  cm  at  its  end.  Find  the  speed  of  water 
emerging  from  the  nozzle. 


SOLUTION 


a,=  nr  \  and  a2  =  nr\  . 
flow, 

a  iu  l  =  a2v2’  we  have 

2 

a,v,  nr , 

V2  =  =  - 2 

a  2  nr\ 


From  continuity  of 


X  V  ; 


-T 

vrW 


EXAMPLE  12.9 


'  1cm  V 
v0.25  cmy 


x  3  cm  s  1  =  48  cm  s 


Find  the  maximum  speed  at  which  water  should 
flow  in  a  pipe  of  diameter  2  cm  so  that  the  flow 
remains  laminar  at  20°C.  Viscosity  of  water  at  20°C 
=  0.001  Ns  nT2. 


SOLUTION 


The  maximum  value  of  Reynold’s  number  for  flow  to 
be  laminar  is  2000.  Hence 

_  ^  max  0 
Bmax - 

pr 


2000x0.001 
1000  x  (1  x  10-2) 


=  0.2  m  s  1 
=  20  cm  s-1 


EXAMPLE  12.10 


Find  the  velocity  of  efflux  of  water  from  an  orifice 
near  the  bottom  of  a  tank  of  height  1 .25  m  full  of 
water.  Take  g  10  ms  2 


SOLUTION 


v  =  Jlgh  =  yjlx  10x1.25 
=  5  ms-1 


EXAMPLE  12.11 


Figure  12.5  shows  a  stream  of  water  emerging  from 
the  opening  of  a  tap.  As  the  water  falls  through  a 
height  h  =  PQ,  the  cross-sectional  area  of  the  stream 
decreases  from  A  to  a.  Obtain  the  expression  for  the 
rate  of  flow  of  water  through  the  opening  of  the  tap. 


*  tdp 

I  * ;; 

h  :  ■ 

|i 

Fig.  12.5 


SOLUTION 


■  Let  l'  be  the  velocity  of  water  at  P  and  v  at  0.  From 
the  equation  of  continuity,  A  V=  av.  From  Bernoulli’s 
theorem, 

PP  +  pgh+  ^pV2  =  PQ+  i  p  g  (0)  +  | pv 2 
Now  Pp  =  Pq  =  P0  (atmospheric  pressure).  Therefore, 
P0  +  Pgh  +  \  P  V2  =  P0  +  ^  pv2 


V2  =v2 


2  gh 


(i) 


AV 


From  AV=  a v,v=  - .  Using  this  in  (i)  we  get 

a 
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V  = 


2gha1 2 

T^T2 * 


\\!2 


Rate  of  flow  =AV=aA 


Volume  of  liquid  emerging  from  the  hole  per  second  is 

q  =  =  au  =  ciyllgh 

P 

F  =  pQv  =  pQ^2gh 
Thus  all  the  four  choices  are  correct. 


EXAMPLE  12.12 


I  A  liquid  of  density  p  is  filled  in  a  vessel  of  cross- 
sectional  area  A.  The  vessel  has  a  hole  of  cross-sec¬ 
tional  area  a  at  a  depth  h  below  the  free  surface  of  the 
liquid.  When  the  hole  is  unplugged,  the  liquid  comes 
out  of  the  hole  with  a  velocity  v.  The  volume  of  liquid 
coming  out  of  the  hole  per  second  is  Q.  The  reaction 
force  exerted  on  the  vessel  by  the  emerging  liquid  is 
(assume  A  »  a) 

(a)  av2p  (b)  laghp  (c)  pvQ  (d)  pQ  jlgh 


SOLUTION 


I  Velocity  of  efflux  (u)  =  yflgh  ( A  »  a ) 

Mass  of  liquid  emerging  from  the  hole  per  second  = 

.•.  Momentum  of  water  emerging  per  second 
=  ( pew )  xv  =  pav2 

From  Newton’s  law,  the  force  exerted  by  the  vessel 
on  the  emerging  water  is 
F  =  rate  of  changes  of  momentum  =  pav2 

From  Newton’s  third  law,  the  reaction  force  (back) 
force  exerted  by  the  emerging  liquid  on  the  vessel  is 
F  =  pav2  =  pa  x  2gh  =  2apgh 


EXAMPLE  12.13 


Water  flows  out  of  a  hole 
of  cross-sectional  area  a  = 
2  cm2  from  a  big  tank.  The 
water  flows  at  a  rate  Q  =  3.6 
litre/min.  Find  the  torque 
exerted  by  the  emerging 
water  on  the  tube  of  length 
L  about  print  O. 


SOLUTION 


Q 


Velocity  of  efflux  v—  — 


Reaction  force  F  =  pav 2  = 


pQ 


Rate  of  flow  Q  =  3.6  litre/min  = 


3.6x10 


-3 


60 

=  6  x  10  5  m3/s 


Torque  about  0  =  FxL 

_  pQ2l 


103  x  (6  x  10~5)2  x  0.14 

(2x10^) 


(■•’  v 


v/2 ~gh ) 


=  2.52  x  10 


-3 


Nm 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  tank  of  capacity  1 000  litres  is  at  a  height  of  30  m 
above  the  ground.  A  pump  of  power  1  kW  situated 
on  the  ground  is  used  to  fill  the  tank  with  water  us¬ 
ing  a  pipe  of  diameter  2.4  cm.  The  time  taken  to  fill 
the  tank  is  (take  g  =  10  ms~2) 

(a)  5  minutes  (b)  10  minutes 

(c)  20  minutes  (d)  30  minutes 

2.  A  rectangular  tank  is  filled  to  the  brim  with  water.  It 

has  a  hole  of  diameter  0.5  cm  at  the  bottom.  When 

the  hole  is  unplugged,  the  tank  is  emptied  in  time 


T.  If  the  tank  was  half  filled  with  water,  it  would  be 


emptied  in  time 

T 

T 

(a)  4= 

v2 

(b)  - 
2 

T 

T 

(C)  2A 

<d)  4 

If  rj  is  the  coefficient  of  viscosity  and  o  is  the  sur¬ 
face  tension,  then  the  dimensions  of  —  are  the 

same  as  those  of 

V 

Hydrodynamics  (Bernoulli’s  Theorem  and  Viscosity)  12.7 


(a)  speed  (b)  momentum 

(c)  impulse  (d)  angular  momentum 

4.  Eight  identical  spherical  rain  drops  are  falling  down 
with  terminal  velocity  v.  If  they  combine  to  fomi  one 
big  spherical  drop,  its  terminal  velocity  will  be 


(a)  ^  (b)  2n 

(c)  Av  (d)  8n 


5.  A  large  tank  lying  on  a  floor  is  filled  with  a  liquid  of 
density  p.  A  small  hole  is  made  at  a  depth  h  below 
the  surface  of  water  in  the  tank.  When  the  hole  is 
unplugged,  the  horizontal  range  of  the  emerging 
liquid  is  R.  The  horizontal  range  is  doubled  if  the 
pressure  on  the  surface  of  water  in  the  tank  is  in¬ 
creased  by 

(a)  hpg  (b)  2  hpg 

(c)  3 hpg  (d)  4  hpg 

6.  A  rectangular  tank  full  of  water  open  at  the  top 
and  having  a  base  areaH,  is  resting  on  a  horizontal 
frictionless  surface.  It  has  two  small  holes,  each 
of  cross-sectional  area  a ,  on  the  opposite  sides  of 
the  tank.  The  difference  in  the  heights  between  the 
holes  is  h.  The  horizontal  force  which  must  be  ap¬ 
plied  to  the  tank  to  keep  at  rest  when  the  holes  are 
unplugged  is  (p  =  density  of  water). 

(a)  p  g  h  A  (b)  2  p  g  h  A 

(c)  p  g  h  a  (d)  2  p  g  h  a 

7.  In  a  laminar  flow  of  a  liquid  through  a  horizontal 
capillary  tube  of  radius  r,  the  rate  of  flow  is  0  when 
a  pressure  difference  P  is  maintained  between  its 
ends.  The  rate  of  flow  through  another  tube  of  the 
same  length  but  radius  r/2  when  the  pressure  dif¬ 
ference  between  its  ends  is  2 P  will  be 


(a)  8  Q 


(b)  4  Q 


8.  Two  capillary  tubes  A  and  B  of  the  same  radius  r  but 
of  lengths  21  and  /  respectively  are  held  horizontally. 
When  a  pressure  difference  P  is  maintained  across 
A,  the  rate  of  flow  of  water  through  it  is  Q.  If  the 
tubes  are  connected  in  series  and  the  same  pressure 
difference  P  is  maintained  across  the  combination, 
the  rate  of  flow  of  water  through  the  combination 
will  be 


(a) 

(c) 


Q 

Q 

3 


(b) 

(d) 


9.  An  electric  pump  sends  a  liquid  of  density  p  through 
a  horizontal  pipe  of  cross-sectional  area  a  with  a 


speed  v.  The  power  of  the  pump  is  proportional  to 
(a)  v  (b)  v 2 

(c)  v 3  (d)  vA 

10.  Water  is  flowing  through  a  tube  of  radius  r  with 
a  speed  v.  If  this  tube  is  joined  to  another  tube  of 
radius  r/2,  what  is  the  speed  of  water  in  the  second 


tube? 

V 

„  x  V 

a  T 

(b  7 

4 

2 

(c)  2  v 

(d)  4  v 

11.  A  small  sphere  of  volume  V  falling  in  a  viscous 
fluid  acquires  a  terminal  velocity  vt.  The  terminal 
velocity  of  a  sphere  of  volume  8  V  of  the  same 
material  and  falling  in  the  same  fluid  will  be 


(a)  ^ 

J  2 

(b)  vt 

(c)  2  v, 

(d)  4  v, 

12.  A  spherical  steel  ball  released  at  the  top  of  a  long 
column  of  glycerine  of  length  L,  falls  through  a 
distance  LI 2  with  accelerated  motion  and  the 
remaining  distance  LI 2  with  a  uniform  velocity.  If  t] 
and  t2  denote  the  times  taken  to  cover  the  first  and 
second  half  and  Wl  and  W2  the  work  done  against 
gravity  in  the  two  halves,  then 

(a)  tl<t2;Wl>  W2  (b)  ti>t2\Wl<  W2 

(c)  tx  =  t2-Wx  =  W2  (d)  tx>t2\Wx  =  W2 

13.  A  cubical  vessel  of  height  1  m  is  full  of  water.  The 
work  done  in  pumping  water  out  of  the  vessel  is 

(a)  49  J  (b)  98  J 

(c)  4900  J  (d)  9800  J 

14.  A  solid  iron  ball  and  a  solid  aluminium  ball  of  the 
same  diameter  are  released  together  on  a  deep  lake. 
Which  ball  will  reach  the  bottom  first? 

(a)  Aluminium  ball 

(b)  Iron  ball 

(c)  Both  balls  will  reach  the  bottom  at  the  same 
time 

(d)  The  aluminium  ball  will  never  reach  the  bot¬ 
tom  and  will  remain  suspended  in  the  lake 

15.  Two  spheres  of  equal  masses  but  radii  R  and  2 R 
are  allowed  to  fall  in  a  liquid.  The  ratio  of  their 
terminal  velocities  is 

(a)  1  :  4  (b)  1  :  2 

(c)  1  :  32  (d)  2  :  1 

16.  A  volume  V  of  a  viscous  liquid  flows  per  second 
due  to  a  pressure  head  A P  along  a  pipe  of  diameter 
d  and  length  /.  Instead  of  this  pipe,  a  set  of  four 
pipes  each  of  diameter  d/2  and  length  21  is  con¬ 
nected  to  the  same  pressure  head  A P.  The  volume 
of  the  liquid  flowing  per  second  now  is 
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(a)  V  (b)  - 

V  V 

(C)  8  (d)  16 

17.  Water  from  a  tap  emerges  vertically  downwards 
with  an  initial  speed  of  1 .0  ms-1 .  The  cross-sectional 
area  of  the  tap  is  10  4  m2.  Assume  that  the  pressure 
is  constant  throughout  the  stream  of  wa-ter  and  that 

the  flow  is  steady.  The  cross-sectional  area  of  the 

_2 

stream  0.15m  below  the  tap  is  (take  g  =  1 0  ms  ) 
(a)  5.0  x  KT4  m2  (b)  1.0  x  1(T5  m2 

(c)  5.0  x  1CT5  m2  (d)  2.0  x  1(T5  m2 

<  IIT,  1998 

18.  A  large  open  tank  has  two  holes  in  the  wall.  One 
is  a  square  hole  of  side  L  at  a  depth  y  from  the  top 
and  the  other  is  a  circular  hole  of  radius  A  at  a 
depth  4 y  from  the  top.  When  the  tank  is  completely 
filled  with  water,  the  quantities  of  water  flowing  out 
per  second  from  both  the  holes  are  the  same.  Then 
R  is  equal  to 

(a)  i —  (b)  2  tzL 


<  IIT,  2000 

19.  Water  stands  at  a  depth  H  in  a  tank  whose  side  walls 
are  vertical.  A  hole  is  made  in  one  of  the  walls  at  a 
height  h  below  the  water  surface.  The  stream  of 
water  emerging  from  the  hole  strikes  the  floor  at  a 
distance  R  from  the  tank,  where  R  is  given  by 

(a)  R  =  yJh(H-h)  (b)  R  =  V h(H  +  h ) 


(a)  R  =  sJh(H  -  h)  (b)  R  =  yj h(H  +  h ) 

(c)  R  =  2 yJh(H-h)  (d)  R  =  2 yjh(H  +  h) 

20.  In  Q.  19 ,  R  is  maximum  if 

,,  ,  H  .  H 


(a)  h  =  — 


(c)  h  =  - 


(b)  h  =  — 


(d)  h  =  H 


21.  A  liquid  is  kept  in  a  cylindrical  vessel.  When  the 
vessel  is  rotated  about  its  axis,  the  liquid  rises  at 
its  sides.  If  the  radius  of  the  vessel  is  0.05  m  and 
the  speed  of  rotation  is  2  revolutions  per  second, 
the  difference  in  the  heights  of  the  liquid  at  the 
centre  and  at  the  sides  of  the  vessel  will  be  (take 
g  =  1 0  ms~2  and  7Z2  =  1 0) 

(a)  2  cm  (b)  4  cm 

(c)  1  cm  (d)  8  cm 

22.  A  cylindrical  tank  of  height  H  is  completely  filled 
with  water.  On  its  vertical  side  there  are  two  tiny 


holes,  one  above  the  middle  at  a  height  hx  and  the 

other  below  the  middle  at  a  depth  h2.  If  the  jets 

of  water  from  the  holes  meet  at  the  same  point  at 

the  horizontal  plane  through  the  bottom  of  the  tank 

,  ,  .  \  . 
then  the  ratio  —  is 


23.  A  water  barrel  having  water  upto  a  depth  d  is  placed 
on  a  table  of  height  h.  A  small  hole  is  made  on  the 
wall  of  the  barrel  at  its  bottom.  If  the  stream  of 
water  coming  out  of  the  hole  falls  on  the  ground  at 
a  horizontal  distance  ‘R'  from  the  barrel,  then  the 
value  of  d  is 


24.  A  liquid  flows  through  two  capillary  tubes  A  and  B 
connected  in  series.  The  length  and  radius  of  B  are 
twice  those  of  A.  The  ratio  of  the  pressure  differ¬ 
ence  across  A  to  that  across  B  is 

(a)  8  (b)  4 

(c)  2  (d)  1 

25.  A  tiny  sphere  of  mass  m  and  density  x  is  dropped 
in  a  tall  jar  of  glycerine  of  density  y.  When  the 
sphere  acquires  terminal  velocity,  the  magnitude  of 

the  viscous  force  acting  on  it  is 

mgx  ...  mgy 


(c)  mg  |^1  —  —  J  (d)  mg  ^1  +  -J 

26.  Two  capillary  tubes  of  the  same  length  /  and  radii 
r  and  2  r  are  fitted  to  the  bottom  of  a  vessel  with 
pressure  head  p  in  parallel  with  each  other.  What 
should  be  the  radius  of  the  single  tube  of  the  same 
length  /  that  can  replace  the  two  so  that  the  rate  of 
flow  is  not  affected? 

(a)  (17)1/4  r  (b)  17  r 

(c)  8.5  r  (d)  yf]J  r 

27.  Tanks  A  and  B  open  at  the  top  contain  two  different 
liquids  upto  certain  height  in  them.  A  hole  is  made 
to  the  wall  of  each  tank  at  a  depth  h  from  the  surface 
of  the  liquid.  The  area  of  the  hole  in  A  is  twice  that 
in  B.  If  the  liquid  mass  flux  (i.e.  rate  of  mass  of 
liquid  flowing  per  unit  area)  through  each  hole  is 
equal,  then  the  ratio  of  the  densities  of  the  liquids 
in  A  and  B,  is: 
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(a) 

2 

T 

(b) 

(c) 

2 

3 

(d) 

3 
2 

]_ 

2 

28.  A  large  container  (with  open  top)  of  negligible  mass 
and  uniform  cross-sectional  area /I  has  a  small  hole 
of  cross-sectional  area  a  in  its  side  wall  near  the 
bottom.  The  container  is  keep  on  a  smooth  horizon¬ 
tal  platform  and  contains  a  liquid  of  density  p  and 
mass  m.  If  the  liquid  starts  flowing  out  of  the  hole 
at  time  t  =  0,  the  initial  acceleration  of  the  container 

gA 

a 

gA 

2a 

29.  In  Q.  28  above,  the  velocity  of  the  liquid  when  75% 
of  the  liquid  has  drained  out  is 


IS 

(a) 

ga 

A 

(b) 

(c) 

2ga_ 

A 

(d) 

(a) 


(c) 


(b) 


(d) 


2mg 

Ap 


mg 


' Ap  '  \2 Ap 

30.  A  cylindrical  tank  having  cross-sectional  area  A 
is  filled  with  water  to  a  height  of  2.0  m.  A  circular 
hole  of  cross-sectional  area  a  is  opened  at  a  height 

of  75  cm  from  the  bottom.  If  —  =  V 0.2  ,  the  ve- 

A 

locity  with  which  water  emerges  from  the  hole  is 
(g  =  9.8  ms-2). 

(a)  4.9  ms-1  (b)  4.95  ms-1 

(c)  5.0  ms-1  (d)  5.5  ms-1 

<  IIT,  2005 

31.  A  syringe  containing  water  is  held  horizontally 
with  its  nozzle  at  a  height  h  above  the  ground  as 
shown  in  Fig.  12.7.  The  cross-sectional  areas  of 
the  piston  and  the  nozzle  are  A  and  a  respectively. 
The  piston  is  pushed  with  a  constant  speed  V.  The 
horizontal  range  R  of  the  stream  of  water  on  the 
ground  is. 

■  IIT,  2004 


a  V  g 


Syringe 


h\\\\\\<b^  v 

V 


p  i 


s 


Nozzle 


Piston 


GROUND 


Stream  of 
water 


Fig.  12.7 

32.  A  small  metal  sphere  of  radius  r  and  density  p 
falls  from  rest  in  a  viscous  liquid  of  density  a  and 
coefficient  of  viscosity  77.  Due  to  friction  heat  is 
produced.  The  rate  of  production  of  heat  when  the 
sphere  has  acquired  the  terminal  velocity  is  propor¬ 
tional  to 


(a)  r2 
(c)  r4 


(b) 

(d) 


<  IIT,  2004 

33.  A  small  spherical  ball  of  radius  r  falls  freely  under 
gravity  through  a  distance  h  before  entering  a  tank 
of  water.  If,  after  entering  the  water,  the  velocity  of 
the  ball  does  not  change,  then  h  is  proportional  to 

(a)  r  (b)  r3 

(c)  r4  (d)  r5 

Hut,  1990 

34.  A  wide  vessel  of  uniform  cross-section  with  a  small 
hole  in  the  bottom  is  filled  with  40  cm  thick  layer  of 
water  and  30  cm  thick  layer  of  kerosene.  The  rela¬ 
tive  density  of  kerosene  is  0.8.  The  inital  velocity 
of  flow  of  water  streaming  out  of  the  hole  is  (take 


g  =  10  ms  ) 

2  , 
(a)  —j=  ms 
v  5 

(c)  -4=  ms-1 

v  5 


(b)  -^=ms  1 
v  5 

(d)  -4=  ms-1 

v  5 
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SOLUTIONS 


1.  Work  done  against  gravity  is 

W\  =  mgh  =  ( pV)  x  gh  =  pghV 
Work  done  against  pressure  difference  is 
W2  =  APxV  =  hpgV 
Total  work  done  W  =  Wl  +  W2  =  2  hpgV 
W 

Power  P  =  —  .  Therefore 
t 

=  W_  =  2  hpgV 
P  P 

2x  (30)  x  (l03)  x  (10)  x  (l03  xlO-3) 
103 

=  600  s  =  10  minutes 

2.  If  h  is  the  height  of  the  tank,  the  velocity  of  efflux  is 

v  =  y/2gh 

Initially  the  velocity  of  water  at  the  top  of  the  tank 
is  zero.  Therefore,  average  velocity  of  efflux  is 

v 

If  V  is  the  volume  of  water  in  the  tank  when  it  is 
full, 


2  2 


V  _  V2F 
Ava  A  yfgh 


pi-p2  =  \p(v2~  Pi2) 
=t>  A P  =  —  p[(2p)2  -  p2] 


3 

=  -  p  x  2gh  =  3phg 

6.  Let  h  [  and  h2  be  the  depths  of  the  holes  below  the 
surface  of  water. 

The  volume  of  water  flowing  out  from  the  holes  per 
second  is  avl  and  av2,  where  vx  =  \j2ghx  and  v2  = 
\j2gh2 .  Hence  mass  of  water  flowing  per  unit  time 
is  mx  =  pavx  and  m2  =  pav2.  Therefore,  momentum 
per  second  carried  by  water  is 

Pj  =  m ,  v !  in  one  direction 
and  p2  =  m2v2  in  the  opposite  direction 

Hence  force  required  to  keep  the  tank  at  rest  is 

F  =  rate  of  change  of  momentum 

mxvx~  m2v2 

=  pav\  -  pav\ 

=  pa  X  2ghx  -  pa  X  2 gh2 
=  2pag(h]  -  h2) 


where  A  =  cross-sectional  area  of  the  hole. 

V  h 

When  the  tank  is  half  full,  V  =  —  and  h  =  —  . 

2  2 

Therefore,  time  taken  to  empty  the  tank  will  be 


V2 V! 2  V  _  T 
Ayjgh/2  Ayfgh  V2 


So  the  correct  choice  is  (a). 


0 

[mt~2] 

[ml-^-1] 

=  [LT-1] 


Hence  the  correct  choice  (a). 


4.  If  r  is  the  radius  of  each  droplet,  the  radius  of  big 
drop  =  2 r.  Since  terminal  velocity  °cr  ,  the  terminal 
velocity  of  the  big  drop  =  4v,  which  is  choice  (c). 

5.  Velocity  of  efflux  is  v  =  y/2gh  .  The  horizontal 
range  is  doubled  if  v  is  doubled.  From  Bernoulli’s 
theorem, 


=  2pagh 

nPr 4 5 

7.  Q  =  - ;  p  =  coefficient  of  viscosity  of  the  liq- 

877/ 

uid  and  I  =  length  of  the  tube. 

Since  77  and  /  are  the  same,  Q  °c  Pr4.  Hence  if  P  is 
doubled  and  r  becomes  half,  the  rate  of  flow  will 
become  Qt 8. 

8.  Since  the  pressure  difference  is  proportional  to  the 
length  of  the  tube,  the  pressure  difference  across  A 
and  B  is  Pa  =  2P/3  and  Ph  =  P/3.  The  rate  of  flow 
through  the  series  combination  is  (here  / '  =  equiva¬ 
lent  length  of  combination) 

or  =  Qa  +  Qb 

nPr4  n(2P/3)r4  n(P/3)r 4 

or  -  =  — ^ - ' —  +  — - - — 

877  V  877(2/)  8  77  / 

1  1  1 

=>  —  — - 1 - 

r  31  31 
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-  r  -  — 

2 

nPr4  2  nPr4 

Hence  O  =  - =  —  x - 

8  77  (3//2)  3  877/ 


2 Q 
3 


9.  From  work-energy  principle,  work  done  =  increase 
in  K.E.  Therefore  (V  =  volume  of  liquid  in  the 
pipe) 

W  W  V 
P  =  —  =  — x- 
t  V  t 


K.E  volume 


volume  time 
1  2 

—  pv  x  av 

1  3 

-  pav 


i.e.  P  xf,  which  is  choice  (c). 

10.  From  the  equation  of  continuity  of  flow,  we  have 


2 


2U2  or  Krxvx  nr~2v2 


v. 


or 


'i 


v. 


0 r/2 y 


=  4 


or  v2  =  4tq  =  4v. 

Hence  the  correct  choice  is  (d). 
11.  We  know  that 


v 


2(p-g)gr; 

9  11 


where 


Now 


Therefore 


k- 

9  rj 

V  =  —  r  . 

3 

r2  =  ( ]  .  Thus 

\4k  ) 


v,  =  k  I  — 

4k 


2/3 


x  r 


2/3 


Terminal  velocity  of  the  sphere  of  volume  8  V  will 
be 

r  o  \2/3 

iJ 


v;=  k 


x  (8F)2/3  =  4o, 


[V  (8)2/3  =  4] 


Hence  the  correct  choice  is  (d). 


12.  The  average  velocity  in  the  first  half  of  the  dis- 
0  +  u  v  ....  , 

tance  =  - =  — ;  while  in  the  second  halt,  the 

2  2 

average  velocity  is  v.  Therefore,  t\  >  t2.  The  work 


done  against  gravity  in  both  halves  =  mgh  =  mgL/2. 
Hence  the  correct  choice  is  (d). 

13.  Let  /  be  the  dimension  of  each  side  of  the  cubical 
vessel.  The  mass  of  water  contained  in  a  height  x  is 
l2x  p.  Therefore,  the  work  done  is 

/  / 

W  =  J(/2xpgj  dx  =  l2pg  J xdx 


l4pg  _  (l)4  x  1000x9.8 


2  2 
=  4900  J 


Hence  the  correct  choice  is  (c). 

14.  Since  both  balls  have  the  same  volume,  they  expe¬ 
rience  the  same  upthrust.  Since  the  density  of  iron 
is  greater  than  that  of  aluminium,  the  iron  ball  has 
a  greater  mass  and  therefore  a  greater  weight;  it 
therefore  accelerates  more  and  will  reach  the  bot¬ 
tom  before  the  aluminium  ball.  Hence  the  correct 
choice  is  (b). 

15.  A  sphere  of  mass  m,  radius  r  and  density  p  fall¬ 
ing  in  a  viscous  liquid  of  coefficient  of  viscosity 
77  acquires  a  terminal  velocity  v ,  if  its  net  down¬ 
ward  force  =  weight  -  upthrust  =  W~  U  is  balanced 
by  the  upward  viscous  force  F  =  (iKi]r\'r  Here  W 

4KIP 

=  mg  and  U  =  — - — .  Og,  where  4wJ/3  is  the 

volume  of  the  sphere  and  <7  the  density  of  the  liq¬ 
uid.  Thus 

4nri 

6  nrirvt  =  mg  —  — - —  eg 


,  4; rr3 

because  - 

3 


mg 


PJ 


=  volume  of  sphere  =  —  . 

P 


Since  rj,  m,  a  and  p  are  constant  for  both  spheres, 

rv  t  =  constant,  i.e.  v,  <*=  — .  Since  the  second 

r 

sphere  has  twice  the  radius,  its  terminal  velocity 


will  be  half  that  of  the  first  sphere.  Hence  the  cor¬ 
rect  choice  is  (d). 


16.  The  volume  of  liquid  flow  per  second  is  given  by 

T,  nAPr4  nAPd4  /  J 

V=  - = -  (.-.  r=  —  ) 

8  Til  12877/  2 


Thus  V  oc  -  If  /  is  increased  to  21  and  d  is 

1 


reduced  to  —  ,  V  decreases  by  a  factor  of  1/32. 
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Since  there  are  four  such  pipes  in  series,  V  will 
decrease  by  a  factor  of  1/8.  Thus  V  becomes  178. 
Hence  the  correct  choice  is  (c). 

17.  The  equation  of  continuity  of  flow  is  v]a]  =  v2a2 
where  vx  =  1.0  ms-1,  ax  =  1CT4  m2,  v2  =  velocity  of 
stream  at  h  =  0. 1 5  m  below  the  tap.  The  value  of  v2 


is  given  by 

vl  =  v2  +  2  gh 

=  1.0  +  2  x  10  x  0.15 

or 

v2  =  2.0  ms-1. 

Now 

vlal  1.0  xlO-4 

Cl')  — 

p2  2.0 

=  5.0  x  10~5  m2 

Hence  the  correct  choice  is  (c). 

18.  The  ratio  of  volume  of  water  flowing  out  per  second 
is  given  by 

Yk  =  gif*L  _  h  (1) 

V2  V2a2  V2[kR 2) 

The  velocities  of  water  flowing  out  are  given  by 
v\  =  4lgy  and  v2  =  V2 S  (4t) 

^  *  TiU  (2) 

'2  2 

Using  (2)  in  (1),  we  have 

Yl  =  -  — 
v2  2  nR2 

1  L2 

Given  V,  =  V7.  Therefore  1  = - - 

2  nR2 

or  R  =  £_  which  is  choice  (a). 

V2tr 


19.  Let  h  be  the  depth  of  the  hole  below  the  free  surface 
of  water,  (see  Fig.  12.8). 

According  to  Torricelli’s  theorem,  the  velocity  of 
efflux  v  of  water  through  the  hole  is  given  by 

v  =  yjlgh  (i) 

The  height  through  which  water  falls  is 
S  =  H-h 


If  t  is  the  time  taken  by  water  to  strike  the  floor, 
then 


or  H  -  h  =  —  gf 
2  5 


giving  t 


2  {H-h) 
S 


(ii) 


The  distance  R  where  the  emerging  stream  strikes 
the  floor  is  given  by 

R  =  vt 


Substituting  for  v  and  t  from  Eqs.  (i)  and  (ii),  we 
get 

R  =  y/2gh  x  2  x  Jh(H-h) 

Hence  the  correct  choice  is  (c). 

dR 

20.  R  will  be  maximum  at  value  of  h  for  which -  =  0 

dh 


and 


d2  R 
dh 2 


<  0 


Now  R  =  2(hH  -  h2)m 
Differentiating  with  respect  to  h,  we  have 

—  =  2x1  (hH  -  h2ym  (H  -  2h ) 
dh  2 

(H-2h) 


/  9  \l/2 

(i hH-h 2) 
dR 


(i) 


It  is  clear  that - will  be  zero  at  a  value  of  h  given 

by  dh 

H  -  2h  =  0 


i.e. 


2 


To  find  out  whether 


d2R 

dh2 


is  negative  at  this  value 


of  h,  we  differentiate  Eq.  (i)  with  respect  to  h  to 
get 

d2 R  _  2/?  (  ,  1  (H-2h)\ 

dh2  (H-h)1'2  l  +4/? (H-h)] 
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Putting 


h  =  HI 2,  we  have 

=  -  V2 H 


rd2R ^ 


dh 


Jh=H!  2 


which  is  negative.  Hence  R  will  be  maximum  at 
h  =  HI 2.  Thus  for  range  R  to  be  maximum  the  hole 
must  be  exactly  in  the  middle  of  the  tank. 

21.  Using  Bernoulli’s  theorem,  we  have 

1  2 

-  pv  =p  =  pgh 


or 


h  =  — 


2  g 


(1) 


0-2,, 2  2 
2n  v  r 


Now  v  =  rco=  r  (2 n  v).  Using  this  in  (1),  we  get 
/?  = 

g 

Given,  v  =  2  rev.  per  second,  r  =  0.05  m,  g=  10  ms 


-2 


and  7T  =  10.  Using  these  values,  we  get  h  =  0.02  m 
=  2  cm,  which  is  choice  (a). 

22.  The  horizontal  range  of  a  jet  of  water  emerging 
from  a  hole  at  a  height  h  below  the  surface  of  water 
is  given  by 

R  =  2yjh(H -h) 


The  upper  hole  is  at  a  height  |  —  +  /?, 


from  the 


H 


bottom  and  the  lower  hole  is  at  a  height  -  h2 

from  the  bottom.  Their  depths  from  the  surface 
H 


are  respectively 
horizontal  ranges  will  be  equal  if 


and  I  — - 


■h, 


The 


H 


H 


2  J  —  +  K  —~h  “2  —  +  h 


H 


—  ~h2 
2  2 


which  gives  hx  =  h2.  Hence  the  correct  choice 

is  (a). 

23.  Velocity  of  efflux  ( v )  =  sl2gd  .  Time  taken 


t  = 


Range  R  =  velocity  x  time  =  vt 

=  \j2gd  x  —  =  j 4dh 
V  g 

,  R2 

or  R  =  4  dh  or  d  =  —  ,  which  is  choice  (c). 
4/7 

nP,n4  nP~,r% 

24.  Q.  =  — ^  and  Q7  = - . 

877/j  2  8  rjl2 

Since  the  tubes  are  connected  in  series,  Ox  =  02 


or 


or 


np\r\ 

Pi 


K  Plr2 

8  t?/2 

ro 

—  X 

Jl  2 


(r  \ 
Hi) 


=  I  —  ]  x  24  = 


Hence  the  correct  choice  is  (a). 

25.  When  the  sphere  acquires  terminal  velocity,  the  up¬ 
ward  viscous  force  equals  the  apparent  weight  in 
glycerine.  Therefore,  the  magnitude  of  the  viscous 
force  is  (here  r  is  the  radius  of  the  sphere) 

F  =  \  ftr 3  (x  -y)g  =  —  (x  -y)g  =  mg 
3  x 

Hence  the  correct  choice  is  (c). 

26.  Radius  R  of  the  single  tube  is  given  by 


I-* 


n  pR ' 
877/ 


K  pr4  +  n  p  (2r)4 


8  pi 


8?)/ 


or  R4  =  r4  +  16/'4  or  R  =  ( 1 7)1/4  r  which  is 
choice  (a). 

27.  Mass  flux  =  rate  of  mass  of  liquid  flowing  per  unit 
areas 


mass  mass  distance  moved 

= - = - x - 

area  X  time  volume  time  taken 

=  density  x  velocity  of  flow 
=  pv 

Since  mass  flux  is  the  same  plvi  =  p2v2 
According  to  continuity  equation,  A  =  A  2v2 

Pi  _  v2  A  A  1 

P2  v  1  A2  2  4  2 

Hence  the  correct  choice  is  (d). 

28.  Let  h  be  the  initial  height 

of  the  liquid  of  density  p  —————— 

in  the  container  of  cross- 
sectional  area  A .  The  mass  E  E  :E  E  E  E  EE 

of  the  liquid  in  the  container  h  =  =  =  =  =  =  = 

initially  is  (Fig.  12.9)  E  E  =  E  E  E  E 

777  =  Ahp  _  E  =  =  =  =  =  =  E  ? 

From  Torricelli’s  theorem,  Fjn_  12.9 

the  velocity  of  the  liquid 
flowing  out  of  the  hole  is 

v  =  ^|2gh 

.’.  Volume  of  liquid  flowing  out  per  unit  time  =  era. 
Hence  the  mass  of  liquid  flowing  out  per  unit  time  = 
pcro.  Therefore,  the  momentum  carried  per  unit  time 
by  the  liquid  flowing  out  is  =  (mass  per  unit  time)  x 
velocity  =  ( pav)v  =  pav2. 

This  is  the  rate  of  change  of  momentum  of  the  liquid 
flowing  out  which  is  the  force  with  which  the  liquid 
flows  out  at  t  =  0. 
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T  .  .  ,  ,  .  force  pav 2  av2 

Initial  acceleration  =  -  =  -  =  - 

mass  Ahp  Ah 

=  - ,  which  is  choice  (c). 

A 

29.  When  75%  of  the  liquid  has  drained  out,  the  height 
of  the  liquid  in  the  container  will  be  h'  =  hi  A.  For  this 
height, 

Velocity  of  liquid  flowing  out  (v')  =  sjlgh' 


h  gh 

~  \I2SX~  -Jy 


Now, 


h  =  —  .  Hence 
Ap 


30.  Refer  to  Fig.  12.10.  Let  v  be  the  velocity  of  efflux 
and  V  be  the  velocity  with  which  the  water  level 
in  the  tank  falls.  From  the  equation  of  continuity  of 
flow,  we  have  av  =  AV  or 


Fig.  12.10 

From  Bernoulli’s  theorem,  we  have 

po+\  PV2  +  pgH  =  P0  +  ^  pv2  +  pgh 

which  gives  v2  =  V2  +  2 g  (H-  h)  (2) 

Using  (1)  in  (2),  we  get 

2  =  2g  (H  -  h)  _  2  x  9.8  x  (2,0 -0,75)  =  ?5 

"W  "a2 

which  gives  v  =  5.0  ms  1 .  Hence  the  correct  choice 
is  (c). 

31.  Let  v  be  the  horizontal  speed  of  water  when  it 
emerges  from  the  nozzle.  From  the  equation  of 
continuity,  we  have 


AV  =  av 

or  v  =  -  (1) 

a 

Let  t  be  the  time  taken  by  the  stream  of  water 
to  strike  the  ground.  The  horizontal  and  vertical 
distances  covered  in  time  t  are 


R  =  vt 

(2) 

1  1  2 

*  -2S< 

(3) 

From  Eq.  (3)  we  have  t  =  — 

V  g 

Eq.  (2),  we  get 

.  Using  this  value  in 

flh 

R  =  v  .  — 

V  g 

(4) 

Using  Eqs.  (1)  and  (4),  we  have 


AV  2h 

R  =  -  —  ,  which  is  choice  (d). 

a  V  g 


32.  The  terminal  velocity  is 


_  2  (p  -  a)  r2g 


v,  =  - 
‘  9 


V 


The  rate  of  production  of  heat  (or  power  dissipated) 
is  given  by 

P  =  fv„  where  /=  6nrirvt 
P  =  6 nrjr  vt  x  v, 


=  6  nrjr 


2  (p  -  o)  r2g 

9  r] 


21r\ 


{p-af 


r 


5 


i.e.  P  r5  Hence  the  correct  choice  (d). 


33.  As  indicated  in  the  question  as  the  ball  enters  the 
water  it  has  already  attained  the  terminal  veloc¬ 
ity.  Terminal  velocity  is  reached  when  the  viscous 
force  (acting  upwards)  balances  the  weight  mg  of 
the  ball.  Therefore, 

6  70)  rv  =  mg 

where  6  nr\rv  is  the  viscous  force  on  the  ball.  Here 
v  its  terminal  velocity  and  T),  the  coefficient  of 
viscosity  of  water.  If  p  is  the  density  of  the  material 
of  the  ball, 

,  4  3  4j 

we  have  m  =  —  nr  p,  6  m]rv  =  —  nr  pg 
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2r  pg 

(1) 

or  v  -  „ 

9t) 

v2 

Now  v2  —  0  =  2 gh  =>  h 

=  2 g 

(2) 

From  (1)  and  (2)  we  find  that  h  r4,  which  is 
choice  (c). 


or 


hpw  ag  =  hwpwag  +  hkp^g 

l  \PWJ 

=  0.4  +  0.3  x  0.8  =  0.64  m 


From  Torricelli’s  theorem,  the  velocity  of  efflux  is 


34.  Let  pw  and  pk  be  the  densities  of  water  and  kero¬ 
sene.  The  initial  weight  of  the  liquid  in  the  vessel  = 
hw  pw  ag  +  hk  pk  ag  where  hw  and  hk  are  the  thick¬ 
nesses  of  water  and  kerosene  layers  and  a  is  the 
cross-sectional  area  of  the  vessel.  Let  this  weight 
be  equivalent  to  water  layer  of  thickness  /?,  then 


v  =  ■> Jlgh 
=  c/2  x  10x0.64 
Hence  the  correct  choice  is  (d). 


# 

Multiple  Choice  Questions  with  Two  or  More  Choices  Correct 


1.  Which  of  the  following  are  dimensionless? 

(a)  Strain  (b)  Relative  density 

(c)  Poisson’s  ratio  (d)  Reynold’s  number 

2.  The  dimensions  of  pressure  are  the  same  as  those  of 

(a)  stress  (b)  modulus  of  elasticity 

(c)  surface  tension  (d)  viscosity 

3.  Choose  the  correct  statements  from  the  following: 

(a)  The  terminal  velocity  of  a  spherical  body 
falling  in  a  fluid  depends  on  the  diameter  and 
density  of  the  body  as  well  on  the  density 
and  viscosity  of  the  fluid. 

(b)  To  keep  a  piece  of  paper  horizontal,  we 
should  blow  under  it  and  not  over  it. 

(c)  The  velocity  of  fluid  flow  at  any  section  of 
a  pipe  is  directly  proportional  to  the  area  of 
cross-section  at  that  section. 

(d)  A  fluid  flowing  out  of  a  small  hole  in  a  vessel 
results  in  a  backward  thrust  on  the  vessel. 

4.  A  liquid  flows  through  a  non-uniform  pipe.  The 
pressure  in  the  pipe  will  be 

(a)  higher  where  the  cross  section  is  smaller 

(b)  lower  where  the  cross  section  is  smaller 

(c)  higher  where  velocity  of  the  liquid  is  smaller 

(d)  the  same  throughout  the  pipe. 

5.  Choose  the  incorrect  statements  from  the  follow¬ 
ing.  When  a  liquid  flows  through  the  narrow  part 
of  a  nonuniform  pipe, 

(a)  its  velocity  and  pressure  both  increase 

(b)  its  velocity  and  pressure  both  decrease 


(c)  its  velocity  decreases  but  its  pressure  increases 

(d)  its  velocity  increases  but  its  pressure  decreases 

6.  The  rate  of  flow  of  a  liquid  through  a  capillary  tube 
depends  upon 

(a)  the  pressure  difference  between  the  ends  of 
the  tube 

(b)  the  radius  of  the  tube 

(c)  the  length  of  the  tube 

(d)  the  viscosity  of  the  liquid. 

7.  The  viscous  force  on  a  spherical  body  moving 
through  a  fluid  depends  upon 

(a)  the  mass  of  the  body 

(b)  the  radius  of  the  body 

(c)  the  velocity  of  the  body 

(d)  the  viscosity  of  the  fluid. 

8.  The  terminal  velocity  of  a  spherical  body  falling 
through  a  fluid  depends  upon 

(a)  the  density  of  the  body 

(b)  the  radius  of  the  body 

(c)  the  density  of  the  fluid 

(d)  the  viscosity  of  the  fluid. 

9.  A  horizontal  tube  OP  of  length  L  and  of  uniform 
cross-sectional  area  a  is  open  at  end  O  and  has  a 
small  hole  at  the  other  endR.  The  tube  is  filled  with 
a  liquid  of  density  p  and  then  rotated  about  the  axis 
passing  through  O  at  an  angular  velocity  co.  At  the 
instant  when  LI 2  length  of  liquid  column  is  left  in 
the  tube,  the  pressure  exerted  by  the  liquid  at  end 
P  is  p  and  the  velocity  of  the  liquid  flow  from  the 
hole  is  v.  If  viscous  effects  are  neglected 
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(a)  p  = 

2  2  7-2 

-pco  L 

4 

(b)  P 

(c)  v  = 

&L 

(d)  v 

3  2  t-2 

-pco~L 

8 

v/3  coL 
2 


10.  In  a  streamlined  flow  of  a  liquid  through  a  tube  of 
nonuniform  cross-section, 

(a)  the  speed  of  a  particle  at  a  given  point  is  the 
same  as  that  of  the  preceding  particle  passing 
that  point. 

(b)  the  velocity  of  a  particle  at  a  given  point  is 
the  same  as  that  of  the  preceding  particle 
passing  that  point. 

(c)  the  momenta  of  all  particles  passing  a  given 
point  are  the  same. 

(d)  the  kinetic  energy  of  every  particle  passing 
a  given  point  is  the  same. 

11.  A  liquid  is  flowing  steadily  through  a  horizontal 
tube  shown  in  Fig.  12. 1 1 .  If  PA  and  PB  are  the  pres¬ 
sures  at  A  and  B  and  vA  and  vB,  the  velocity  of  flow 
at  A  and  B,  then 

(a)  PA  =  PB  because  A  and  B  are  at  the  same 
horizontal  level. 

(b)  PA  is  greater  than  PB. 

(c)  vA  is  greater  than  vB. 

(d)  vA  is  less  than  vB. 


Fig.  12.11 

12.  The  upper  surface  of  the  wing  of  an  aircraft  is  more 
curved  that  the  lower  surface.  It  is  flying  horizon¬ 
tally.  If  zq  and  v2  are  the  velocities  of  air  along  the 
upper  and  lower  surfaces  respectively  and  px  and p2 
the  respective  air  pressures,  then 
(a)  zq  >  V2  (b)  zq  <  V2 

(c)  Px  >  P2  (d)  Px  <  p2 


(b)  p2-  p  j  =  4.5  x  103  Pa 

(c)  dynamic  uplift  on  the  wing  is  4.5  x  104N. 

(d)  dynamic  uplift  on  the  wing  is  2.25  X  104N 

14.  A  syringe  containing  water  is  held  horizontally  with 
its  nozzle  at  a  hight  h=  1 .25  m  above  the  ground  as 
shown  in  Fig  12.12.  The  diameter  of  the  piston  is  5 
times  that  the  of  nozzle.  The  piston  is  pushed  with 
a  constant  speed  of  20  cm  s  .  If  g  =  10  ms  , 

(a)  The  speed  of  water  emerging  from  the  nozzle 
is  5  ms-1. 

(b)  The  time  taken  by  water  to  hit  the  ground  is 
0.5  s. 

(c)  The  horizontal  range  R  =  2.5  m. 

(d)  The  magnitude  of  the  velocity  with  which  the 
water  hits  the  ground  is  S\fl  ms-1. 

|  III,  2006 


Syringe 


Nozzle 


Stream  of 
water 


Piston 


GROUND 

\ 

<  R  > 

Fig.  12.12 


15.  A  liquid  of  density  p  is  con¬ 
tained  in  a  cylindrical  vessel 
of  radius  r.  When  the  vesel 
is  rotated  about  its  axis  at  an 
angular  velocity  co,  the  liquid 
rises  by  h  at  the  sides  as  shown 
in  Fig.  12.13.  If  pc  is  the  pres¬ 
sure  of  the  liquid  at  the  centre 
and  ps  at  the  sides  of  the  vessel, 
then 


13.  In  Q.12  above,  if  zq  =100  ms-1,  v2=  80  ms-1,  the 
density  of  air  at  the  height  of  the  aircraft  =  1.25 
kg  nT3  and  surface  area  of  the  wing  is  20  m2,  then 

(a)  p2-  Px~  2.25  x  1 03  Pa 


(a)  Pc  >  Ps 


(c)  h 


r^co 

~2g 


2 


(b)  Pc  <  Ps 


(d)  h 


r2(0 


2 


8 


ANSWERS  AND  SOLUTIONS 

1.  All  quantities  are  dimensionless. 

2.  The  correct  choices  are  (a)  and  (b). 

3.  Statement  (a)  is  correct.  Statement  (b)  is  incor¬ 
rect;  we  must  blow  over  the  paper  and  not  under 


it.  If  we  blow  over  a  piece  of  paper,  the  velocity 
of  air  moving  along  the  upper  surface  of  the  paper 
is  higher  than  that  along  the  lower  surface.  There¬ 
fore,  from  Bernoulli’s  principle,  the  air  pressure  on 
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the  upper  surface  falls  below  the  atmospheric  pres¬ 
sure  whereas  that  on  the  lower  surface  rises  above 
the  atmospheric  pressure.  Hence  an  upward  thrust 
is  exerted  on  the  paper  which  keeps  it  horizontal. 
Statement  (c)  is  wrong.  Equation  of  continuity  of 
flow  (av  =  constant)  tells  us  that  v  is  inversely 
proportional  to  a.  Statement  (d)  is  correct.  The 
fluid  flowing  out  of  a  hole  has  velocity  and  there¬ 
fore  momentum  in  the  outward  direction.  From  the 
principle  of  conservation  of  momentum,  the  vessel 
must  experience  a  recoil  momentum  in  the  back¬ 
ward  direction  and  hence  a  backward  thrust. 

4.  According  to  the  Bernoulli’s  principle,  the  pressure 
of  the  liquid  will  be  lower  where  the  cross-section 
of  the  pipe  is  smaller.  From  the  continuity  condi¬ 
tion,  it  follows  that  the  velocity  of  the  liquid  flow 
will  be  higher  where  the  cross-section  of  the  pipe 
is  smaller.  Hence  choices  (b)  and  (c)  are  correct. 

5.  Choices  (a),  (b)  and  (c)  are  incorrect.  Consider  two 
points  A  and  B  in  the  pipe  at  the  same  horizontal 
level.  At  point  A,  let  ax  be  the  area  of  cross-section 
of  the  pipe,  vl  the  velocity  of  fluid  flow  and  px  the 
fluid  pressure.  Let  a2,  v2  and p2  be  the  corresponding 
quantities  at  point  B.  Then  from  Bernoulli’s  theorem 
we  have 


1  2  1  2 

Pl  +  1  =  Pl  +  ~PV  2 

or  {px  -p2)  =  ^P(vl  ~v\)  (0 

If  a2  <  ax,  it  following  from  continuity  equation 
a  |  v ,  =  a2v2,  that  tq  >  v2.  From  Eq.  (i)  it  follows  that 
p2<  P\.  Hence,  at  the  narrow  part  of  the  pipe,  the 
fluid  velocity  increases  but  its  pressure  decreases. 

6.  The  correct  choices  are  (a),  (b),  (c)  and  (d).  The 
rate  of  flow  is  given  by 


Q  = 


tc  pr 

877/ 


7.  The  correct  choices  are  (b),  (c)  and  (d).  The 
viscous  force  is  given  by 

F  =  6  n  r\  r  v 


8.  All  the  four  choices  are  correct.  The  terminal 
velocity  is  given  by 

=  2  (p-o)r2g 
9p 

where  p  =  density  of  the  body  and  0=  density  of  the 
fluid 

9.  Consider  a  small  element  of  the  liquid  of  length 
dr  at  a  distance  r  from  O.  The  mass  of  the  element 
m  =  apdr.  Therefore,  the  outward  force  (centrifugal 
force)  acting  on  the  element  is  (see  Fig.  12.14) 


dF  =  mrco2  =  apcif  rdr 

The  total  outward  force  F  acting  on  the  liquid 
column  of  length  /  at  that  instant  is  obtained  by 
integrating  this  expression  from  r  =  (L  -  /)  to  r  = 
L.  Thus 


F  =  a  pot  |  rdr  =  a  par 


L-l 


(L-l) 


I 


=  -  apot  [ L  -  (L  -  l)  ]  =  apotl  I  L - 


Given  /  =  L!2.  Therefore,  F  =  ^>aPc0  ^ 


r  d  22 

Outward  pressure  at  P  is  p  =  —  =  -  porL  .  If  v  is 

a  8 

the  velocity  of  efflux  due  to  this  pressure,  then 

1  2  3  7  1 

-pv-=P=  -parL 


...  .  'JSooL 

which  gives  v  =  — - — 


Hence  the  correct  choices  are  (b)  and  (d). 

10.  The  correct  choices  are  (b),  (c)  and  (d). 

11.  Equation  of  continuity  gives  vA  <  vB.  From  Ber- 


1  2  1  2 

noulli’s  theorem  PA  •  —  pv  A  =  PB  +  —  pvB.  Since 


vb  >  va>  Pb  <  Pa-  Thus  the  correct  choices  are  (b) 
and  (d). 

12.  As  the  aircraft  moves,  the  streamlines  of  air  flow 
curve  around  the  wing  and  meet  at  the  rear  end  at 
the  same  time.  Hence  velocity  of  air  moving  along 
the  upper  surface  is  higher  than  that  moving  along 
the  lower  surface.  According  to  Bernoulli’s  prin¬ 
ciple,  the  air  pressure  on  the  upper  surface  is  less 
than  that  on  the  lower  surface  of  the  wing.  Hence 
the  correct  choices  are  (a)  and  (d). 

13.  From  Bernoulli’s  principle, 

&P  =Pi~Pi  =  \  p  (^1-^2) 

=  i  x  1.25  [(100)2-  (80)2  ]  =  2.25  x  103Pa 


uplift  =  A px  area  of  wing 
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=  2.25  x  103  x  20  =  4.5  x  104N 
Thus  the  corect  choices  are  (a)  and  (c). 


14.  (a)  Area  of  piston  A  = 


kD “ 


D  =  diameter  of 


When  the  cylindrical  vessel  is  rotated  at  angular 
velocity  a>  about  its  axis,  the  velocity  of  the  liquid 
at  the  sides  is  the  maximum,  given  by 

vs  =  rco 


piston 


Area  of  nozzle  a  = 


nd 2 


d  =  diameter  of  nozzle 


where  r  is  the  radius  of  the  vessel.  Applying 
Bernoulli’s  theorem  at  the  sides  and  at  the  centre  of 
the  vessel,  we  have  (Fig.  12.8) 


From  equation  of  continuity  A  V  =  av, 

2 

V=  —  =  ^r  xV=  (5)2  x  0.2  =  5  ms_I 
a  d~ 


(b)  t  = 


2x1.25 


10 


=  0.5  s 


(c)  R  =  vt  =  5  x  0.5  =  2.5  m 

(d)  Florizontal  velocity  vx  =  v  =  5  ms-1 
Vertical  velocity  at  t  =  0.5  is  v  =  g,  =  1 0  x  0.5 

y  _i 

=  5  ms 

.'.  Magnitude  of  velocity  =  {v2x  +p2)1/2  =  [(5)2  +  (5)2] 

=  5V2  ms-1 

Hence  all  choices  are  correct. 

15.  According  to  Bernoulli’s  theorem 
1  2 

p  +  —  pv  =  constant 


1  2  1  2 

Ps  +  =pc+  2^ 

where  ps  =  pressure  at  the  sides,  pc  =  pressure  at  the 

centre  and  vc  =  velocity  of  the  liquid  at  the  centre. 
Now,  since  vc  =  0,  we  have 

Pc-Ps=  \pvl=  \p>Pop  (!) 

Since  pc  is  greater  than  ps,  the  liquid  rises  at  the 
sides  of  the  vessel.  Let  h  be  the  difference  in  the 
levels  of  the  liquid  at  the  sides  and  at  the  centre 
(Fig.  12.8),  then 

Pc Ps  =  PSh  (2) 

From  (1)  and  (2),  we  have 

1  22  ,  >'2<y2 

pgh  =  —  prof  or  n  =  - 

2  2g 

Hence  the  correct  choices  are  (a)  and  (c). 


% 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

Stokes  ’  Law:  A  body  falling  through  a  viscous  medium 
experiences  a  retarding  force  resulting  in  absorption  of 
energy  by  the  medium  in  the  form  of  heat.  The  motion  of 
the  body  produces  a  relative  motion  between  the  different 
layers  of  the  fluid.  Consequently,  it  experiences  a  force 
which  tends  to  retard  its  motion.  When  a  small  spherical 
body  is  dropped  in  a  viscous  liquid  such  as  glycerine,  it 
accelerates  first,  but  soon  begins  to  experience  a  retard¬ 
ing  force.  When  the  retarding  force  becomes  equal  to  the 
effective  weight  of  the  body  in  the  fluid,  the  body  experi¬ 
ences  no  net  force  and  falls  with  a  constant  velocity  known 
as  the  terminal  velocity. 

George  Stokes  found  that  a  small  spherical  body  of 
radius  r  moving  with  a  uniform  velocity  v  in  a  fluid  of 
coefficient  of  viscosity  /]  experiences  a  retarding  force  F 
given  by 


F  =  6  n  T]  r  v 

1.  From  relation  F  =  6  n  7]  r  v,  the  dimensions  of  /] 
are 

(a)  ML  'T  1  (b)  ML  'T  2 

(c)  ML  2T  2  (d)  ML  2T  2 

2.  Choose  the  correct  statement.  When  a  small  body 
falls  freely  in  a  viscous  fluid 

(a)  its  speed  increases  indefinitely 

(b)  its  speed  first  increases  due  to  gravity  and  then 
decreases  due  to  viscosity  of  the  liquid,  eventu¬ 
ally  the  body  comes  to  test  in  the  liquid 

(c)  it  accelarates  first  and  then  experiences  decel¬ 
eration  until  it  acquires  a  constant  velocity  called 
terminal  velocity 

(d)  the  speed  of  the  body  remains  constant  through¬ 
out  the  motion. 
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3.  If  the  upthrust  on  a  body  is  negligible  compared  to 
its  weight,  the  terminal  velocity  of  a  small  spheri¬ 
cal  body  falling  through  a  viscous  liquid  depends 
upon 

(a)  the  mass  of  the  body 

(b)  the  diameter  of  the  body 

(c)  the  viscosity  of  the  liquid 

(d)  the  acceleration  due  to  gravity. 

ANSWERS 

1.  The  correct  choice  is  (a) 

2.  The  correct  choice  is  (c) 

3.  All  the  four  choice  are  correct.  The  terminal  veloc¬ 
ity  (if  upthrust  is  neglected)  is  given  by 


4.  A  body  having  a  low  density  and  relatively  large 
surface  area  for  its  weight 

(a)  falls  through  a  long  distance  before  it  acquires 
its  terminal  velocity 

(b)  falls  through  a  short  distance  before  it  acquires 
its  terminal  velocity 

(c)  acquires  a  high  terminal  velocity 

(d)  can  never  acquire  terminal  velocity. 


Ut  - 

6  mjr 

4.  The  correct  choice  is  (b). 


Questions  5  to  7  are  based  on  the  following  passage 
Passage  II 

When  a  liquid  flows  in  a  tube,  there  is  a  relative  motion 
between  adjacent  layers  of  the  liquid.  This  force  is  called 
the  viscous  force  when  tends  to  oppose  the  relative  motion 
between  the  layers  of  the  liquid.  Newton  was  the  first 
person  to  study  the  factors  that  govern  the  viscous  force 
in  a  liquid.  According  to  Newton’s  law  of  viscous  flow, 
the  magnitude  of  the  viscous  force  on  a  certain  layer  of  a 
liquid  is  given  by 


F  =—  r\ A 


dv 

dx 


where  His  the  area  of  the  layer,  —  is  the  velocity  gradient 

dx 

at  the  layer  and  Tj  is  the  coefficient  of  viscosity  of  the 
liquid. 


5.  Iff  is  the  frictional  force  between  a  solid  sliding 
over  another  solid,  and  F  is  the  viscous  force  when 
a  liquid  layer  slides  over  another,  then. 

SOLUTION 


(a)  /  is  independent  of  the  area  of  the  solid  slid¬ 
ing  over  another  solid. 

(b)  /  depends  on  the  relative  velocity  of  one  solid 
with  respect  to  the  other. 

(c)  F  depends  on  the  area  of  the  layer  of  the 
liquid. 

(d)  F  is  independent  of  the  relative  velocity 
between  adjacent  layers. 

6.  The  dimensional  formula  for  the  coefficient  of  vis¬ 
cocity  is 

(a)  [ML^T"1]  (b)  [MLT-1] 

(c)  [ML~2T"2]  (d)  [MIT1^2] 

7.  A  river  is  5  m  deep.  The  velocity  of  water  on  its  sur¬ 
face  is  2  ms-1 .  If  the  coefficient  of  viscosity  of  water 
is  10  !  Nsm  2,  the  viscous  force  per  unit  area  is 

(a)  1 (T4  NnT2,  (b)  2x  l(T4NnT2, 

(c)  4  X  1CT4  NnT2,  (d)  5  x  1(T4  NnT2, 


5. 


6. 


In  the  case  of  solid  sliding  over  another  solid,  the 
frictional  force  is  independent  of  the  area  of  contact 
and  of  the  relative  velocity  between  the  solid  sur¬ 
faces.  This  is  not  true  in  the  case  of  viscous  force 
between  layers  of  a  liquid.  Thus  the  correct  choices 
are  (a)  and  (c). 

The  numerical  value  of  rj  is  given  by 
F 

7]  =  - 

A(dv/dx ) 


[fl] 


MLT~2 


=  [ml^t1] 


The  velocity  of  water  in  contact  with  river  bed  is 
zero. 


—  =  1(T3x-  =  4  x  1  (T4 
dx  5 


NnT2  . 


Questions  8  to  11  are  based  on  the  following  passage 
Passage  IV 

A  large  container  of  negligible  mass  is  open  at  the  top  and 
has  a  uniform  cross-sectional  area  A.  It  has  a  small  hole 


of  cross-sectional  area  a  («  A  )  in  its  side  wall  near  the 
bottom.  The  containar  is  kept  on  a  horizontal  frictionless 
floor  and  contains  a  liquid  of  density  p  and  mass  m  filled 
up  to  a  height  h  from  the  bottom. 
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8.  The  initial  rate  of  change  of  momentum  of  the 
liquid  flowing  out  from  the  hole  is 

(a)  pagh  (b)  pAgh 

(c)  2 pagh  (d)  2pAgh 

9.  The  initial  force  with  which  the  liquid  flows  out 
from  the  hole  is 

(a)  [—Xng  (b) 


(c)  ( ~j]mg 

SOLUTIONS 


(d)  —  mg 

a 


8.  Pressure  at  the  bottom  (hole)  is  P  =  hpg. 

Force  at  the  hole  is 

F  =  pressure  P  x  area  a  of  the  hole  =  hpga 

From  Torricelli’s  theorem,  the  velocity  of  the  liquid 
flowing  out  of  the  hole  is 

V  =  yjlgh 

Volume  of  liquid  flowing  out  per  unit  time  =  av. 
Hence  the  mass  of  liquid  flowing  out  per  unit  time 
=  pav.  Therefore,  the  momentum  carried  per  unit 
time  by  the  liquid  flowing  out  is  =  (mass  per  unit 
time)  x  velocity  =  ( pav)v  =  pav2. 

Thus  the  rate  of  change  of  momentum  of  the  liquid 
coming  out  of  the  hole  =  pav  =  pax  2  gh  =  2pagh, 
which  is  choice  (c). 

9.  Force  =  rate  of  change  of  momentum  =  2pagh  = 
I2a\ 

I  — I  mg  ( v  m  =  pAh).  Hence  the  correct  choice 
is  (c). 


10.  The  initial  acceleration  of  the  container  is 
(a)  zero  (b)  g 


(C>  fa 


<d)  M 

A 


11.  The  velocity  of  efflux  when  75%  of  the  liquid  has 
drained  out  is 


(b)  yfgfl 


«=>  ff 


10.  Initial  acceleration  of  container  is  due  to  the  back¬ 
ward  reaction  force  exerted  on  the  container  by  the 
liquid  emerging  from  the  hole.  The  action  force  = 
rate  of  change  of  momentum  of  the  emerging  water 
12  a\ 

=  I —  I  mg  which  equal  and  opposite  to  the  reac¬ 
tion  force  on  the  container.  Hence  the  backward 

backward  force 


acceleration  of  the  container  = 


j  g,  which  is  choice  (d). 


mass 


11.  When  75%  of  the  liquid  has  drained  out,  the  height 
of  the  liquid  in  the  container  will  be  h'  =  hi 4.  For 
this  height, 

Velocity  of  liquid  flowing  out  (v')  =  \j2gh' 


h  /  gh 

=  x/2g  X  —  =  A—  ,  which  is  choice  (a). 


Questions  12  to  14  are  based  on  the  following  passage 
Passage  V 

A  cylindrical  tank  of  cross- 
sectional  area  A  rests  on  a 
platform  of  height  //  from 
the  ground  as  shown  in 
Fig.  12.15.  It  has  a  hole  of 
cross-sectional  area  a  on 
the  side  wall  at  the  bottom. 

The  tank  is  filled  with  water 
to  a  height  /?.  The  plug  is 
removed  from  the  hole. 

12.  The  initial  speed  with  which  the  water  hits  the 
ground  is 


(a)  f2gh  (b)  [2 g(H2  +  h2ya]m 

(c)  v/2 g(H  +  h)  (d)  V2 ~gH 

13.  The  stream  of  water  strikes  the  ground  at  a  distance 
R  given  by 

(a)  4hH  (b)  42hH 

(c)  2 4hH  (d)  yl(h2  +H2) 

14.  The  time  taken  to  empty  the  tank  to  one-fourth  of 
its  original  volume  of  water  is 
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SOLUTION 


12.  Velocity  of  efflux  from  the  hole  is  vx  =  yfl ~gh  . 
This  is  the  horizontal  velocity,  which  remains  un¬ 
changed.  Vertical  velocity  on  striking  the  ground  is 
vy  =  \j2gH  (use  u2  =  v2  +  2  as). 

The  resultant  speed  with  which  the  water  strikes 
the  ground  is 

v=  <Jv2x  +  v2y  =  yj2g(H  +  h) 

Hence  the  correct  choice  is  (c). 

13.  Time  taken  by  stream  to  strike  the  ground  is 


R  =  vxx  t  =  yj2gh 


2 yJhH  ,  which  is 


choice  (c). 

14.  As  water  flows  through  the  orifice,  the  level  of  wa¬ 
ter  in  the  tank  keeps  falling  with  time.  If  x  is  the 
height  of  the  water  level  at  an  instant  of  time  t,  then 
the  instantaneous  speed  of  water  flowing  out  is 


that  instant  which  is  given  by  -  A  cbc/dt,  where  A  is 
the  cross-sectional  area  of  the  tank.  The  negative 
sign  indicates  that  height  x  of  water  decreases  with 
time.  Thus 

a  ^2 gx  =  -  A 

dt 


or 


dt  = 


Adx 

as]2gx 

A 


aj2g 


x  1/2  dx 


(1) 


The  time  t  taken  to  empty  the  tank  to  half  its  original 
volume  is  obtained  by  integrating  (1)  from  x  =  h  to 
x  =  /?/ 4.  Thus 


t  = 


—  f 

g  { 


x  1/2  dx 


A 

a42g 


1/  2 


1/2 


h/4 


vx  =  V2 

If  a  is  the  cross-sectional  area  of  the  orifice,  the 
volume  of  water  flowing  per  unit  time  at  that  instant 
=  avx  =  a  ^2 gx  .  This  must  be  equal  to  the  rate  at 
which  the  volume  of  water  in  the  tank  decreases  at 


2  A 


<\flg 


1/2 


-.1/2 


h 

—  ,  which  is  choice 
1 2  g 


(a). 


Questions  15  to  17  are  based  on  the  following  passage 
Passage  VI 

A  cylindrical  tank  is  open  at  the  top  and  has  cross-sectional 
area  a1.  Water  is  filled  in  it  up  to  a  height  h.  There  is  a  hole 
of  cross-sectional  area  a2  at  its  bottom.  Given  ax  =  3 a2- 


15.  The  initial  velocity  with  which  the  water  falls  in  the 
tank  is 


(a)  yf2 ~gh 


(b) 

(d) 


SOLUTIONS 

15.  Let  vx  be  the 
initial  velocity  of 
water  in  the  tank 
and  v2  the  initial 
velocity  of  flow 
of  water  from  the 
hole,  then  from 
continuity  of  flow 
(Fig.  12.16), 


Fig.  12.16 


16.  The  initial  velocity  with  which  the  water  emerges 
from  the  hole  is 

(a)  ^4gh  (b)  yf2 ~gh 

(c)  (d)  2^h 

17.  The  time  taken  to  empty  the  tank  is 


zq  ci'y'V' 


2U2 


= 


f  „  \ 


V  “1  J 


Applying  Bernoulli’s  theorem  at  A  and  B, 

1  ?  1  ? 

Pq+  Pgh  +  ~  pv i  =^0+  -py i 

=>  v2  =v\-  2gh 


(1) 


(2) 


12.22  Comprehensive  Physics — JEE  Advanced 


Using  (1)  in  (2),  we  get  vx  =  ^^fgh  ,  which  is 
choice  (d). 

16.  v2  =  3pj  =  —yfgh  .  Hence  the  correct  choice  is  (c). 

17.  As  h  decreases  with  time,  we  have 

dh 


= 


dt 


dt  =  -  —  =  — jLx  h- 1/2  dh 

v\  Jg 


The  time  taken  to  empty  the  tank  is  obtained  by 
integrating  from  h  =  h  to  h  =  0.  Thus 

t  -  r /? 1/2  dh 

\g  h 

=  -  -jL  (0  -  2  yfh)=  4  £ 

y/g  vs 

Hence  the  correct  choice  is  (b). 


Questions  18  to  20  are  based  on  the  following  passage 
Passage  VII 

A  container  of  large  uniform  cross-sectional  area  A  resting 
on  a  horizontal  surface,  is  filled  with  two  non-mixing 
and  non  viscous  liquids  of  densities  d  and  2d,  each  to  a 
height  HI 2  as  shown  in  Fig.  12. 17.  A  tiny  hole  of  cross- 
sectional  area  a(«  A)  is  punched  on  the  vertical  side  of 
the  container  at  a  height  h  =  HI 4. 


Fig.  12.17 


SOLUTION 


18.  Let  v1  be  the  initial  velocity  of  the  fall  of  liquid 
level  in  the  container  and  v2  the  velocity  of  efflux 


from  the  hole.  Then  Hu  j  =  av2  or  vx  =  J  v2.  since 

a  «  A,  v2  -  0.  Applying  Bernoulli’s  theorem  at  a 
point  on  the  top  of  the  liquid  and  at  the  hole,  we 
have 


1 


P0  +  -dvl  +dg\  —  \  +  (2  d)g 


H 


=  po+  ~  (2 d)v{+  (2d)  gh 


Putting  t’|  =  0,  we  get 


v,  = 


2H~2h  lg 


1/2 


18.  The  initial  speed  of  efflux  of  the  liquid  from  the 
hole  is 


(a)  2^2gH 

(b)  2^H 

(c)  s\2gH 

(d)  4gH 

The  horizontal  range  x  of  the  liquid  initially  is 

(a)  H 

(c)  — 

2 

(d)  142 

The  height  h  of  the  hole  from  the  ground  for  which 

the  horizontal 

range  x  is  maximum  is 

,  ,  2  H 

(a)  - 

3 

3  H 

<c)  A 

0,f 

Putting  h  =  HI 4,  we  get  v2  =  *JgH  which  is 
choice  (d). 

[2 ~h 

19.  Time  of  fall  t  =  —  .  Horizontal  range  is 

U 


x  =  v1t  = 


~H~2h  |g 


— 1I/2 


=  [h(3H-  4/7)] 


1/2 


H 


(1) 


putting  h  =  HI 4,  we  get  x  =  —==  ,  which  is 
choice  (b). 
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20.  To  determine  the  height  h  at  which  the  range  x  is 

maximum,  we  differentiate  (1)  with  respect  to  h  and 

dx  „  . 
set  —  =  0,  i.e. 
dh 

—  [3Hh  -  Ah2] 1/2  =  0 
dh 


or 


[3  Hh 


4/?2]  1/2  X  (3 H  -  8/?)  =  0 


(3 Hh  -  4 h2)~112  cannot  be  zero  since  this  would 
give  x  =  infinity  which  is  not  possible.  Hence  x  is 
maximum  (=  x,„)  at  a  value  of  h  given  by 


Using  this  value  of  h  in  (1),  we  get 

,  — it  /  2 


Xm  = 


H  I  3H  -  —  H 


which  gives  3 H  -  8/2  =  0  or  h  =  -  H.  Notice  that 


Hence  the  correct  choice  is 


(c). 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  statement- 1. 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
statement- 1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

To  keep  a  piece  of  paper  horizontal,  we  should  blow 
over  it  and  not  under  it. 

Statement-2 

In  a  steady  flow  of  a  fluid,  the  total  energy  of  a 
given  mass  of  a  fluid  is  conserved. 

2.  Statement-1 

If  we  plug  a  running  water  tap  with  our  fingers,  fast 
jets  of  water  gush  through  the  opening  between  in 
fingers. 

Statement-2 

The  pressure  of  water  at  the  opening  increases  due 
to  the  decrease  in  the  area. 

3.  Statement-1 

When  a  fluid  flows  out  of  a  small  hole  in  the  sides  of 
a  vessel,  a  backward  force  is  exerted  on  the  vessel. 

Statement-2 

The  total  energy  of  a  given  mass  of  a  fluid  in  motion 
is  conserved. 


4.  Statement-1 

The  critical  velocity  of  a  liquid  flowing  through  a 
tube  is  inversely  proportional  to  the  radius  of  the 
tube. 

Statement-2 

The  velocity  of  a  liquid  flowing  through  a  tube  is 
inversely  proportional  to  the  cross-sectional  area  of 
the  tube. 

5.  Statement-1 

The  viscous  force  experienced  by  a  steel  ball 
moving  in  a  liquid  is  less  than  that  experienced  by 
an  aluminuim  ball  of  the  same  radius  moving  in 
the  liquid  with  the  same  speed. 

Statement-2 

The  density  of  steel  is  greater  than  that  of  alu¬ 
minuim. 

6.  Statement-1 

The  terminal  velocity  of  a  small  steel  ball  falling  in 
a  liquid  is  more  than  that  of  an  identical  aluminuim 
ball  falling  in  the  same  liquid. 

Statement-2 

The  density  of  steel  is  greater  than  that  of  alu¬ 
minuim. 

7.  Statement-1 

No  net  force  acts  on  a  body  falling  in  a  liquid  with 
a  velocity  equal  to  the  terminal  velocity. 

Statement-2 

The  weight  of  the  body  is  balanced  by  the  upward 
buoyant  force. 
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8.  Statement-1 

A  very  light  spinning  ball  can  be  held  hanging  in  air 
by  blowing  air  as  shown  in  Fig  12.18. 


Statement-2 

The  weight  of  the  bah  can  be  balanced  by  upthrust 
due  to  viscosity  of  air. 

SOLUTION 

1.  The  correct  choice  is  (a).  If  we  blow  over  a  piece  of 
paper,  the  velocity  of  air  moving  along  the  upper 
surface  of  the  paper  is  higher  than  that  along  the 
lower  surface.  From  Bernoulli’s  theorem  of  con¬ 
servation  of  energy  of  a  fluid  flow,  the  air  pressure 
on  the  upper  surface  will  be  less  that  on  the  lower 
surface  causing  an  uplift  of  the  paper. 

2.  The  correct  choice  is  (c).  The  cross-sectional  area 
of  the  opening  between  fingers  is  very  small  com¬ 
pared  to  that  of  the  tap,  From  continuity  of  flow,  the 
speed  of  water  emerging  from  the  opening  is  very 
high. 

3.  The  correct  choice  is  (c).  The  water  emerging  of 
from  the  hole  has  a  momentum.  From  conservation 
of  momentum,  the  vessel  acquires  a  recoil  momen¬ 
tum  in  the  backward  direction  and  hence  a  back¬ 
ward  thrust. 

4.  The  correct  choice  is  (c). 

5.  The  correct  choice  is  (d).  The  viscous  force  is 
independent  of  the  density  of  the  body,  it  depends 


9.  Statement-1 

The  uplift  of  the  wing  of  an  aircraft  moving 
horizontally  is  caused  by  a  pressure  difference 
between  the  upper  and  lower  faces  of  the  wing. 

Statement-2 

The  velocity  of  air  moving  along  the  upper  surface 
is  higher  than  that  along  the  lower  surface. 

10.  Statement-1 

The  stream  of  water  flowing  at  high  speed  from  a 
garden  hose  pipe  tends  to  spread  like  a  fountain 
when  held  vertically  up,  but  tends  to  narrow  down 
when  held  vertically  down. 

Statement-2 

In  any  steady  flow  of  an  incompressible  fluid,  the 
volume  flow  rate  of  the  fluid  remains  constant. 

|  IIT,  2005 

only  on  the  radius  and  speed  of  the  body  and  the 
viscosity  of  the  fluid  in  which  it  moves  ( F=6n  r)rv). 

6.  The  correct  choice  is  (b). 

7.  The  correct  choice  is  (c).  The  weight  of  the  body  is 
balanced  by  two  upward  forces,  namely  the  buoy¬ 
ant  force  and  viscous  force. 

8.  The  correct  choice  is  (c).  The  ball  drags  some  air 
with  it  while  spinning.  Therefore,  the  velocity 
of  air  at  the  lower  surface  increases.  According 
to  Bernoulli’s  theorem,  the  pressure  of  air  at  the 
upper  surface  becomes  less  than  the  atmospheric 
pressure  ( P0 )  whereas  the  air  pressure  at  the  lower 
surface  become  more  than  P0.  This  pressure 
difference  causes  a  dynamic  uplift  of  the  ball. 

9.  The  correct  choice  is  (a) 

10.  The  equation  of  continuity  of  streamline  flow  is  Av 
=  constant.  When  the  hose  pipe  is  held  vertically 
up,  the  speed  of  the  stream  decreases  with  height. 
Hence  the  area  of  cross-section  of  the  stream 
increases  resulting  it  to  spread  like  a  fountain. 


Integer  Answer  Type 


1.  A  liquid  is  kept  in  a  cylindrical  vessel  which  is 
rotating  about  its  axis.  The  liquid  rises  at  its  sides. 
If  the  radius  of  the  vessel  is  0.05  m  and  the  speed 
of  rotation  is  2  revolutions  per  second,  find  the  dif¬ 


ference  in  the  heights  (in  cm)  of  the  liquid  at  the 
centre  of  the  vessel  and  at  its  sides.  Take  it  =  10 
andg  =  10  ms~2. 

Hut,  1987 
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SOLUTION 

1.  According  to  Bernoulli’s  theorem 

1  2 

p  +  —  pv  =  constant 

When  the  cylindrical  vessel  is  rotated  at  angular 
velocity  00  about  its  axis,  the  velocity  of  the  liquid 
at  the  sides  is  the  maximum,  given  by 
vs  =  roo 

where  r  is  the  radius  of  the 
vessel.  Applying  Bernoulli’s 
theorem  at  the  sides  and  at  the 
centre  of  the  vessel,  we  have 
(Fig.  12.19) 

1  2  1  2 

Ps  +  2  P°s  =  Pc  +  2  Pvc  Fig.  12.19 

where  ps  =  pressure  at  the  sides,  pc  =  pressure  at  the 
centre  and  vc  =  velocity  of  the  liquid  at  the  centre. 


Now,  since  vc  =  0,  we  have 

Pc~Ps=  =  2  pr2(°2  (1) 

Since pc  is  greater  than ps,  the  liquid  rises  at  the  sides 
of  the  vessel.  Let  h  be  the  difference  in  the  levels  of 
the  liquid  at  the  sides  and  at  the  centre,  then 

Pc~  Ps=  PSh  (2) 

From  (1)  and  (2),  we  have 

,  1  2  2  ,  >pa>2 

pgh  =  —  pr  or  or  h  =  - 

2  2g 

Now  co  =  2mi,  where  n  is  the  number  of  revolutions 
per  second.  Thus 

,  47 TrV  4  X 10  x  (0.05)2  X  (2)2  „ 

2g  2x10 


r  ^ 
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Simple 

Harmonic 

Motion 

Chapter 

REVIEW  OF  BASIC  CONCEPTS 

13.1  ;  SIMPLE  HARMONIC  MOTION _ 

Simple  harmonic  motion  (SHM)  is  the  simplest  kind  of 
oscillatory  motion  in  which  a  body,  displaced  from  its 
stable  equilibrium  position,  oscillates  to  and  fro  about 
the  position  when  released.  If  the  displacement  (x)  from 
the  equilibrium  position  is  small,  the  restoring  force  (F) 
acting  on  the  body  is  given  by 

F  =  -  k  x 

where  A:  is  a  positive  constant,  known  as  the  force 
constant.  In  the  SI  system  k  is  expressed  in  newton 
per  metre  (N  m  !  ).  The  acceleration  (a)  of  the  body  is 
given  by 

F  k  2 

a  =  —  =  —  —  v  —  —  to  x 
m  in 

where  m  is  the  mass  of  the  body  and  co  = 

Thus  acceleration  (a)  =  —  constant  X  displacement  x. 
The  resulting  motion  is  called  simple  harmonic  motion. 
Thus,  a  simple  harmonic  motion  is  a  motion  in  which  the 
acceleration  (i)  is  proportional  to  the  displacement  from 
the  equilibrium  position  and  (ii)  is  directed  towards  the 
equilibrium  position. 


We  will  use  the  sine  function.  A  cosine  function  is 
equally  valid. 

(1)  Amplitude  The  amplitude  of  SHM  is  the  maxi¬ 
mum  (positive  or  negative)  value  of  the  displace¬ 
ment  from  the  equilibrium  position.  Quantity 
A  (which  is  the  coefficient  of  the  sine  or  cosine 
function)  is  the  amplitude  of  SHM. 

(2)  Time  period  The  smallest  time  interval  during 
which  the  motion  repeats  itself  is  called  time  period 
or  simply  period  of  SHM.  The  angular  frequency 
co  is  related  to  time  period  T  as 

2  n 

co  =  — 

T 

Frequency  V  of  SHM  is  the  number  of  complete 
oscillations  completed  in  1  second. 


Thus, 


or 


Since 


_  1  _oo 
V  T  In 


In 

co=  —  =2  nv 
T 


co=  J —  ,  we  have 
1  m 


j__j_  IT 

T  2  n  V  7M 


13.2  :  CHARACTERISTICS  OF  SHM 

_ I _ 

The  displacement  x  in  SHM  at  time  t  is  given  by 
x  =  A  sin  (co  t  +  (p) 

where  the  three  constants  A,  co  and  cj)  characterize  the 
SHM,  i.e.,  they  distinguish  one  SHM  from  another.  A 
SHM  can  also  be  described  by  a  cosine  function  as 
x  =  A  cos  (co  t  +  8) 


Angular  frequency  CO  is  the  coefficient  of  time  t  in 
the  sine  or  cosine  function. 

(3)  Phase  The  quantity  ( co  t  +  <p)  is  called  the  phase 
of  SHM  at  time  t:  it  describes  the  state  of  motion  at 
that  instant.  The  quantity  (j)  is  the  phase  at  time  t  =  0 
and  is  called  the  phase  constant  or  initial  phase  or 
epoch  of  the  SHM.  The  phase  constant  is  the  time- 
independent  term  in  the  cosine  or  sine  function. 
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13.3  j  VELOCITY  AND  ACCELERATION  IN  SHM 

The  velocity  V  or  the  particle  in  SHM  is  given  by 
V 

But  sin  (to  t+<t>) 

COS  (ft)  t  +  0) 

Hence  velocity  V 


The  acceleration  a  of  the  particle  in  SHM  is  given  by 


d2  x 


=  -  A  or  sin  (ft)  t  +  0)  =  -  or  x 

Notice  that,  when  the  displacement  is  maximum,  i.e., 
when  x  =  \A\,  the  velocity  is  zero  but  the  acceleration  is 
maximum  =  co  A |.  But  when  the  displacement  is  zero 
(x=  0),  the  velocity  is  maximum  =  \0)A\ and  the  acceleration 
is  zero. 


dx  / 

=  —  =  A  ft)  cos  (ft)  t  +  0) 
dt 


x 

A 

r  2  V'2 

1-^ 

V  A2; 


=  A  a> 


f  2  V/2 
v  A2  J 


=  00  (A2  -  x2)1/2 


13.4  1  ENERGY  IN  SHM 


At  any  instant  of  time  t,  the  kinetic  energy  of  the  oscillator 
is  given  by 

K.E.  =  —mV2  =  —mA2oo2  cos2  (cot  +  0) 

2  2 

At  any  displacement  x  from  the  equilibrium  position, 

K.E.  =  —moo2  (A2  —  x2) 

2 


because  cos  "(cot  +  0)=1  -  sin"  (cot  +  0)  =  1 - -  . 

A 

At  that  instant  t,  the  potential  energy  of  the  oscillator  is 
given  by 

P.E.  =  ^-Ax2=  ^  moo1  A2  sin2(ft)t  +  <j>) 


because  k  =  mco2  and  x  =  A  sin  (<yf  +  0).  In  terms  of 
displacement  x, 


=  ^  mH2ftr  [cos2  (ft>t  +  0)  + sin2  (ftW  +  0)] 


1  .22 
=  —  mA  0) 

2 

E  is  also  obtained  as  follows: 


E  =  K.E.  +  P.E. 

=  -  mor(A2-x2)  +  -  mofx2) 
2  2 

=  —  mA2ar 
2 


Thus,  although  the  kinetic  energy  and  potential  energy 
of  a  simple  harmonic  oscillator  both  change  with  time 
t  and  displacement  x,  the  total  energy  is  independent  of 
both  x  and  t  and  hence  remains  constant.  This  is  expected 
because  friction  has  been  neglected. 


NOTE 


(1)  Atthemeanposition,x=0,K.E. ismaximum=  —  mA2a? 

and  P.E.  =  0  2 

(2)  At  the  extreme  position,  x  =  ±A,  K.E.  =  0  and  P.E.  is 

maximum  =  —  mA2co2. 

2 

(3)  E  is  constant  =  —  mA2co2  for  all  values  ofx. 


Figure  13.1  shows  the  variation  K.E.,  P.E.  and  E  with  t  for 
the  case  0  =  0. 


—  mA2co2 
2  I  w 


>. 

E? 

o 

c 

LU 


Fig.  13.1 

The  energy  of  an  oscillator  may  decrease  with  time  not 
only  by  friction  (damping)  but  also  due  to  radiation.  The 
oscillating  body  imparts  periodic  motion  to  the  particles 
of  the  medium  in  which  it  oscillates,  thus  producing 
waves.  For  example,  a  tuning  fork  or  a  string  produces 
sound  waves  in  the  medium  which  results  in  a  decrease 
in  energy. 


P.E.  =  —  kx2  =  —mofx2 
2  2 

Total  energy  of  the  oscillator  is 
E  =  K.E.  +  P.E. 


EXAMPLE  13.1 


The  displacement  x  of  a  body  varies  with  time  t  as 
x  =  a  sin  ( ct )  +  b  cos  ( ct ) 
where  a,  b  and  c  are  constants. 


Simple  Harmonic  Motion  13.3 


(a)  Show  that  the  motion  of  the  body  is  simple  har¬ 
monic. 

(b)  Find  the  amplitude  A,  time  period  T  and  phase 
constant  0  of  the  motion  in  terms  a,  b  and  c. 


SOLUTION 


1(a)  Given  v  =  a  sin  ( ct )  +  b  cos  ( ct )  (i) 

Differentiating  (i)  w.r.t.  time  t,  we  get  velocity 

dx 

V  =  —  =  ac  cos  (ct)  -  be  sin  (ct) 
dt 

The  acceleration  is  given  by 

a  =  (^—  =  —  [accos(cf)  -  bcsin(cf)] 
dt  dt 

=  -  c2  [a  sin  (ct)  +  b  cos  (ct)) 

=>  a  =  -c2x  [use  Eq.  (i)] 


Since  a  »=  (- x),  the  motion  is  simple  hannonic. 
(b)  Since  the  motion  is  simple  harmonic; 
x  =  A  sin  (cot  +  0) 

=  A  [sin  (cot)  cos  < p  +  cos(c«0  sin  0] 
x  =  (A  cos  0)  sin(cut)  +  (A  sin  0)  cos  (cot)  (ii) 
Comparing  (i)  and  (ii),  we  get 
A  cos  0  =  a  (iii) 

A  sin  0  =  b  (iv) 

,  2k  2k 

and  co  =  c  =>  —  =  c  =>  T  =  — 

T  c 

Squaring  and  adding  (iii)  and  (iv),  we  get 
A  =  yja2  +b2 

Dividing  (iv)  by  (iii)  we  get 
,  b 

tan  0  =  —  =>  0  =  tan 
a 


EXAMPLE  13.2 


■  Which  of  the  following  functions  of  time  represent 
(a)  simple  harmonic,  (b)  periodic  but  not  simple  har¬ 
monic,  and  (c)  nonperiodic  motion?  Find  the  period 
for  each  periodic  motion.  Here  k  is  a  positive  real 
constant. 

(i)  sin  kt  +  cos  kt,  (ii)  sin  nt  +  2cos  2?zt  +  3  sin  3 izt. 


(iii)  cos  ^2 kt  +  y  j,  (iv)cos  kt  +  2  sin2 Art,  (v)  e 


'and 


(vi)  log  kt. 


SOLUTION 


or  V2  cos  \  kt-  — 
4 


(i)  sin  kt  +  cos  kt  represents  simple  harmonic  mo¬ 
tion  since  we  can  write  it  as  V2  sin  f  kt  +  — 

\  4 

.  The  coefficient  of  t  in  the 
2  n 

argument  of  the  sine  or  cosine  function  =  — , 

2n  2k 

where  T  is  the  period.  Hence  k  =  —  or  T  =  — , 

T  k 

2k 

i.e.  the  period  of  the  function  is  — . 

(ii)  Eachtenn  in  (svcmt  +  2cos  2izt  +  3 sin  3 Kt)  repre¬ 
sents  SHM. 


The  period  T  of  the  term  sin7tf  is  given  by 
2k 

k  =  —  or  T  =  2s.  The  period  of  the  term 

2  cos  2Kt  is  1  s,  i.e.  772  and  the  period  of  the  term 

3  sin  2>Kt  is  2/3  s,  i.e.  773.  The  sum  of  the  three 
terms,  however,  does  not  represent  SHM;  it  rep¬ 
resents  a  periodic  motion.  By  the  time  the  first 
term  completes  one  cycle,  the  second  term  com¬ 
pletes  two  cycles  and  the  third  term  completes 
three  cycles.  This  shows  that  the  sum  represents 
a  periodic  motion  with  period  T  =  2s. 


(iii) 


■  .  K 

cos  2 kt  H — 

3 


represents  an  SHM  whose  period 


T  is  given  by 


or 


T  = 


K 

k 


(iv)  cos  kt  +  2  sin 2kt  =  cos  kt  +  (1  —  cos2 kt)  = 
1  +  cos  kt  -  cos  2 kt.  The  period  of  cos  kt  is 

2k  k  T 

T  =  —  and  that  of  cos  2 kt  is  —  =  —  .  These 
k  k  2 

2k 

two  terms  together  have  a  period  T  =  — 

k 

as  explained  in  (ii).  The  other  term  1  is  a 


constant  independent  of  t  and  hence  does  not 
affect  the  period  of  the  sum.  Hence  (cos kt  + 
2sin 2kt)  represents  a  periodic  motion  with  period 


(v)  e~kl  decreases  monotonically  to  zero  as  t  — »  It 

is  an  exponential  function  with  a  negative  expo¬ 
nent  of  e,  where  e  =  2.71828.  It  is  non-periodic. 
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(vi)  Function  log  ( kt )  increases  monotonically  with 
time.  Therefore,  it  never  repeats  itself  and  is  a 
non-periodic  function. 


EXAMPLE  13.3 


I  An  oscillator  has  a  time  period  T  =  4s.  If  it  is  oscil¬ 
lating  harmonically,  find  the  time  period  of  its  kinetic 
energy. 


SOLUTION 


The  kinetic  energy  of  a  simple  harmonic  oscillator 
varies  with  time  as  sin2(mt),  where  co  =  -jr . 

,  1  1 

Now  sin  (cot)  =  —  (1  -  cos  2 cot)  =  —  (1  -  cos  co' t), 

,  ,  „  2n  „  2k  T 

where  co  =  2®  =>  —  =  2x  —  =>  T  =  —  . 

r  T  2 

T 

Hence  K.E.  varies  periodically  with  period  —  =  2  s. 


NOTE 


The  P.E.  also  varies  periodically  with  period  —  . 


EXAMPLE  13.4 


IAbody  oscillates  harmonically  with  amplitude  0.05  m. 
At  a  certain  instant  of  time  its  displacement  is  +0.0 1  m 
and  acceleration  is  —1.0  ms~2.  Find  (a)  the  velocity 
of  the  oscillator  at  this  instant  and  (b)  the  maximum 
velocity. 


SOLUTION 


■  a  =  -  o?  x  =>  -1.0  =  -ffifx  0.01  =>  co  =  10  rad  s  1 
Velocity  when  displacement  x  =  0.01  m  is 
V  =  co  (A2  -  *2)1/2 
=  10  x  [(0.05)2  -  (0.0 1)2] 1/2 
=  0.49  ms-1 

Umax  =  Aco  =  0.05  x  10  =  0.5  ms-1 


EXAMPLE  13.5 


■  The  displacement  x  (in  centimetres)  of  an  oscillating 
particle  varies  with  time  t  (in  seconds)  according  to 
the  equation 


x  =  2  cos 


0.5  nt  +  — 
3 


Find 

(a)  the  amplitude  of  oscillation 

(b)  the  time  period  of  oscillation 

(c)  the  maximum  velocity  of  the  particle 

(d)  the  maximum  acceleration  of  the  particle. 


SOLUTION 


The  displacement  of  the  particle  is  given  by 
x  =  2  cos  Q.5nt  +  —  cm 

l  3  J 

To  find  the  amplitude  and  time  period  of  the  oscilla¬ 
tion,  we  compare  this  equation  with 
x  =  A  cos  (cot  +  8) 

(a)  Amplitude  A  =  2  cm 

(b)  Angular  frequency  CO=  0.5 7T  rad  s~’ 

2  n 


T  2k 

or  T  =  —  = 

co  0.5  n 


=  4s 


(c)  Maximum  velocity  Vmax  =  \Aco\ 


=  2  x  0.5 n  =  n  cm  s 


=  3.14  cm  s 


i 


(d)  Maximum  acceleration  amax  =  |  -  co"  A 

=  a} A 


=  (0.5 7r)2  x  2 

K2  -2 

=  —  cm  s 
2 

=  4.935  cm  s~2 


EXAMPLE  13.6 


I  A  particle  executes  SHM  of  amplitude  25  cm  and 
time  period  3  s.  What  is  the  minimum  time  required 
for  the  particle  to  move  between  two  points  located  at 
12.5  cm  on  either  side  of  the  mean  position? 


SOLUTION 


■  Let  A  and  B  be  the  two  extreme  positions  of  the  par¬ 
ticle  with  O  as  the  mean  position.  Displacements  to 
the  right  of  O  are  taken  as  positive  while  those  to  the 
left  of  O  are  taken  as  negative  (Fig.  13.2) 

-25  cm  -12.5  cm  Zero  +  12.5  cm  +  25  cm 

AD  O  C  B 

Fig.  13.2 


Let  the  displacement  of  the  particle  in  SHM  be  given 
by 

x(t)  =  A  sin  ( cot  +  0)  (i) 

2k  2  k  _ t 

where  A  =  25  cm  and  co  =  —  =  —  rad  s 

T  3 

Let  us  suppose  that  at  time  t  =  0,  the  particle  is  at 
extreme  position  B.  Setting  x  =  A  at  t  =  0  in  Eq.  (i) 
we  have 
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A  =A  sin  0 
giving  </>  =  nil. 

Putting  (f>  =  nil  in  Eq.  (i),  we  get 

x{t)  =A  cos  cot  (ii) 


Now  let  us  say  that  the  particle  reaches  point  C  at 
t  =  tx  and  point  D  at  t  =  t2.  At  C,  the  displacement 
x  (tj)  =  +  12.5  cm  and  at  D,  it  isx(i2)  =  -  12.5  cm  (see 
Fig.  10.2).  So  from  (ii)  we  have 
+  12.5  =  25  coscot ^ 
and  -  12.5  =  25  cos cot2 
or  cos  cotl  =  +  0.5  or  cot l  =  nil 

In 

and  cos  cot2  =  -  0.5  or  cot2  =  — 


Hence 


co(t2  -  ?,) 


t2  -  t1 


In  n 
3 

=  T_ 
3  co  6 


or 


(h  ~  h) 


min 


3 

6 


=  0.5  s 


n 

i 


Notice  that  cos  cot2  =  —  0.5  even  for  t2  =  — .  This 

value  of  t2  does  not  correspond  to  the  minimum  time 
because  this  is  the  time  at  which  the  particle,  moving 
to  left,  reaches  A  and  then  returns  to  D. 


EXAMPLE  13.7 


I  A  particle  is  executing  linear  simple  harmonic  motion 
of  amplitude  A.  At  what  displacement  is  the  energy 
half  kinetic  and  half  potential? 


SOLUTION 


■  The  energy  will  be  half  kinetic  and  half  potential  at  a 
value  of  displacement  x  when  K.E.  =  P.E.,  i.e. 

,  , 

1  9  9  9  I  9  9 

-  mor  (A  -  x  )  =  -  mar  x 

1  2 


A2  -  x2  =  x2 


SOLUTION 


■  The  block  will  not  be  detatched  from  the  platform, 
if  the  frequency  of  platform's  SHM  is  such  that  the 
maximum  acceleration  of  the  platform  equals  the  ac¬ 
celeration  due  to  gravity,  i.e. 

A  <^max  =  g 


®max  _  ^  ' 


In  2x3.14 


=  0.5  Hz. 


EXAMPLE  13.9 


I  A  body  of  mass  m  is  attached  by  a  string  to  a  suspend¬ 
ed  spring  of  spring  constant  k.  Both  the  string  and  the 
spring  have  negligible  mass.  The  body  is  pulled  down 
a  distance  A  and  released.  Assuming  that  the  string 
remains  taut  throughout  the  motion,  find 
(a)  the  maximum  downward  acceleration  of  the  os¬ 
cillating  body  and 

(b)  the  maximum  amplitude  for  which  the  string  re¬ 
mains  taut. 


SOLUTION 


1(a)  As  long  as  the  string  remains  taut,  the  restoring 
force  will  be  proportional  to  displacement  from 
the  mean  position.  The  motion  of  the  body  is 
simple  harmonic  whose  amplitude  is  A  and  an¬ 
gular  frequency  is 


The  maximum  acceleration  is  OTA 


kA 

777 


(b)  If  the  tension  in  the  string  is  T,  the  downward 
acceleration  is 


T 

a  =g - 

777 


X  = 


A 

V2 


EXAMPLE  13.8 


I  A  horizontal  platform  is  executing  SHM  in  the  verti¬ 
cal  direction  with  an  amplitude  of  1.0  m.  A  block 
of  mass  5  kg  is  placed  on  the  platform.  What  is  the 
maximum  frequency  of  platfonn’s  SHM  so  that  the 
block  is  not  detatched  from  the  platform? 


For  the  string  to  remain  taut  T  >  0.  Therefore, 
the  maximum  downward  acceleration  cannot 
exceed  g,  i.e. 

^max  —  S 

trr  A  max  =g 


A  = 

max  9 

CO 


mg_ 

k 
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EXAMPLE  13.10 


At  time  t=  0,  the  displacement  of  a  simple  harmonic 
oscillator  from  the  mean  position  is  x0  and  the  veloc¬ 
ity  is  v0.  Obtain  the  expressions  for  the  amplitude  and 
phase  constant  of  the  oscillator  in  terms  of  x0,  v0  and 
co  where  CO  is  the  angular  frequency  of  the  oscillator. 


SOLUTION 


For  a  simple  harmonic  oscillator 
x  =  A  sin  ( cot  +  <f>) 


(i) 


and 


dx 


v  =  —  =  Aco  cos  ( cot  +  (/>)  (ii) 
dt 

Putting  t  =  0  and  x  =  x0  and  v  =  v0  in  (i)  and  (ii),  we 
have 


x0  =  A  sin0 

and  v0  =  Aco  cos0 

From  (iii)  and  (iv),  we  get 


(iii) 

(iv) 


A  = 


f  v2  V/2 
.2  .  V0 


CO" 


and 


©xn 

tan0  =  - 


cj)  =  tan 


-l 


NOTE 


^  cox0  ^ 
V  »o  J 


n 


If  at  t  =  0,  x  =  x0  and  v0  =  0,  then  A=x0  and  <j)  =  —  .  On 

^  vo 

the  other  hand,  if  at  t  =  0,  x  =  0  and  v  =  v0  then  A=  — 
and  d)=  0  m 
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EXPRESSIONS  FOR  TIME  PERIOD  OF 
MASS-SPRING  SYSTEM 


( 1 )  Horizontal  Oscillations  of  a  Mass-Spring  System 

Consider  a  block  of  mass  m  placed  one  horizontal 
frictionless  surface  and  attached  to  a  spring  of  negligible 
mass  and  spring  constant  k  as  shown  in  Fig.  13.3. 


Relaxed 


The  block  is  pulled  to  the  right  by  a  small  distance  x  from 
the  equilibrium  position  and  released.  The  restoring  force 
on  the  block  is  F  =  —  kx.  The  acceleration  of  the  block  is 


(i) 


Since  a  °=  (-x),  the  motion  of  the  block  is  simple  harmonic. 
Comparing  Eq.  (i)  with  a  —  -  OTx,  we  get 


ft)2  = 


k 

m 


Time  period  T  =  —  =2  n 
co 

(2)  Vertical  Oscillations  of  a  Mass-spring  System 
Consider  a  massless  spring  suspended  from  a  support. 
[Fig.  13.4  (a)].  A  block  of  mass  m  is  attached  at  the  lower 
end,  as  a  result,  the  string  extends  by  an  amount  d  given 
by  [Fig.  13.4  (b)]. 

F  =  kd  =>  mg  =  kd  (i) 

This  is  the  equilibrium  state  of  the  system. 


When  the  body  is  pulled  through  a  distance  y  from  this 
position  and  released  [Fig.  10.4  (c)],  the  restoring  force  is 
F  =  —  ky  and  the  acceleration  of  the  block  is 


Flence  the  motion  is  simple  hannonic  whose  time  period  is 


T  = 


(ii) 


Equation  (i)  determines  k.  Time  period  given  by  Eq.  (ii)  is 
the  same  as  for  horizontal  oscillation.  It  depends  only  on 
m  and  k  and  is  independent  of  gravity. 
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(3)  Parallel  Combination  of  Springs 

Figure  13.5  shows  the  equilibrium 
state  of  a  block  connected  to 
two  springs  which  are  joined  in 
parallel.  If  the  block  is  pulled 
down  through  a  distance  x,  the 
extension  produced  in  each  spring 
will  be  x.  The  restoring  forces  in 
the  springs  are  Fx  =  -  kx  x  and 


f2  = 


k-,  x. 


Total  restoring  force  F  =  Fx  +  F2  =  -  (kx  +  k2)x  =  -  ( kp )  x 
where  kp  =  kx  +  k2  is  the  effective  force  constant  of  the 
parallel  combination.  The  time  period  is  given  by 


{kx  +k2) 


(4)  Series  Combination  of  Springs 
Figure  13.6  shows  the  equilibrium  state  of  F////f////z. 
a  block  connected  to  two  springs  which  are 
joined  in  series.  The  block  is  pulled  down  by 
a  distance  x.  Let  xx  and  x2  be  the  extensions 
produced  in  the  springs.  The  restoring  force 
in  each  spring  will  be  the  same  equal  to 
F  =  -  kxx  i  =  -  k2x2 


so  that 

Total  extension 


xx  =  —  —  and  x2  =  —  — 


X  =  X;  +  x2 


=  -  F 


Fig.  13.6 


=  -  F 


1  1 

- 1 - 

V*1  k2J 

' k,+k2 ' 

K  Kk2  J 


or 


F  = 


k,k 


l/v2 


x  =  —  k„  x 


,  i  kf2 
where  k .  = 


\kl  +  k2J 
is  the  effective  force  constant  of  the 


k\  k2 

series  combination.  The  time  period  is 


T  =  2  it.  —  =2  n 

Ik, 


m(kx  +  kf) 


k\k2 


(5)  A  Block  Connected  between  Two  Springs 

Figure  13.7  shows  the  equilibrium  state  of  a  block 

connected  between  two  springs 


Fig.  13.7 


If  the  block  is  displaced  through  a  distance  x,  say  to 
the  right,  the  spring  kx  is  extended  by  x  and  spring  k2  is 
compressed  by  x  so  that  the  restoring  force  exerted  by 
each  spring  on  the  block  is  in  the  same  direction  (along 
the  left).  If  Fx  and  F2  are  the  restoring  forces,  Fx  =  —  kxx 
and  F2  =  k2  x,  the  total  restoring  force  is 
F  =  —  (kx  +  k-,)x  =  —  kx 


where  k  =  (kx  +  k2)  is  the  effective  force  constant  of  the 
system.  The  time  period  is 


T  = 


EXAMPLE  13.11 


If  a  spring  of  force  constant  k  is  cut  into  two  equal 
halves,  what  is  the  force  constant  of  each  half. 


SOLUTION 


If  a  force  F  produces  an  extension  x  in  the  spring, 
then 

F  =  kx  (i) 

Since  the  extension  produced  by  a  force  is  propor¬ 
tional  to  the  length  of  the  spring,  if  a  spring  is  cut  into 
two  equal  halves,  the  same  force  F  will  produce  an 
extension  x'  =  x/2  in  half  the  spring.  If  k'  is  the  force 
constant  of  half  the  spring. 


From  Eqs.  (i)  and  (ii),  we  get  k'  =  2k. 


EXAMPLE  13.12 


Two  blocks,  each  of  mass  m,  are  connected  by  a 
spring  of  force  constant  k  and  placed  on  a  horizontal 
frictionless  surface  as  shown  in  Fig.  13.8.  Equal  force 
Fis  applied  to  each  block  as  shown.  Find  time  period 
of  the  system  when  the  force  is  removed. 


Fig.  13.8 


When  a  force  F  is  applied  at  each  end  of  a  spring, 
every  coil  of  the  spring  is  not  elongated.  The  coil 
at  point  O  in  the  middle  of  the  spring  is  not  elon¬ 
gated.  This  situation  is  the  same  as  two  springs  each 
of  length  U2  (where  /  is  the  length  of  the  complete 
spring)  joined  to  each  other  at  point  O.  If  A:  is  the  force 
constant  of  the  complete  spring,  the  force  constant  of 
each  half  =  2k.  Hence 


13.8  Comprehensive  Physics — JEE  Advanced 


T  = 


EXAMPLE  13.13 


I  A  spring  has  a  natural  length  of  50  cm  and  a  force 
constant  of  2.0  x  103  Nm  '.  A  body  of  mass  10  kg  is 
suspended  from  the  spring,  (i)  What  is  the  stretched 
length  of  the  spring?  (ii)  If  the  body  is  pulled  down 
further  stretching  the  spring  to  a  length  of  5  8  cm,  and 
then  released,  what  is  the  frequency  and  amplitude  of 
oscillation.  Neglect  the  mass  of  the  spring. 


SOLUTION 


■  Natural  length  of  the  spring  =  50  cm  =  0.50  m 

k  =  2.0  x  103  N  m  ',  m  =  10  kg 

(i)  The  extension  produced  in  the  spring  is 
mg  _  10x9.8 
V  k  2.0  xlO3 
=  0.049  m  =  4.9  cm 


.'.  Stretched  length  of  the  spring  =  0.50  +  0.049 
=  0.549  m  =  54.9  cm 

(ii)  The  frequency  of  oscillation  is  given  by 


v  = 


2  k  \  m 


1  2.0  xlO3 

=  —  xA - 

2k  V  10 

=  2.25  Hz 


The  length  of  the  spring  in  the  equilibrium  posi¬ 
tion  =  54.9  cm.  If  it  is  pulled  to  a  length  of  58 
cm,  the  maximum  displacement  from  the  equi¬ 
librium  position  =  58  -  54.9  =  3.1  cm,  which  is 
the  amplitude  of  oscillation. 


EXAMPLE  13.14 


I  A  small  trolley  of  mass  2.0  kg  resting  on  a  horizontal 
frictionless  turntable  is  connected  by  a  light  spring 
to  the  centre  of  the  table.  The  relaxed  length  of  the 
spring  is  35  cm.  When  the  turntable  is  rotated  at  a 
speed  of  300  rev/min,  the  length  of  the  spring  be¬ 
comes  40  cm.  Find  the  force  constant  of  the  spring. 


SOLUTION 


Mass  of  trolley  (m)  =  2.0  kg 

Frequency  of  rotation  (v)  =  300  rev.  min1  =  = 

5  rev.  s-1  60 

.'.  Angular  frequency  ( CO)  =  2ttv  =  2k X  5  =  1  0k rad  s~! 


The  radius  of  the  circle  along  which  the  trolley  moves 
is 

r  =  40  cm  =  0.4  m 

When  the  table  is  rotated,  the  tension  in  the  spring  is 
equal  to  the  centripetal  force,  i.e. 


r 

=  2.0  x  0.4  x  (10 k)2  =  790  N 
Now,  extension  produced  in  the  spring  by  this  force 
=  40-35 
=  5  cm  =  0.05  m 


„  .  force  790N 

.'.  Force  constant  ot  spring  =  - = - 

extension  0.05  m 

=  1.58  x  104  NnT1 
-  1.6  x  104  NnT1 


EXAMPLE  13.15 


I  A  tray  of  mass  M=  12  kg  is  supported  on  two  identi¬ 
cal  springs  as  shown  in  Fig.  13.9.  When  the  tray  is 
depressed  a  little  and  released,  it  executes  an  SHM 
of  period  1.5s.  (a)  Find  the  force  constant  of  each 
spring,  (b)  When  a  block  of  mass  m  is  placed  on  the 
tray,  the  period  of  the  SHM  becomes  3.0s.  Find  the 
value  of  m. 


Tray 


SOLUTION 


(a)  The  time  period  of  oscillation  of  Mis  given  by 


T 


where  k  is  the  force  constant  of  each  spring. 
Therefore 

,  2k1  M  2  x  (3.142)2  x  12 

k  =  - —  =  - y - 

T2  (1.5)2 

=  105.3  N  m1 
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(b)  The  new  period  Tx  is  now  given  by 


2  n 


M  +  m 
2k 


so  that  m  +  M  =  — - 
2  n2 


or 

or 


m  +  12  = 
m  = 


(3)2  x  105.3 
2  x  (3.142)2 
36  kg 


48 


vertical  oscillations.  Let  L,  A  and  p  be  respectively,  the 
length  of  the  liquid  column,  area  of  cross-section  of  the 
tube  and  density  of  the  liquid.  We  shall  neglect  viscous 
effects.  Since  the  right-hand  side  column  is  higher  by  2 y, 
with  respect  to  the  column  on  the  left-hand  side,  the  mass 
of  this  column  of  liquid  is  m  =  2/1  py.  The  restoring  force 
(which  is  a  gravitational  force)  is  given  by 

F  =  -  mg  =  —  2Apgy  =  -  Ky 

where  the  force  constant  K=  2Apg.  The  angular  frequency 
of  the  hannonic  oscillation  is 


13.6 


EXPRESSIONS  FOR  TIME  PERIOD  OF 
SOME  OTHER  SYSTEMS 


(1)  A  Ball  Oscillating  in  a  Concave  Mirror 


A  small  spherical  steel 
ball  is  placed  a  little 
away  from  the  centre  of 
a  concave  mirror  whose 
radius  of  curvature  is  R. 

When  the  ball  is  released, 
it  begins  to  oscillate  about 
the  centre. 

Place  a  small  steel  ball  at 
A,  a  little  away  from  the 
centre  O  of  a  concave 
mirror  of  radius  of  curvature  R  (=  OC  =  AC)  as  shown  in 
Fig.  13.10.  Let  ZACO  =  9.  If  m  is  the  mass  of  the  ball, 
its  weight  mg  acts  vertically  downwards  at  A.  This  force 
is  resolved  into  two  rectangular  components:  mg  cos  9 
(which  is  balanced  by  the  reaction  of  the  mirror)  and  mg 
sin  9  (which  provides  the  restoring  force  F).  Thus 
F  =  —  mg  sin  9 


C 


=  -  mg  9 

(since  9  is  small,  R  being  very  large) 


mg  x 

R 

(.’.  x  =  R9\  x  being  the  arc  OA ) 

=  -  Kx 

where  force  constant  K  =  mg/R.  Thus  the  motion  is 
harmonic  and  the  angular  frequency  is  given  by 


(2)  Oscillation  of  a  Liquid  in  a  U-tube 

The  column  of  the  liquid  is  displaced  through  y  by  gently 

blowing  into  the  tube  (Fig.  13.11).  The  columns  exhibit 


co  = 


where  M=  pAL  is  the  total  mass  of  the  liquid  in  oscillation. 
Thus 


Static  equilibrium  Displaced  column 


Fig.  13.11  Oscillations  of  a  liquid  column 
The  time  period  of  oscillation  is 

r t 

T  =  2nd— 

\2g 

It  is  interesting  to  note  that  the  period  of  oscillation  does 
not  depend  on  the  density  of  the  liquid  or  the  area  of  cross- 
section  of  the  tube. 

(3)  Oscillation  of  Floating  Vertical  Cylindrical  Body 

A  cylindrical  piece  of  cork  of 
height  h  and  density  pc  floats  in 
a  liquid  of  density  p,.  The  cork  is 
depressed  slightly  and  released. 

Let  A  be  the  cross-sectional 
area  of  the  cork  and  M  its  mass. 

Fig.  13.12  (a)  shows  the  static 
equilibrium,  the  weight  of  the 
cork  being  balanced  by  the 
weight  of  the  liquid  it  displaces. 

Ifthecorkisdepressedthrough 
a  distance  x,  as  shown  in  Fig.  13.12  (b),  the  buoyant  force 
on  it  increases  by  p,Agx,  because  ptAx  is  the  mass  of  the 
liquid  displaced  by  dipping,  g  being  the  acceleration  due 
to  gravity.  If  viscous  effects  are  neglected,  the  restoring 
force  on  the  cork  is  given  by 


Fig.  13.12 
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F  =  -  pi  Agx  =  -  Kx 

where  K  =  p/Ag.  Since  -  x,  the  motion  of  the  cork  is 
simple  harmonic.  The  time  period  of  the  motion  is 

^  „  [m 

T=  2nd— 

V  K 


where  Mis  the  mass  of  the  cork  =  Ahpc.  Hence 

=  In. 


T=  2n 


Ahpc, 


PiAS 


h£c 

gPi 


(4)  A  Simple  Pendulum 

A  simple  pendulum  consists  of  a  massless  inextensible 
string  fixed  at  one  end  O 
and  having  a  small  bob  at 
the  other  end  (Fig.  13.13). 

When  the  bob  is  displaced 
from  equilibrium  position 
d  to  a  position  B  and 
released,  the  component 
mg  cos 6  of  its  weight 
balances  with  tension 
T  and  it  returns  under  a 
restoring  force 

F  =  —  mg  sin0 

If  6  is  small,  sin  6—9.  Also  9=  — 

L 


F=  -MMx 


m_g 

L 


F  g  | 
Acceleration  a  =  —  =  —  —  \x  . 


Time  period  T  =  2  n^ — 


NOTE 


T  is  independent  of  the  mass  of  the  bob. 

(5)  A  Compound  Pendulum 

A  compound  pendulum 
is  a  rigid  body  capable  of 
oscillating  about  an  axis.  The 
pendulum  consists  of  a  rod  of 
mass  M  and  length  L  which  is 
pivoted  at  O  and  carries  a  bob 
of  mass  m  at  the  other  end  as 
shown  in  Fig.  13.14.  The  rod 
is  displaced  and  released. 


restoring  torque 

T  =  —  mgL  sin0  = 


mgL9  (for  small  9) 


If  /  is  the  moment  of  inertia  of  the  system  about  the  axis 
passing  through  O  and  perpendicular  to  the  plane  of  the 
rod,  the  angular  acceleration  is 

""  mgL ' 


T 

a  = 

I 


I 


9 


since  a  —  9,  the  motion  is  simple  harmonic  whose 

2 

angular  frequency  is  (compare  with  a  =  -  of  9)  given  by 


OX  = 

mgL 

I 

Thus 

T  = 

H 

where 

/  = 

ML 2 
3 

Thus 

T  = 

2  nl- 

(0  = 


mgL 


mgL 


+  mL 1  =  -  (M+  2m)Ll 


(M  +  3  m)L 
3  mg 

If  M  «  m,  T  =  2 n  —  ,  the  same  as  that  of  a  simple 
pendulum.  '  & 

(6)  Horizontal  Oscillations  of  a  Cylinder-Spring  System 

A  solid  cylinder  of  mass  M 
and  radius  R  is  connected  to 
a  spring  of  force  constant  k  as 
shown  in  Fig.  13.15. 

Case  (a):  Cylinder  slips  without 
rolling. 

The  total  energy  of  the  system 
is  translational  K.E.  +  P.E.  If 

x  is  the  instantaneous  displacement  and  v  the  velocity  of 
the  cylinder,  the  total  energy  is 


1  ,  1  7 

E  =  —  Mv~  +  —  kx 2 
2  2 


(i) 


dE 


If  friction  is  neglected,  E  =  constant.  Hence  —  =  0. 

dt 

dE 

Differentiating  (i)  w.r.t.  time  t  and  setting  —  =  0,  we 
get  d< 

0  -  M,A  +faA 

dt  dt 

dv  dx 

=>  0  =  Mva  +  kxv  (y  a  =  — ,  v  = — ) 


dt 


dt 


a  =  — 


k 

M 


_  M 

T  =  2  n.  — 

V  k 
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Case  (b):  Cylinder  rolls  without  slipping 
In  this  case,  the  total  energy  of  the  system  is 

E  =  -  Mv2  +  -lor  +  -  kx2 
2  2  2 

=  - mv 2  (i+— y+  ~kx2 

2  V  MR2)  2 


Setting 


dE 

dt 


=  0,  we  get 


0  =  Mv  — 
dt 


+  kx 


dx 

dt 


0  =  Mva 


+  kxv 


1  2 

This  the  general  formula.  For  a  solid  cylinder,  /  =  —  MR 
and  then  we  get  ^ 


T  = 


(7)  Vertical  Oscillations  Mass-spring  System  Connected 
by  a  Pulley 

The  block  is  pulled  out  through  a  small  distance  x  and 
released.  If  M  is  the  mass  of  the  pulley  and  R  its  radius, 
the  total  energy  of  the  system  is  [Fig.  13.16] 

//////////////// 


Fig.  13.16 


where 


E  =  -  mv 2  +  -lor  +  -  kx 2 
2  2  2 


I  =  —  MR2  and  <y  =  — .  Thus 
2  R 


E  =  —  m  H —  M  \v2  +  —  kx 


dE 


Setting  —  =  0,  we  have 
dt 


M 


d  v 


dx 


0  =  m  H - v  —  +  kx  — 


,  .  dv 

Acceleration  a  =  —  = 
dt 


dt 

kx 


.  M 
(m  +  —) 


=  -or  x 


a>  = 


m  + 


M 


dt 


v  =  ■ 


dx 

dt 


T  =  2n 


M 

m  -\ - 

2 


If  the  pulley  has  a  mass  M«  m,  then 


T=  2nd— 
I  m 


(8)  A  Block  Attached  to  Three  Springs 
A  block  of  mass  m  is  connected  to  three  identical  springs 
as  shown  in  Fig.  13.17.  The  block  is  pushed  towards 
spring  1  through  a  small  distance  so  that  spring  1  is 
compressed  by  x  and  springs  2  and  3  are  extended  by  x2  =x3 
=  x  cos  45°  =  x/a/2  .  When  the  block  is  released,  the 
restoring  force  acting  on  it  is 

F  =  -(Fi+F2+F3) 


The  magnitude  of  F  along  the  vertical  direction  is 

F  =  -  (Fi  +  F2  cos  45°  +  F3  cos  45°) 


=  —  |  kx  +  Axt  X  +  kx-,  X  — 

V2  V2 


i  ,  kx  kx 

—  —  kx  H - 1 - 

2  2 


=  —  2  kx 
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Acceleration  a  =  —  =  —  —  x  =  —  ctrx.  Hence 


m  „  m 
T  =  2  %.  — 
V2  k 


;  IMPORTANT  TIPS  AND  ADDITIONAL 
13  7  I  FORMULAE 

_ I _ 

(i)  Mass  m  suspended  from  a  spring  of  force  constant  k 

_  I  wi 

2nn 

(ii)  If  a  spring  of  spring  constant  k  is  cut  into  n  equal  parts, 
the  spring  constant  of  each  part  becomes  n  k.  If  each 
part  is  loaded  with  a  mass  m ,  the  time  period  of  each 
will  be 

T  =  2  n.\ — 

V  nk 

(iii)  If  two  springs  of  spring  constants  kx  and  k2  are  con¬ 
nected  in  parallel,  the  spring  constant  of  the  combina¬ 
tion  is  k  =  kl  +  k2.  If  the  combination  is  loaded  with 
mass  m,  then 


T=  2n 


{kx+k2) 


(iv)  If  two  springs  of  spring  constants  ki  and  k2  are  con¬ 
nected  in  series,  the  spring  constant  of  the  combination 
is  given  by 

i  _  !  i 


(viii)  A  pole  of  mass  Mand  area  of  cross-section  A  floating 
in  a  liquid  of  density  p 


T=  2n 


(ix)  LC  circuit  consisting  of  inductance  L  and  capacitance 

C 

T=  2n4LC 

(x)  Simple  pendulum  immersed  in  a  liquid 

T  =  2n\—  where  g'  =  g  1  -  — 
\g  V  PJ 

0=  density  of  liquid,  p  =  density  of  bob. 

(xi)  Simple  pendulum  in  a  lift  moving  up  with  acceleration  a 


T=  2n  — — 

Ug  +  a) 

If  the  lift  is  moving  down  with  acceleration  a  (<  g) 


T=  2n. 


(g~a) 


If  the  lift  is  falling  freely  a  =  g  and  T  =  °°,  frequency 
V=  0. 

(xii)  Simple  pendulum  in  a  trolley  moving  with  acceleration 
a  in  horizontal  direction. 


T  =  2n where  g  =  ^Jg  +  a~ 

(xiii)  Simple  pendulum  in  a  trolley  moving  down  an  inclined 
plane  of  inclination  d 


in  which  case 

r=  \™{kx+k2)Y2 
L  (*i*2)  _ 

(v)  If  two  masses  mx  and  m2  and  connected  to  the  ends  of  a 
spring  of  force  constant  k,  the  time  period  of  the  oscil¬ 
lations  of  the  system  is 

T=  2  ttM 


where  p  z 


{mx+m2) 

(vi)  Simple  pendulum  of  length  / 


is  the  reduced  mass. 


T=2^l 

(vii)  Liquid  column  of  length  L  in  a  U-tube 


T=  2  ttJ— 

\2  g 


T=  2n  \ - 

V  gsm0 

(xiv)  For  a  seconds  pendulum  T=  2s.  Hence  1  =  99  cm  =  1  m. 

(xv)  An  extended  body  pivoted  at  point  P  at  a  distance  h 
from  its  centre  of  mass  (Fig.  13.18)  and  oscillating  in 
the  vertical  plane. 


T=  2n 


Fig.  13.18 
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where  /  =  moment  of  inertia  of  the 
body  about  the  pivot. 

(a)  If  the  body  is  a  rod  of  mass  m  and  length 
/  (Fig.  13.19)  pivoted  at  its  end,  then 


Hence 


h  =  —  and  /  = 
2 


ml2 


T  = 


P  /  Pivot 
YA 


1/2 


•  CM 


Fig.  13.19 


(b)  If  the  body  is  a  ring  of  mass  m  and 
radius  r  pivoted  at  a  point  P  on  its 
periphery  (Fig.  13.20),  then 

h  =  r  and  /  =  mr 2  +  mr~  =  2mr'. 

Hence  T  =  2n 

For  a  disc  pivoted  at  a  point  on  its 
periphery, 


h  = 
Hence 


1  2  2 

r  and  /  =  —  mr  +  mr 

2 


Fig.  13.21  (b)^Tb  =  2xJ4^ 

V  k 


m 


Fig.  13.21  (c)  =>  Tc  =  2nx\— 


Fig.  13.21  (d)  =>  Td  =  2n 


m  (kx  +  k1) 
4 kxk2 


(xvii)  Horizontal  oscillation  (with¬ 
out  slipping)  of  a  disc,  ring, 
cylinder  or  sphere  of  mass 
M  and  radius  R  rolling  on 
a  horizontal  surface  (Fig. 
13.22). 


Fig.  13.22 


T  = 


13.8  ;  DAMPED  OSCILLATIONS 


T  = 


(xvi)  Some  cases  of  oscillation  of  spring-mass-pulley 
system.  The  mass  of  pulley  is  negligible. 


(a)  (b)  (c)  (d) 

Fig.  13.21 


Fig.  13.21  (a)  =>Ta  =  2n 


Oscillations  under  the  influence  of  damping  (or  frictional) 
force  are  called  damped  oscillations.  Due  to  damping  the 
amplitude  (and  hence  energy)  of  the  oscillator  keeps  on 
decreasing  with  time  and  eventually  the  oscillator  comes 
to  rest.  Damping  also  decreases  the  frequency  of  the 
oscillator. 

13.9  j  FORCED  OSCILLATIONS  AND  RESONANCE 

The  oscillations  of  a  system  under  the  influence  of  an 
external  periodic  force  are  called  forced  oscillations.  The 
external  force  maintains  the  oscillations  of  a  damped 
oscillator.  The  amplitude  of  these  oscillations  remains 
constant. 

If  the  frequency  of  the  externally  applied  force  is  equal 
to  the  natural  frequency  of  the  oscillator,  resonance  is  said 
to  occur.  If  damping  is  small,  the  amplitude  of  resonant 
oscillations  will  become  very  large.  At  resonance,  the 
oscillator  absorbs  maximum  energy  supplied  by  the 
external  force. 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  uniform  rod  AB  of  length  L  is  pivoted  at  one  end 
A  and  hangs  vertically.  The  time  period  of  small 


oscillations  about  an  axis  passing  through  A  and 
perpendicular  to  the  rod  is 
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2.  The  displacement  of  a  particle  executing  simple 
harmonic  motion  is  given  by 
x  =  a  sin  cot  +  a  cos  cot 
The  total  energy  of  the  particle  is 


(a)  —  m  a2  co2 
2 

1  2  2 

(c)  —  777  a  co~ 
4 


(b)  777  a 2  co2 


(d)  2  777  a2  oo 


3.  In  Q.2  above,  the  phase  constant  of  the  simple 
harmonic  motion  is 

(a)  zero  (b)  30° 

(c)  45°  (d)  90° 

4.  The  displacement  of  a  particle  executing  simple 
harmonic  motion  varies  with  time  t  as 

x  =  a  sin  cot  +  a  sin 
The  amplitude  of  oscillation  is 

(a)  a  (b)  4l  a 

(c)  43  a  (d)  2 a 

5.  A  block  of  mass  m  is  attached  to  a  spring  of  force 
constant  k  by  means  of  a  string  going  over  a 
frictionless  pulley  as  shown  in  Fig.  1 3 .23 .  The  block 
is  held  in  position  so  that  the  spring  is  unstretched. 
The  block  is  then  released  and  it  begins  to  oscillate 
with  a  small  amplitude.  The  maximum  velocity  of 
the  block  during  oscillation  is 


6.  A  body  is  executing  simple  harmonic  motion  of 
time  period  T.  Its  kinetic  energy  varies  periodically 
with  time  period  equal  to 

(a)  |  (b)  T 

(c)  42  T  (d)  2  T 

7.  A  particle  is  executing  a  linear  simple  harmonic 
motion.  At  time  t  =  0,  it  is  at  one  extreme  position 
and  travels  a  distance  2  cm  in  the  first  second  and  5 
cm  in  the  next  second  moving  in  the  same  direction. 
The  amplitude  of  the  motion  is 

(a)  8  cm  (b)  10  cm 

(c)  12  cm  (d)  14  cm 

8.  A  body  of  mass  200  g  executing  SHM  has  a  veloc¬ 
ity  of  3  cm  s_1  when  its  displacement  is  4  cm  and  a 
velocity  of  4  cm  s_1  when  its  displacement  is  3  cm. 
The  total  energy  of  the  oscillator  is 

(a)  2.5  x  10"*  J  (b)  2.5  x  10  2  J 

(c)  2.5  J  (d)  250  J 

9.  The  percentage  change  in  the  time  period  of  a  sim¬ 
ple  pendulum  if  its  length  is  increased  by  2%  is 

(a)  4%  (b)  2% 

(c)  1%  (d)  42% 

10.  Two  springs  of  equal  lengths  and  equal  cross- 
sectional  areas  are  made  of  materials  whose  Young’s 
modulii  are  in  the  ratio  of  3  :  2.  They  are  suspended 
and  loaded  with  the  same  mass.  When  stretched 
and  released,  they  will  oscillate  with  time  periods 
in  the  ratio  of 

(a)  43  :  42  (b)  3  :  2 

(c)  3  V3  :  2  42  (d)  9:4 

11.  Two  bodies  A  and  B  of  equal  masses  are  sus¬ 
pended  from  two  separate  springs  of  force  con¬ 
stants  kx  and  k2  respectively.  If  the  two  bodies 
oscillate  such  that  their  maximum  velocities  are 
equal,  the  ratio  of  the  amplitudes  of  oscillation  of 
A  and  B  will  be 

(a)  kx/k2  (b)  jkjk2 

(c)  k2/kx  (d)  4kjkx 

<  IIT,  1988 

12.  A  spring  of  force  constant  k  is  cut  into  three  equal 
pieces.  If  these  three  pieces  are  connected  in  paral¬ 
lel,  the  force  constant  of  the  combination  will  be 

(a)  k/3  (b)  k/9 

(c)  3  k  (d)  9k 
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13.  The  displacement  x  (in  centimetres)  of  an  oscillat¬ 
ing  particle  varies  with  time  t  (in  seconds)  as 


x  =  2  cos 


0.5  nt  +  — 
3 


The  magnitude  of  the  maximum  acceleration  of  the 


particle  in  cms  7  is 

,  N  n 

(a)  2 


0»f 


(c) 


14.  A  particle  is  executing  linear  simple  harmonic  mo¬ 
tion  of  amplitude  A.  What  fraction  of  the  total  en¬ 
ergy  is  kinetic  when  the  displacement  is  half  the 
amplitude? 


(a) 

(c) 


1 

4 

_1_ 

2 


(b) 


2V2 


(d)  1 

4 


15.  In  Q.14,  at  what  displacement  is  the  energy  of  the 
oscillator  half  potential  and  half  kinetic? 

<■>  7  »>  I 

<c)  i  ,d)  £ 

16.  A  horizontal  platfonn  is  executing  simple  hannonic 
motion  in  the  vertical  direction  of  frequency  v.  A 
block  of  mass  m  is  placed  on  the  platform.  What  is 
the  maximum  amplitude  of  the  platform  so  that  the 
block  is  not  detached  from  it? 


(a) 


g 

4  k2v2 


(b) 


mg 

4  n2v2 


(c) 


g 

In1  v1 


(d) 


mg 
2  iz2v2 


17.  A  spring  of  negligible  mass  having  a  force  con¬ 
stant  k  extends  by  an  amount  y  when  a  mass  m  is 
hung  from  it.  The  mass  is  pulled  down  a  little  and 
released.  The  system  begins  to  execute  simple 
harmonic  motion  of  amplitude  A  and  angular  fre¬ 
quency  ft).  The  total  energy  of  the  mass-spring 
system  will  be 

(a)  -mA2co2  (b)  -mA2co2  +  —  ky2 

2  2  2 

(c)  i  ky 2  (d)  ^  mA2co2  -  ^  ky2 

18.  A  small  trolley  of  mass  2  kg  resting  on  a  horizontal 
frictionless  turntable  is  connected  by  a  light  spring 
to  the  centre  of  the  table.  The  relaxed  length  of  the 


spring  is  35  cm.  When  the  turntable  is  rotated  with 
an  angular  frequency  of  10  rad  s  the  length  of 
the  spring  becomes  40  cm.  What  is  the  force 
constant  of  the  spring? 

(a)  1.2  x  103  NnT1  (b)  1.6  x  103  NnT1 

(c)  2.0  x  103  Nm  1  (d)  2.4  x  103  NnT1 

19.  A  simple  pendulum  of  length  /  and  bob  mass  m 
is  displaced  from  its  equilibrium  position  O  to  a 
position  P  so  that  the  height  of  P  above  O  is  /?.  It  is 
then  released.  What  is  the  tension  in  the  string 
when  the  bob  passes  through  the  equilibrium 
position  02  Neglect  friction. 


(a)  mg 

(c)  mg  j^l  +  y 


(b) 


2  m  gh 
1 


(d)  mg 


20.  When  a  mass  m  is  hung  from  the  lower  end  of  a 
spring  of  negligible  mass,  an  extension  x  is  pro¬ 
duced  in  the  spring.  The  mass  is  set  into  vertical 
oscillations.  The  time  period  of  oscillation  is 


(a) 


(c) 


T  =  2n  E 

ig 


(b) 


T  =  2n 


(d)  T  =  2n 


21.  A  small  spherical  steel  ball  is  placed  a  little  away 
from  the  centre  of  a  large  concave  mirror  of  radius 
of  curvature  R  =  2.5  m.  The  ball  is  then  released. 
What  is  the  time  period  of  the  motion?  Neglect  fric¬ 
tion  and  take  g  =  10  ms~2. 


(a)  —  sec 
4 


(b)  —  sec 
2 


(c)  n  sec  (d)  2  n  sec 

22.  The  potential  energy  of  a  particle  executing  simple 
harmonic  motion  at  a  distance  x  from  the  equilib¬ 
rium  position  is  proportional  to 

(a)  Vx  (b)  x 


(C)  X2 


(d)  x3 


23.  The  displacement  y  of  a  particle  executing  simple 
harmonic  motion  is  given  by 

y  =  4  cos2  sin  (1000  t ) 

This  expression  may  be  considered  to  be  a  result 
of  the  superposition  of  how  many  simple  harmonic 
motions? 

(a)  two  (b)  three 

(c)  four  (d)  five 

<  IIT,  1992 
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24.  The  kinetic  energy  of  a  particle  executing  S.H.M. 
is  1 6  J,  when  it  is  at  its  mean  position.  If  the  am¬ 
plitude  of  oscillation  is  25  cm  and  the  mass  of  the 
particle  is  5.12  kg,  the  time  period  of  oscillation  is 


(a)  —  sec. 

5 

(b)  2k  sec. 

(c)  20  n  sec. 

(d)  5  k  sec. 

The  time  taken  by 

a  particle  executing  simple 

harmonic  motion  of  time  period  T  to  move  from 

the  mean  position  to  half  the  maximum  displa- 

cement  is 

T 

T 

a  A 

(b)  - 

2 

4 

T 

.  T 

(c)  — 

8 

(d)  — 

12  _ 

<  IIT,  1992 


26.  One  end  of  a  long  metallic  wire  of  length  L  is  tied 
to  the  ceiling.  The  other  end  is  tied  to  a  massless 
spring  of  spring  constant  K.  A  mass  m  hangs  freely 
from  the  free  end  of  the  spring.  The  area  of  cross- 
section  and  Young’s  modulus  of  the  wire  are  A  and 
Y  respectively.  If  the  mass  is  slightly  pulled  down 
and  released,  it  will  oscillate  with  a  time  period 
given  by 


(a)  2  n 

(b)  2 n 

(c)  2  n 

(d)  2 n 


~(YA  +  KL)mlV2 
YAK 


m  Z4h 
KL  J 


<  IIT,  1993 


27.  A  particle  is  executing  simple  harmonic  motion 
along  the  x-axis  with  amplitude  4  cm  and  time 
period  1.2  s.  The  minimum  time  taken  by  the  par¬ 
ticle  to  move  from  x  =  +  2  cm  to  x  =  +  4  cm  and 
back  again  is 

(a)  0.6  s  (b)  0.4  s 

(c)  0.3  s  (d)  0.2  s 


28.  If  a  spring  extends  by  x  on  loading,  then  the  energy 
stored  in  the  spring  is  (Tis  the  tension  in  the  spring 
and  k  its  force  constant) 

y,2 

2x 


(a)  — 


(b)  ~~ 


T 

Yk 


,  ,  2k 
(c)  —r 


(d) 


2T 


29. 


A  rigid  cubical  block  A  of  mass  M  and  side  L  is 
fixed  rigidly  on  to  another  cubical  block  of  the 
same  dimensions  and  of  modulus  of  rigidity  77  such 
that  the  lower  face  of  A  completely  covers  the 
upper  face  of  B.  The  lower  face  of  B  is  rigidly 
held  on  a  horizontal  surface.  A  small  F  is  applied 
perpendicular  to  one  of  the  side  faces  of  ^4.  After  the 
force  is  withdrawn,  blocks  executes  small  oscilla¬ 
tions,  the  time  period  of  which  is 


(a)  2n^MrfL 

<c)  ln^T 


(b) 

(d) 


<  IIT,  1992 

30.  A  particle  free  to  move  along  the  x-axis  has  poten¬ 
tial  energy  given  by 

U(x)  =  k[  1  -  exp  (-  x2)]  for  -  00  <  x  <  +  °° 
where  k  is  a  constant  of  appropriate  dimensions. 
Then 

(a)  at  points  away  from  the  origin,  the  particle 
is  in  unstable  equilibrium 

(b)  for  any  finite  nonzero  value  of  x,  there  is  a 
force  directed  away  from  the  origin 

(c)  if  its  total  mechanical  energy  is  k/2,  it  has  its 
minimum  kinetic  energy  at  the  origin 

(d)  for  small  displacements  from  x  =  0,  the  mo¬ 
tion  is  simple  harmonic. 

31.  The  period  of  oscillation  of  a  simple  pendulum  of 
length  L  suspended  from  the  roof  of  a  vehicle  which 
moves  without  friction  down  an  inclined  plane  of 
inclination  a,  is  given  by 


(a)  2  n 


(c)  2  n  .  - 


(b)  2  n 


(d)  2k 


g  sin  a 


1  g  tan  a 
<  IIT,  2000 

32.  A  spring  of  force  constant  k  is  cut  into  two  pieces 
such  that  one  piece  is  double  the  length  of  the  other. 
Then  the  longer  piece  will  have  a  force  constant 


of 

(a)  \  k 

(b) 

-  k 

3 

2 

(c)  3  k 

(d) 

6  k 

I  IIT,  1999 


33.  A  body  of  mass  1  kg  is  executing  simple  hannonic 
motion.  Its  displacement  x  (in  cm)  at  time  t  (in 
second)  is  given  by 

100f  +  ^j 


x  =  6  sin 
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The  maximum  kinetic  energy  of  the  body  is 
(a)  6  J  (b)  18  J 

(c)  24  J  (d)  36  J 

34.  Two  particles  P  and  Q  start  from  the  origin  and 
execute  simple  harmonic  motion  along  x-axis  with 
the  same  amplitude  and  time  periods  3  s  and  6  s 
respectively.  The  ratio  of  the  velocities  of  P  and  Q 
when  they  meet  is 

(a)  1  :  2  (b)  2  :  1 

(c)  2  :  3  (d)  3  :  2 

35.  A  body  is  executing  simple  harmonic  motion.  At 
a  displacement  x,  its  potential  energy  is  Ex  and  at 
a  displacement  y,  its  potential  energy  is  E2.  The 
potential  energy  E  at  a  displacement  ( jc  +  y)  is 

(a)  Ex  +  E2  (b)  ^E2+E2_ 

(c)  Ex  +  E2  +  2 yjExE2  (d)  ^ExE2 


36.  A  body  executes  simple  harmonic  motion  under  the 

4 

action  of  a  force  Fx  with  a  time  period  —  s.  If  the 

force  is  changed  to  F0  it  executes  S.H.M.  with  time 
3 

period  —  s.  It  both  the  forces  Fx  and  F2  act  simul¬ 
taneously  in  the  same  direction  on  the  body,  its  time 
period  in  seconds  is: 


(a) 

(c) 


12 

25 

35 

24 


(b) 

(d) 


24 

25 
15 
12 


37.  If  the  displacement  (x)  and  velocity  ( v )  of  a  par¬ 
ticle  executing  simple  harmonic  motion  are  related 
through  the  expression  4v2  =  25  -  x2,  then  its  time 
period  is 

(a)  n  (b)  2k 

(c)  4k  (d)  6k 

38.  The  bob  of  a  simple  pendulum  executes  simple 
harmonic  motion  in  water  with  a  period  t,  while 
the  period  of  oscillation  of  the  bob  in  air  is  t0.  If 
the  density  of  the  material  of  the  bob  is  (4/3)  x 
1000  kg  nT3,  and  the  viscosity  of  water  is  neglect¬ 
ed,  the  relationship  between  t  and  tQ  is 


(a)  t=t0  (b)  t  =  j 

(c)  t  =  2?0  (d)  t  =  4 10 

39.  A  body  at  the  end  of  a  spring  executes  S.H.M.  with 
a  period  tx,  while  the  corresponding  period  for  an¬ 
other  spring  is  t2.  If  the  period  of  oscillation  with 
the  two  springs  in  series  is  T,  then 
(a)  T  =  tx  +  t2  (b)  T2  =  t\  +  t\ 


(c) 


1  _  1  1 

T  h  h 


1  _  1  1 
(d)  jl  ~  (2  +  (2 


40.  A  horizontal  platform  with  an  object  placed  on  it 
is  executing  SHM  in  the  vertical  direction.  The  am¬ 
plitude  of  oscillation  is  2.5  cm.  What  must  be  the 
least  period  of  these  oscillations  so  that  the  object 
is  not  detached  from  the  platform?  Take  g  =  10m 


(a)  0.1  k  sec  (b)  0.5  k  sec 

(c)  k  sec  (d)  2  k  sec 


41.  The  ends  of  a  rod  of  length  /  and  mass  m  are  at¬ 
tached  to  two  identical  springs  as  shown  in  Fig. 
13.24.  The  rod  is  free  to  rotate  about  its  centre  O. 
The  rod  is  depressed  slightly  at  endH  and  released. 
The  time  period  of  the  resulting  oscillation  is 


(a)  2  k 


(c)  K 


(b> 211  ff 


42.  A  uniform  metre  scale  of  length  1  m  is  balanced  on 
a  fixed  semi-circular  cylinder  of  radius  30  cm  as 
shown  in  Fig.  13.25.  One  end  of  the  scale  is  slightly 
depressed  and  released.  The  time  period  (in 
seconds)  of  the  resulting  simple  harmonic  motion 
is  (Take  g  =  1 0  ms~2) 

(a)  K  (b)  y 


Fig.  13.25 

43.  A  simple  pendulum  of  length  /  is  suspended 
from  the  ceiling  of  a  train  which  is  moving  in  the 
horizontal  direction  with  a  constant  acceleration 
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a.  The  time  period  of  the  pendulum  is  given  by 
T=2n  where  geff  is  given  by 

VSeff 


(a)  g 
(c)  (g 


(b)  (g  +  a) 


a ) 


(d)  \jg2  +  a2 


44.  A  simple  pendulum  of  length  /  is  suspended  from 
the  ceiling  of  a  trolley  which  is  moving,  without 
friction,  down  an  inclined  plane  of  inclination 
0.  The  time  period  of  the  pendulum  is  given  by 

T=2n  J - ,  where  geff  is  given  by 

V  geff 


(a)  g 

(c)  g  cos  0 


(b)  g  sin  6 
(d)  g  tan  9 


45.  One  end  of  a  massless  spring  of  relaxed  length 
50  cm  and  spring  constant  k  is  fixed  on  top  of  a 
frictionless  inclined  plane  of  inclination  6  =  30° 
as  shown  in  Fig.  13.26.  When  a  mass  m  =  1.5  kg 
is  attached  at  the  other  end,  the  spring  extends  by 
2.5  cm.  The  mass  is  displaced  slightly  and  re¬ 
leased.  The  time  period  (in  seconds)  of  the  resulting 


motions  of  the  same  amplitude  and  the  same 
frequency  along  the  same  straight  line  and  about 
the  same  mean  position.  If  the  maximum  separation 
between  them  is  v/2  times  the  amplitude,  the  phase 
difference  between  them  is 


(a) 

n 

(b) 

(c) 

K 

(d) 

47.  A  particle  executes  simple  harmonic  motion  be¬ 
tween  x  =  — A  and  x  =  +  A.  The  time  taken  for  it  to 
go  from  0  to  At2  is  Tx  and  to  go  from  A/2  to  A  is 
T2.  Then 

(a)  Tx  <  T2  (b)  Tx  >  T2 

(c)  T ,  =  T2  (d)  Tx  =  2 T2 

<  IIT,  2001 


48.  A  simple  pendulum  is  oscillating  without  damping. 
When  the  displacement  of  the  bob  is  less  than  max¬ 
imum,  its  acceleration  vector  is  correctly  shown  in 
(see  Fig.  13.27). 


(a) 


(c) 


Fig.  13.27 

<  IIT,  2002 

49.  For  a  particle  executing  simple  harmonic  motion, 
the  displacement  x  is  given  by  x  =  A  cos  co  t.  Iden¬ 
tify  the  graph  which  represents  the  variation  of 
potential  energy  (PE)  as  a  function  of  time  t  and 
displacement  x.  (see  Fig.  13.28). 

(a)  I,  III  (b)  II,  IV 

(c)  II,  III  (d)  I,  IV 

<  IIT,  2003 


Fig.  13.28 

50.  The  time  period  of  a  particle  in  simple  harmon¬ 
ic  motion  is  8  seconds.  At  t  =  0  it  is  at  the  mean 
position.  The  ratio  of  the  distances  travelled  by  it  in 
the  first  and  second  seconds  is: 
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(a)  - 


(c) 


72-1 


(b) 


(d) 


1 

77 

1_ 

73 


51.  A  particle  is  executing  linear  simple  harmonic  mo¬ 
tion  about  the  origin  x  =  0.  Which  of  the  graphs 
shown  in  Fig.  13.29  represents  the  variation  of  the 
potential  energy  function  U (x)  versus  xl 


(c) 

Fig.  13.29 

<  IIT,  2004 

52.  A  simple  pendulum  has  a  time  period  of  3.0  s.  If 
the  point  of  suspension  of  the  pendulum  starts 
moving  vertically  upward  with  a  velocity  v  =  Kt 
where  K  =  4.4  ms~2,  the  new  time  period  will  be 


(Take  g  =  1 0  ms  2) 
(a,  |  s 


(b)  ±  s 
3 

(d)  4.4  s 


■  IIT,  2005 


(c)  2.5  s 

53.  A  simple  pendulum  is 
moving  simple  har¬ 
monically  with  a  period 
of  6  s  between  two 
extreme  positions  B 
and  C  as  shown  in  Fig. 

13.30.  If  the  angular 
distance  between  B  and 
C  is  10  cm,  how  long 
will  the  pendulum  take 
to  move  from  position 
C  to  position  D  exactly  midway  between  O  and  C. 
(a)  Is  (b)  2  s 

(c)  3  s  (d)  4  s 


54.  A  block  is  kept  on  a  horizontal  table.  The  table 
is  executing  simple  harmonic  motion  of  time  pe¬ 
riod  T  in  the  horizontal  plane.  The  coefficient  of 
static  friction  between  the  block  and  the  table  is  /J.. 
The  maximum  amplitude  of  the  table  for  which  the 
block  does  not  slip  on  the  surface  of  the  table  is 


(a) 

BgT 

(b) 

BgT 

2  n 

2  7T2 

(c) 

BgT2 

An1 

(d) 

BgT2 

55.  A  particle  executes  a  linear  simple  harmonic 
motion  of  amplitude  25  cm  and  time  period  3  s. 
What  is  the  minimum  time  required  for  the  particle 
to  move  between  two  points  located  at  12.5  cm  on 
either  side  of  equilibrium  position? 

(a)  0.5  s  (b)  1.0  s 

(c)  1.5  s  (d)  2.0  s 

56.  One  end  of  a  light  spring  of  force  constant  k  is  fixed 
to  a  block  A  of  mass  Mplaced  on  a  horizontal  fric¬ 
tionless  table;  the  other  end  of  the  spring  is  fixed 
to  a  wall  (Fig.  13.31).  A  smaller  block??  of  mass  m 
is  placed  on  block  A.  The  system  is  displaced  by  a 
small  amount  and  released.  What  is  the  maximum 
amplitude  of  the  resulting  simple  harmonic  motion 
of  the  system  so  that  the  upper  block  does  not  slip 
over  the  lower  block?  The  coefficient  of  static  fric¬ 
tion  between  the  two  blocks  is  /u. 


M 


Fig.  13.31 


(a)  Hmax  = 

k 

(b>  ^  -  "7 

k 

<0 

k 

(d)  None  of  these 

57.  A  block  A  of  mass  m 
is  placed  on  a  fric¬ 
tionless  horizontal 
surface.  Another 
block  B  of  the  same 
mass  is  kept  on  A 
and  connected  to  the  wall  with  the  help  of  a  spring 
of  force  constant  k,  as  shown  in  Fig.  13.32.  The 
coefficient  of  friction  between  blocks  A  and  B  is 
[i.  The  blocks  move  together  executing  simple  har¬ 
monic  motion  of  amplitude  a.  The  maximum  value 
of  frictional  force  between  A  and  B  is 


KWWMHb 


Fig.  13.32 
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(a)  ka  (b)  ka/2 

(c)  zero  (d)  /u  mg 

<  IIT,  2005 

58.  A  simple  pendulum  attached  to  the  ceiling  of  a 
stationary  lift  has  a  time  period  T.  The  distance  y 
covered  by  the  lift  moving  upwards  varies  with 
time  t  as  y  =  r  where  y  is  in  metre  and  t  in  second. 
If  g  =  10  ms  2,  the  time  period  of  the  pendulum 

(b) 

(d)  lr 

<  IIT,  2007 

59.  ThemassMshowninFig.  13.33  oscillates  in  simple 
harmonic  motion  with  amplitude  A.  The  amplitude 
of  the  point  P  is 


will  be 


(c) 


kxA 
k\  +  k2 


(d) 


M 

k\+k2 


■  IIT,  2009 


60.  A  wooden  block  performs  SHM  on  a  frictionless 
surface  with  frequency,  v0.  The  block  carries  a 
charge  +Q  on  its  surface.  If  now  a  uniform  electric 

field  E  is  switched-on  as  shown  in  Fig.  13.34,  then 
the  SHM  of  the  block  will  be 

(a)  of  the  same  frequency  and  with  shifted  mean 
position. 

(b)  of  the  same  frequency  and  with  the  same 
mean  position 

(c)  of  changed  frequency  and  with  shifted  mean 
position. 

(d)  of  changed  frequency  and  with  the  same 
mean  position. 

<  IIT,  2011 


k 2 


M 


Fig.  13.33 


(a) 


k{A 

k2 


(b) 


M 

k\ 


Fig.  13.34 
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SOLUTIONS 


1.  T=2n  \— — 

V  MgL 

where  M  is  mass  of  the  rod  and  /  is  its  moment  of 
inertia  about  the  axis  passing  through  its  end  and 
perpendicular  to  its  length. 

I  =  -  ML 2 
3 


.-.  T=2n 


which  is  choice 


(c). 


2.  Given  x  =  a  sin  cot  +  a  cos  cot  (1) 

The  displacement  equation  of  a  simple  harmonic 
motion  is 


x  =  A  sin  (cot  +  (j>) 


where  A  =  amplitude  and  (f)  =  phase  constant. 
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x  =  A  sin©?  cos 0  +  A  cos  cot  sin  0 
Comparing  (1)  with  (2)  we  get 
A  cos  0  =  a 
and  A  sin  0  =  a 

Squaring  and  adding  Eqs.  (3)  and  (4)  we  get 


(2) 

(3) 

(4) 


A2  =  a2  +  a 2 


A2  =  2  a2 


2  2 

m  co  a 


Energy  =  ^  m  of  A2  =  , 

So  the  correct  choice  is  (b). 

3.  Dividing  Eq.  (4)  by  Eq.  (3)  we  get 
tan  0=1  =>  0  =  45°,  which  is  choice  (c). 

4.  Given x  =  a  sin  cot  +  a  sin  \  cot  +  — 

l  3 

n  k 

=  a  sin  cot  +  a  sin  cot  cos  —  +  a  cos  cot  sin  — 

3 


3 a  .  Jla 

=>  x  =  —  sin  cot  +  -  cos  cot 

2  2 

For  a  simple  harmonic  motion 
x  =  A  sin  (cot  +  0) 

=>  x  =  A  sin  cot  cos  0  +  A  cos  cot  sin 
Comparing  (1)  and  (2)  we  get 

A  ,  3  a 

A  cos  0  =  — 

2 

....  V3  a 
and  Asm  0  =  - 


3 

(1) 

(2) 


f  3a)2  + 

ItJ  + 

l 2  J 

=  3rr 


=>  A  =  V3  a,  which  is  choice  (c). 

5.  When  the  block  is  released,  the  spring  extends  by 
an  amount  x  given  by 

1712 

kx  =  mg  =>  x  =  - ,  which  is  also  the  amplitude  of 

k 

mg 

the  oscillation,  i.e.  A  =  - 

k 

mg  /  k  I  m 

»maS  =  4ffl=  —  xJ-  =  g\T 
k  v  m  V  k 

6.  Kinetic  energy  =  ^  m  A2  co2  cos2  (cot+  0) 

=  ^  m  A2  co2  [1  +  cos  (2 cot  +  20)] 

Time  period  of  kinetic  energy  =  =  — 

2  co  2 


Y  CO  =- 


2  n 


So  the  correct  choice  is  (a). 


7.  Since  the  particle  is  at  extreme  position  at  time 
t  =  0, 

x  =  A  cos  cot 
At  t  =  0,  x0  =  A 
At  t  =  1  s,  X|  =  A  cos  co 

At  t  =  2  s,  x2  =  A  cos  2  co 

2 

If  A  is  in  cm,  2  =  A- A  cos  co  — >  cos  co  =  1 - 

A 

and  2  +  5  =  A-  A  cos  2  co 

=>  7  =  A  [1  -  (2  cos2  co  -  1)] 

=  24  (1  -  cos2  co) 


=  2  A 


7  =  2  A 


X-1- 

A 


,  ,  4  4 

1—  lH - x 

4 


4 


which  gives  A  =  8  cm. 
8.  V=  co2  (A2  -x2) 

9  =  co2  (A2  -16) 


and  1 6  =  ©2  (A2 


9) 


(1) 

(2) 


Solving  Eqs.  (1)  and  (2),  we  get  A  =  5  cm  and 
CO  =  1  rad  s_1. 

E  =  —  m  A"  CO1 
2 

=  |  x  (200  x  10~3)  x  (5  x  1 0~2)2  x  (l)2 
=  2.5  x  10^  J 


9- 

2  AT 


or 


T 

AT 

T 


=>  T2  =  47T- 
g 

A  L 
L 

=  -x—  =  -  x  2%  =  1% 
2  Z  2 


F  L 

10.  Young’s  modulus  Y= - 

A  l 


Force  constant 


k=  —  = 
/ 


Z 


where  /  is  the  extension  in  the  spring  of  original 
length  Z  and  cross-sectional  area  A  when  a  force  F 
=  Mg  is  applied.  Now,  the  time  period  of  vertical 
oscillations  is  given  by 


T  =  2n  J—  =  2 n 


ML 

YA 


'i  _ 


'2  _ 


- 

T2  K  V  2 
Hence  the  correct  choice  is  (a). 
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11.  The  velocity  of  an  oscillating  body  is  maximum 
when  it  is  at  the  equilibrium  position  where  the 
potential  energy  is  zero  and  the  energy  is  entirely 
kinetic.  At  the  extreme  positions,  the  kinetic  energy 
is  zero  and  the  energy  is  entirely  potential.  There¬ 
fore,  the  kinetic  energy  at  equilibrium  position  = 
potential  energy  at  extreme  positions  =  total  en¬ 
ergy.  Since  the  maximum  velocities  (i.e.  velocities 
at  equilibrium  position)  are  equal  for  the  two  equal 
masses,  their  kinetic  energies  are  also  equal  =  their 
potential  energies  at  extreme  positions  where  the 
displacement  is  maximum  =  amplitude.  Ifxj  and  x2 
are  amplitudes  of  bodies  A  and  B,  we  have 


1  ,  2  1 

—  k,  x  i  =  — 
2  2 


or  —  = 


Hence  the  correct  choice  is  (d). 

12.  If  a  force  F  is  applied  to  a  spring  of  force  contant 
k  and  the  spring  extends  by  an  amount  x,  then 
F  =  kx 

The  extension  x  produced  in  a  spring  is  propor¬ 
tional  to  its  length.  Thus,  if  the  spring  is  cut  into 
three  equal  pieces,  the  same  force  F  will  produce 
an  extension  x/3  in  a  piece.  If  k'  is  the  force 
constant  of  the  piece,  we  have 
F  =  k'  x/3 


k  or  k'  =  3k.  Thus,  the  force 


Therefore  —  = 

3 

constant  of  each  piece  is  3k.  When  springs  are 
connected  in  parallel,  the  force  constant  of  the  com¬ 
bination  is  equal  to  the  sum  of  the  individual  force 
constants  of  the  springs  so  connected.  Therefore, 
the  force  constant  of  the  combination  =  3k  +  3k  + 
3k  =  9k.  Hence  the  correct  choice  is  (d). 


13.  Given 


Velocity 


x  =  2  cos 

y  =  — 
dt 


K 

0.5  nt  +  — 
3 


=  -  2  x  0.5  n  sin 


Acceleration  a  =  - 


dV_ 

dt 


=  -  2  x  0.5  n  x  0.5  n  cos 
Maximum  acceleration, 
o'  =  -  2  x  0.5  n  x  0.5  n  = 


0.5  nt  +  — 
3 


n 

0.5  nt  +  — 
3 


.•.  Magnitude  is  |omax|  = 
Hence  the  correct  choice  is  (c). 


n 

~2 


n 

~2 

2 


K 

~2 


cms 


cms 


—2 


14.  Kinetic  energy  (KE)  =  mco2(A2  -x2) 

1  2  2 

Potential  energy  (PE)  =  —  mco  x 

Total  energy  (E)  =  —  mco2 A2 
When  x  =  A/2, 

1  2 

KE  =  —  777  or 
2 


f  2 


AA - 

4 


3  2  a2 

=  -  mco  A 


E  =  —  mco  A2 
2 


KE  _  3 
~~E  ~  4 

15.  The  energy  will  be  half  kinetic  and  half  potential  at 


a  value  of  x  when  KE  =  PE,  i.e. 


—  mco2(A2  -  x2 
2 


)  =  —  777  OX  X 
2 


or 


2  2 

x  =  x  or  x  = 


V2 


16.  The  block  will  not  be  detached  from  the  platform, 
if  the  amplitude  of  the  platform’s  SHM  is  such  that 
the  maximum  acceleration  equals  the  acceleration 
due  to  gravity,  i.e. 


(0  2A„ 


=  p-  or  A  =  - _ — _ 

S  UI  ^max  2  —  „  7  2 

co -  An  V 


Hence  the  correct  choice  is  (a).  Notice  that  Hmax  is 
independent  of  the  mass  of  the  block. 

17.  Let  L  be  the  relaxed  length  of  the  spring  and  y  the 
extension  produced  in  it  due  to  force  mg  so  that 

ky  =  mg  (i) 

The  displacement  of  the  mass  during  oscillation  is 
given  by 

x  =  A  sin  ( cot  +  (p )  (ii) 

At  the  instant  when  the  displacement  is  x 

\2 


1  2  1 

KE  of  mass  =  m  V"  =  L  m 


' dx 
v  dt 


=  1  mA2  co2  cos2  ( cot  +  <f>) 


2 

]_ 

2 

l_ 

2 

]_ 

2 

]_ 

2 


Using  (i)  and  (ii)  and  co=  A —  ,  we  have 

'  777 


(iii) 


1  2 

PE  of  spring  =  ±  k(y  +  x) 


=  _L  k  (y2  +  2 yx  +  x2) 


=  I  ky 2  +  kyx  +  _L  kx2 
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PE  of  spring  =  _L  ky2  +  mgx  +  _L  mar  A2  x 
sin2  (cot  +  0)  ^  2  (iv) 

Taking  gravitational  PE  at  the  mean  position  to  be 
zero, 

Gravitational  PE  at  x  =  -  mg  x  (v) 

Adding  (iii),  (iv)  and  (v),  we  get 
Total  energy  of  mass- spring  system 

=  1  mA2co2  cos2  (cot  +  0)  +  _L  ky 2  + 

2  2 


1  2  2  •  2 

mgx  +  _  mA~  co  sin"  (cot  +  cf>)  —  mgx 
2 

=  1  mA2ccr  +  1  ky2 
2  2 


18.  The  radius  of  the  circle  along  which  the  trolley 
moves  is 

r  =  40  cm  =  0.4  m 

When  the  table  is  rotated,  the  tension  in  the  spring 
is  equal  to  the  centripetal  force,  i.e. 

2 


F  = 


mv 


=  mrco 


=  2  x  0.4  x  (10)“  =  80  N 
The  extension  in  the  spring  is  x  =  40  -  35  =  5  cm  = 
0.05  m 


F 

Force  constant  k  =  — 
x 

80 


0.05 

Elence  the  correct  choice  is  (b). 


=  1.6  x  103  N  m  1 


19.  P.E.  at  point  P  =  mgh.  If  friction  is  neglected, 
the  potential  energy  is  completely  converted  into 
kinetic  energy  when  the  bob  reaches  the  equi¬ 
librium  position  O  (see  Fig.  13.35).  If  V  is  the 
velocity  of  the  bob  at  O,  then 

—  mV 2  =  mgh 
2 

or  1/2  =  2gh 


Fig.  13.35 


At  position  O,  the  tension  F  in  the  string  is  given  by 


F  -  mg  =  centripetal  force  = 


mVA 


or 


F  =  mg  + 
=  mg  + 


mV 

1 

2  mgh 
1 


(v  V2  =  2gh) 


or 


i  i  2h 

F  =  mg  |  1  +  — 


Hence  the  correct  choices  is  (d). 
20.  If  k  is  the  force  constant,  we  have 
mg  =  kx 


Hence  the  correct  choice  is  (c). 

21.  Let  the  steel  ball  be  placed  at  A,  a  little  away  from 
the  centre  O  of  a  concave  mirror  of  radius  of  cur¬ 
vature  R  (=  OC  =  AC),  as  shown  in  Fig.  13.36.  Let 
ZACO  =  6.  If  m  is  the  mass  of  the  ball,  its  weight 
mg  acts  vertically  downwards  at  A.  This  force  is 
resolved  into  two  rectangular  components:  mg  cos  6 
(which  is  balanced  by  the  normal  reaction  N  of  the 
mirror)  and  m  g  sin  9  (which  provides  the  restoring 
force  F).  Thus 

F  =  -  m  g  sin  6 
=  -  m  g  6 

(v  9  is  small;  x/R  being  very  small) 


Fig.  13.36 


x 

=  -mgR 

(y  x  =  R  9;  x  being  the  arc  OA) 
or  F  =  —  kx 

Jfl2 

where  k  =  -  is  the  force  constant. 

R 
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Hence 


T  =2n  J-  =  2 n  J- 

k 


S 


2.5 


=  2k  x  J— ^  =  n  seconds. 

10 

Hence  the  correct  choice  is  (c). 

22.  The  potential  energy  of  a  particle  of  mass  m  execut¬ 
ing  simple  harmonic  motion  of  angular  frequency 
to  at  a  distance  x  from  the  equilibrium  position  is 
given  by 


1  o2  1 
P.E.  =  —  m  or  x  =- 


k  x 


2  2 
where  k=  m  of  is  constant.  Hence  the  correct  choice 
is  (c). 


23.  We  can  write,  4  cos  I—  J  =  2  x  2  cos  J  =  2x 

( 1  +  cos  t).  Therefore, 
y  =  2  x  (1  +  cos  t)  x  sin  (1000  t) 

=  2  sin  (1000  t)  +  2  cos  t  sin  (1000  t) 

=  2  sin  (1000  t)  +  sin  (1001  t)  +  sin  (999  t) 

Thus  y  is  a  superposition  of  three  simple  harmon¬ 
ic  motions  of  angular  frequencies  999,  1000  and 
1001  rad  s  '.  Hence  the  correct  choice  is  (b).  But 
a  superposition  of  two  or  more  simple  harmonic 
motions  of  different  frequency  does  not  produce 
a  simple  harmonic  motion.  The  statement  of  the 
question  is  incorrect. 

24.  At  the  mean  position,  the  velocity  of  the  particle  is 
v  =  A  co.  Therefore 

K.E.  =  -  mA2or  =  -  mA 2  ( — 

2  2  \  T 

2n~m  A2 


or  T  =  kA 


2  m 
K.E. 


=  n  x  0.25  x 


2  x  5. 12  A 


1/2 


16  J 

=  0.2  n  second 
Hence  the  correct  choice  is  (a). 

25.  Let  the  displacement  of  the  particle  be  given  by 

(  2  nt\ 


x  =  A  sin  cot  =  A  sin 


l  T  J 


i.e.  when  x  =  0,  t0  =  0.  When  x  =  A/2,  the  value  of 
t  is  given  by 

A  .  .  ( 2  n  t, ' 

—  =  A  sm  - 

2  l  T 


or  sm 


2nt{\  _  1 


2nt,  n  T 

or  -  =  —  or  /,  =  — 

T  6  1  12 

T  T 

t  j  -  ?0  = - 0  =  — . 

1  0  12  12 

Hence  the  correct  choice  is  (d). 

26.  If  the  wire  extends  by  an  amount  x  when  a  force  F 
is  applied  to  it,  then 

FI  A  _  Pjy 
Ax 


Y  = 


x/L 


or 


^  ( YA \  YA 

F  =  |  — —  x  =  kx\  k  =  - 

/ .  J  /. 


Thus  the  force  constant  of  the  wire  is  k.  If  K  is  the 
force  constant  of  the  spring,  then  the  force  con¬ 
stant  of  the  series  combination  of  the  wire  and  the 
spring  is  given  by 

_L  =  I  _L 

k'  k  K 


or 


k'  = 


kK 


YA 
_  L 


xK 


(, k  +  K ) 


YA 


+  K 


YAK 


(i) 


(ii) 


(: YA  +  KL ) 

The  time  period  of  the  combination  is 

T  = 2 n J— 

V  k' 

Using  (i)  in  (ii)  we  find  that  the  correct  choice  is  (b). 
27.  Let  the  displacement  of  the  particle  be  given  by 

'2nt\ 

~T) 

where  A  =  4  cm  and  T  =  1 .2  s.  If  tx  is  the  time 
taken  by  the  particle  to  move  from  x  =  0  to  x  = 
2  cm,  then 

„  .  .  f  2  nu 

2=4  sm  - 1 

l  T 

which  gives  /,  =  7712.  If  t2  is  the  time  taken  to 
move  from  x  =  0  to  x  =  4  cm,  then 


x  =  A  sin 


4  =  4  sin 


2nt1 


which  gives  t2  =  —  ■  Therefore,  time  taken  to 


move  from  x  =  2  cm  to  x  =  4  cm  is  A 


T 

12 


T 

6 


1.2s 

~6~ 


=  0.2  s.  Therefore,  time  taken 


by  the  particle  to  move  from  x  =  2  cm  to  x  =  4  cm 
and  back  =  0.4  s.  Hence  the  correct  choice  is  (b). 


Simple  Harmonic  Motion  13.25 


28.  T  =  kx.  Therefore  x  =  T/k.  Now  energy  stored  in 

1  i  (ta2  t~ 

the  spring  =  —  kx2  =  —  k  —  =  — ,  which  is 

2  2  v  k )  2k 

choice  (b). 

29.  Let  the  force  F  produce  a  deformation  x.  When 
this  force  is  withdrawn,  the  force  that  tries  to 
restore  block  A  to  its  equilibrium  position  is 
proportional  to  x  and  is  given  by 

/=-  ri  L  x 

.  ,  •  d2  x  f  riL  2 

Acceleration  — —  =  - —  = - x  =  -oo  x 

dt2  M  M 


\  T1 L 

where  to  =  . - .  The  angular  frequency  of  this 

V  M 


simple  harmonic  frequency  is  CO.  Now  T  = 
Therefore 


2n 

co 


T  =  2n 


30.  Figure  13.37  shows  the  plot  of  U(x )  versus  x. 

At  x  =  0,  potential  energy  U( 0)  =  /c[l  exp  (0)]  = 
k{\  —  1)  =  0  and  it  has  a  maximum  value  =  k  at  x  = 
±  °°  since 

U  (±  °°)  =  k[  1  —  exp  (—  ±  °°)“] 

=  k  (1  -  0)  =  k 


Since  the  total  mechanical  energy  has  a  constant 
value  =  (kl 2),  the  kinetic  energy  will  be  maximum 
at  x  =  0  and  minimum  at  x  =  ±  °°.  At  x  =  0 


dU 
d  x 


=  [2  kx  exp  (-  x2)] 


at  x  =  0 


=  o 


7x  =  0 


Lienee  the  particle  is  in  stable  equilibrium  at  x  =  0 
(origin)  and  would  oscillate  about  x  =  0  (for  small 
displacements)  simple  harmonically.  Lienee  (d)  is 
the  only  correct  choice. 

31.  The  acceleration  of  the  vehicle  down  the  plane  is 
g  sin  a.  The  reaction  force  acting  on  the  pendu¬ 
lum  bob  gives  it  an  acceleration  a  =  g  sin  a  up 
the  plane.  This  acceleration  has  two  rectangular 
components  ax  =  a  cos  a  =  g  sin  a  cos  a  and  a  = 

•  •  9  -i  •  •  ^ 

a  sin  a=  g  sin  a  as  shown  in  Fig.  13.38. 


The  effective  acceleration  due  to  gravity  acting  on 
the  bob  is  given  by 

gin =  a\ +  (g  ~  a}y 

=  a\  +  g2  +  4  -  2 gay 
=  g2  sin2  a  cos2  a  +  g2  +  g2  sin4  a 

-  2 g2  sin2  a 


Fig.  13.38 


=  g~  sin2  a  (cos~  a  +  sin2  a)  +  g 

-  2 g2  sin2  a 

=  g2  (1  -  sin2  a)  =  g2  cos2  a 


0r  geff=gC0S« 
Now  T=  2  n 


-  =  2n 

\geff  \  geos  a 
Hence  the  correct  choice  is  (a). 

32.  The  force  constant  of  a  spring  is  inversely  propor¬ 
tional  to  its  length.  If  a  spring  of  length  L  is  cut  into 
two  pieces  of  lengths  x  and  ( L  -  x),  such  that 

2  L 

x  =  2  (L  -  x)  or  x  =  -y , 

then  the  force  constant  of  the  spring  of  length  x 
is  related  to  the  force  constant  k  of  the  complete 
spring  of  length  L  as 


kx  _  L  _ 
k  x 

which  is  choice  (b). 


L  3  .  3 

- =  —  or  k,  =  —  k 

21/3  2  1  2 


33.  Velocity  of  the  body  at  time  t  is 

dx  d 
v  =  —  =  — 
dt  dt 


=  600  cos 


6  sin  |  1 00/  +  — 
4 

n\ 

100/  H —  cm  s 

4 


Vnax  =  600  cm  s  1  =  6  ms  1 

1,1  , 

Maximum  K.E.  =  —  mv  mm  =  —  x  1  x  (6)  =  18  J 

Hence  the  correct  choice  is  (b). 

34.  Since  the  particles  start  from  x  =  0  and  have  the 
same  amplitude  but  different  time  periods,  they  will 
meet  again  at  x  =  0  where  their  velocities  are  maxi¬ 
mum  equal  to  aco^  and  aco2,  i.e 
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vi  _  dA  _  x  _^2_  _  ^2  _  6  _  2 
ft2  ©2  7j  2/r  7]  3 

Hence  the  correct  choice  is  (b). 

35.  E,  =  —mco2x2 
1  ^ 


or 


^  =  x^mco2 

c  1  „2  2 

E2  =  —mco  y 


(1) 


or 


4A  =  y^ma2 

E  =  —  777  ft)2  (x  +  >')2 


(2) 


or 


v/i?  =  (x  +  _y)  y  7. 777ft) 7 


(3) 


From  (1),  (2)  and  (3),  it  follows  that 
Vi?  =  \[e[  +  \[e: 2 


or  E  =  Ex  +  E2  +  2^EXE2 

which  is  choice  (c). 

36.  Let  the  body  be  displaced  by  a  distance  x.  If  the 
restoring  force  is  Fx,  then  the  angular  frequency  of 
the  resulting  simple  harmonic  motion  is  given  by 


_  K  Kx  _  Fx 

1  777  777X  777X 


(i) 


where  m  is  the  mass  of  the  body.  For  force  F2, 
we  have 


CCh  = 


OT  = 


A 

mx 

F,+F2 

mx 


GO 

(iii) 


From  (i),  (ii)  and  (iii)  we  get 
ft)2  =  ft)2  +  ft)2 


(2n\2 

2  2n 2 

2 

An 2 

or  —  = 

+ 

l  T  J 

U  J 

V  T2  y 

or 


or 


or 


1  1 

rri2  rp2 

1\  ii 


1  +  1 


T  = 


ij  a 

25  25  _  25x25  _  25x25 

16  9  ~  16x9  ~~  144 

12 


144 


'25x25 
which  is  choice  (a). 


25 


s, 


2  9 

37.  Given  4ft"  =  25  -x".  Differentiating  with  respect  to 

time  t,  we  have 

„  dv  n  .  dx 
8ft  —  =  0  -  2x  — 
dt  dt 

(  dv  dx 

or  8fta  =  -  2xft  v  a  =  — ,  ft  =  — 

\  dt  dt 

where  a  is  the  acceleration.  Thus 

a=-Q)x  ® 

For  a  simple  harmonic  motion 

a  =  -  or  x  (ii) 

Comparing  (i)  and  (ii),  we  have 

1 

03=  ~ 

2 

2n  1 

or  —  =  —  or  T  =  An,  which  is  choice  (c). 

T  2 

38.  Since  the  density  of  water  is  3/4  of  the  density  of 
the  bob,  the  effective  acceleration  due  to  gravity 
when  the  bob  is  in  water  decreases  (due  to  buoy- 

3g  2 

ancy)  from g tog'  =g  — —  =  — .  Now 


C=  2nd 

S 

and  t  =  2  n  — 

\g' 

Dividing,  we  get 


g 


gt  4 


=  2  or  t  =  2t, 


o 


1=  A 

to  \g' 

Hence  the  correct  choice  is  (c). 

39.  Let  777  be  the  mass  of  the  body  and  kx  and  k2  the 
force  constants  of  the  two  springs.  Then 


and 


„  777 

t\  =  ~ 

v  K 


U  =  2n  .  — 


(1) 

(2) 


If  the  two  springs  are  connected  in  series,  the 
force  constant  of  the  combination  is  given  by 

k 


— +  — 

h  k , 


or 


k  = 


kxk2 


(kx+k2) 


T  =  2n  J—  =  2n 
k 


777  ( kx  +  k~d) 


k\k2 


(3) 
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Squaring  and  adding  (1)  and  (2),  we  get 
t\  +  jf=  Ait  m 

=  4  7T  m 

=  r2 


l  l 

- 1 - 

V*1  ^2  2 

k\k2 


[Use  Eq.  (3)] 

40.  The  object  will  not  detach  from  the  platform,  if  the 
angular  frequency  co  is  such  that,  during  the  down¬ 
ward  motion,  the  maximum  acceleration  equals  the 
acceleration  due  to  gravity,  i.e., 


<w: 


A  =  g 


or 


or 


(0=  2- 
V  A 

2  n 


T  ■  = 

min 


co„ 


NowH  =  2.5  cm  =  2.5  x  10  2  m  and  g  =  10  ms  2. 
Substituting  these  values  we  get,  7=0.1  n  sec. 
Hence  the  correct  choice  is  (a). 

41.  Let  the  rod  be  depressed  by  a  small  amount  x 
(Fig.  13.39).  Both  the  springs  are  compressed  by 
x.  When  the  rod  is  released,  the  restoring  torque  is 
given  by 

T  =  ( kx )  x  ~  +  ( kx)  x  ~  =  ( kx)l 
x  2x 

Now  sin  9  =  — —  =  — .  Since  9  is  small,  sin  9 
1/2  l 

-  6,  where  9  is  expressed  in  radian.  Thus  9  =  2x11 
or  x  =  9U2.  Hence 

,  (9l\  ,  k9l2 

T =k\ —  x 1=  - 

l  2  J  2 

If  /  is  the  moment  of  inertia  of  the  rod  about  O,  then 

d29 

1  dt2  =~ 
d29 
dt 2 


or 


(  kl2^ 


*  J 
f  kl 2A 


21 


9 


9 


d29 


Since  - oo  (—  9),  the  motion  is  simple  harmonic 

d  t~ 

whose  angular  frequency  is  given  by 


t o  = 


2n  m  l 

Now  co=  —  and  1=  - .  Therefore,  we  have 

T  12 


2k 

T 


kl  12 
—  x — ^ 


ml 


or  T=  n  J—7- ,  which  is  choice  (c). 

V  3k 


////////// 


A' ' 
k 

7777777777- 

Fig.  13.39 

42.  Refer  to  Fig.  13.40.  The  magnitude  of  the  restoring 
torque  =  force  x  perpendicular  distance 

=  mg  x  AB  =  mg  x  R  sin  9 

Since  9  is  small,  sin  9-9.  here  9  is  expressed  in 
radian.  The  equation  of  motion  of  the  scale  is 

I  =  -  mgR9 

dr 


or 


d29 
dt 2 


mgR  3 

~r  J 


a>- or  or T-la.-X. 

/  T  \  I  V  mgR 


mL~ 

Now  /  =  - .  Hence 


12 


T= 


kL 

V3 Jr 


Using  the  values  L  =  1  m,  g  =  10  ms  2  and  R  = 
0.3  m,  we  get  T  =  nt 3  second.  Hence  the  correct 
choice  is  (c). 


Fig.  13.40 

43.  There  are  two  perpendicular  acceleration  vectors;  g 
acting  vertically  downwards  and  a  acting  horizon¬ 
tally.  The  resultant  acceleration  is  given  by 
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geff=  \lg2  +a2 

Hence  the  correct  choice  is  (d). 

44.  The  correct  choice  is  (b)  since  the  component  of 
the  acceleration  due  to  gravity  along  the  plane  is 
g  sin  0. 

45.  The  force  which  increases  the  length  of  the  spring 
by  x  =  2.5  cm  is  F  =  mg  sin  9.  Therefore,  the 
spring  constant  is 

_  F  _  mg  sin  9 
x  x 


Now  time  period  T  =  2n\j~  ~ 


mg  sin  9/x 


=  2  n 


g  sin  9 


Putting  x  =  2.5  cm  =  2.5  x  1(T2  m,  g  =  9.8  ms~2 
and  9  =  30°,  we  get  T  =  nil  second,  which  is 
choice  (a). 

46.  Let  the  motions  be  given  by  x1  =  A  sin  cot  and  x2  = 
A  sin  (cot  +  0).  Separation  between  the  particles  at 
time  t  is  given  by 


X  =  X0 


-x1  =  A  sin  ( cot  +  (f) )  —  A  sin  cot 


dx 


(1) 


The  separation  will  be  maximum  when  —  =0,  i.e. 
when 

A (O  cos  (cot  +  0)  -  Aco  cos  cot  =  9 
or  cos  (cot  +  cj))  =  cos  cot 

or  cot+cj)  =  ±cot 

[  v  cos  (-  0)  =  cos  0] 

The  plus  sign  is  not  possible  because  then  0=0 
which  implies  that  the  separation  x  is  always  zero. 
Therefore,  cot  +  cf>  =  -  cot  or  cot  =  -  0/2.  Using  this 
value  in  ( 1 ),  we  have 


*max=^  Sin 


<t> 


t-  +  0  ^  A  sin  —  —  =2A  sin  — 


Given  xmav  =  72  A.  Hence 


72  A  =  2  A  sin  |  — 
'2 


or 


sm 


0^1  0  n  1  n 

—  =  — j=  or  —  =  —  or  0  =  — . 
2]  V2  2  4  r  2 


Hence  the  correct  choice  is  (b). 


47.  In  simple  harmonic  motion,  the  speed  of  the  par¬ 
ticle  is  the  maximum  at  the  mean  position  x  =  0, 
decreases  as  it  moves  towards  the  extreme  posi¬ 
tion  becoming  zero  at  the  extreme  position  x  =  A. 
Hence  the  particle  will  take  shorter  time  to  move 

A  A 

from  x  =  0  to  x  =  —  than  to  move  from  x  =  —  to 
2  2 

x  =  A.  Thus,  the  correct  choice  is  (a). 


48.  In  the  simple  harmonic  motion  of  a  pendulum,  the 
restoring  force  vector  (and  hence  the  acceleration 
vector)  is  tangential  to  the  path  of  the  bob  and  is 
directed  towards  the  mean  position.  Hence  the  cor¬ 
rect  choice  is  (b). 

49.  Given  x  =  A  cos  cot.  As  a  function  of  x,  the  PE  is 
given  by 


PE  =  —  mco2  x2 
2 

Atx  =  0,  PE  =  0.  Hence  the  correct  graph  is  III.  As 
a  function  of  t,  the  PE  is  given  by 

PE  =  ^  mar  (A  cos  cot)2 

=  —  mar  A2  cos2  cot 
2 


At  t  =  0,  PE  is  maximum  equal  to  —  mar  A2. 

Hence  the  correct  graph  is  I.  Thus,  the  correct 
choice  is  (a). 

50.  Since  the  particle  is  at  the  mean  position  at  t  =  0, 
the  phase  of  the  motion  is  zero.  Therefore,  the 
displacement  of  the  particle  is  given  by 


x  =  A  sin  ( co  t)  =  A  sin 


=  A  sin 


(•••  T=  8s) 


(i) 


The  distance  travelled  in  the  first  second  is  [put  t  = 
1  s  in  (i)] 

.  •  (n 
x,  =  A  sm  — 

1  u 


The  distance  travelled  in  first  two  seconds  is  [put  t 
=  2  s  in  (i)] 


x'  =  A  sin 


=  A 


Distance  travelled  in  the  Ilnd  second  is 


x2  =  x'  -  x1  =  A 


A 

V2 


A  1 


1 

'72 


1 

72-1 


Hence  the  correct  choice  is  (c). 

51.  In  simple  harmonic  motion,  the  force  acting  on  the 
particle  (restoring  force)  is  given  by 
F  =  -  kx 
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where  A:  is  a  positive  constant.  Now 
dU 
dx 


F  = 


Therefore,-  kx  =  — 


dU 


or 


dx 
dU  =  kdx 


r  1  9 

U{x)  =  J  kdx  =  —  kx  +  c 


where  c  is  a  constant  of  integration. 

In  simple  harmonic  motion,  the  potential  energy  of 
the  oscillator  is  zero  at  the  mean  position,  i.e.  U (0) 
=  0.  Hence  c  =  0.  Therefore 

U  (x)  =  —  kx 2 

which  is  the  equation  of  a  parabola.  Since  U (x)  is 
positive  for  all  values  (positive  and  negative)  of  x, 
the  correct  graph  is  (d). 

52.  Original  time  period  is 


r,  =2 n  J- 

g 


(1) 


When  the  pendulum  is  moving  upwards,  the 
effective  value  of  g  is 

Seff=g+a 

where  a  is  the  acceleration  of  the  pendulum  which 
is  given  by 

a  =  —  =  —  (Kt)  =  K  =  4.4  ms”2 
dt  dt 

Seff  =  g  +  a  =  10  +  4.4  =  14.4  ms”2. 
Therefore,  the  new  time  period  is 


=  In 


From  (1)  and  (2),  we  get 


(2) 


or 


T2  =  —  =  —  =  2.5  s 

2  1.2  1.2 


Hence  the  correct  choice  is  (c). 
53.  Amplitude  =  OC  =  OB  =  —  BC 

10  s 
=  —  =5  cm 

2 


OD  =  2.5  cm 

Let  the  displacement  of  the  pendulum  be  given  by 
x  =  A  sin  ( cot  +  0) 

,  ,  -  ,  2n  2n  n  _i 

where  A  =  5  cm  and  a>  =  —  =  —  =  —  rad  s 

T  6  3 


Let  us  suppose  that  at  t  =  0,  the  pendulum  is  at  C, 
i.e.  at  t  =  0,  x  =  A, 
so  that 

A  =  A  sin  (co  x  0  +  0) 


or 


n 


A  =  A  sin  0  or  sin  0  =  1  or  (p  =  — 


Thus  the  motion  of  the  pendulum  is  given  by 


n 


putting  0  =  — 


A  ■  K 

x  =  A  sin  cot  h — 

l  2 

=  A  cos  cot  =  5  cos  cot 
The  value  of  t  for  which  x  =  2.5  cm  is  given  by 
2.5  =  5  cos  cot 

1  n 

or  cos  cot  =  —  or  cot  =  — 

2  3 

27 it  n  T 

or  -  =  — ,  or  t  =  —  =  1  s. 

T  3  6 


54.  Refer  to  Fig.  13.41.  Let  the  mass  of  the  block  be 
m  and  let,  at  a  certain  instant  of  time,  the  direction 
of  acceleration  a  of  the  table  (executing  simple 
harmonic  motion)  be  along  the  positive  x-direction. 
As  a  result,  the  block  will  experience  a  force  ma 
directed  along  the  negative  x-axis.  Consequently, 
the  force  of  friction  fling  will  act  along  the  positive 
x-axis.  The  weight  mg  of  the  block  will  be  balanced 
by  the  normal  reaction  R.  The  block  will  not  slip  on 
the  surface  of  the  table,  if  the  acceleration  a  of  the 
motion  of  the  table  is  such  that 

/, umg  >  ma  or  jug  >  a 


R 


m 

Tab 

le  Top 

i 

i  M  mrn  I 

d 

LAX 

>  mg  i 

]— 

mg 


Fig.  13.41 

Therefore,  for  no  slipping,  the  table  can  have  a 
maximum  acceleration  «max  =  /ug.  We  know  that, 
for  a  simple  harmonic  motion,  «max  =  or A,  where 
co  is  the  angular  frequency  and  A  the  amplitude  of 
the  motion  of  the  table.  Therefore,  the  maximum 
amplitude  is  given  by 


13.30  Comprehensive  Physics — JEE  Advanced 


max  =  M? 


or 


=  fig  =  ngT- 
max  «2  4?r2 


which  is  choice  (c). 

55.  Let  H  and  .8  be  the  two  extreme  positions  of  the 
particle  with  O  as  the  equilibrium  position.  Dis¬ 
placements  to  the  right  of  O  are  take  as  posi¬ 
tive,  while  to  the  left  of  O  are  taken  as  negative 
(Fig.  13.42) 


-25  cm 


-12.5  cm  Zero 


+  12.5  cm  +  25  cm 


1 


J 


A  D  O  C  B 

Fig.  13.42 

Let  the  displacement  of  the  particle  in  SHM  be 
given  by 

x(t )  =  A  sin  (cot  +  (ji)  (i) 


where  A  =25  cm  and 


2t T  2  71  .  i 

co  =  —  =  —  rad  s 
T  3 


Let  us  suppose  that  at  time  t  =  0,  the  particle  is  at 
extreme  position  B.  Setting  x  =  A  at  t  =  0  in  Eq.  (i) 
we  have 

A  =  A  sin  cp  giving  cp  =  k! 2 
Putting  (p  =  n/2  in  Eq.  (i),  we  get 

x(t)  =  A  cos  cot  (ii) 

where  A  =25  cm. 

Now  let  us  say  that  the  particle  reaches  point  C  at 
t  =  tA  and  point  D  at  t  =  t2.  At  C,  the  displacement 
x(?[)  =  +  12.5  cm  and  at  D,  it  is  x(t2)  =  —  12.5  cm 
(see  Fig.  13.12).  So  from  (ii)  we  have 
+  12.5  =  25  cos  cotx  and 


or 

and 


-  12.5  =  25  cos  cot2 
cos  cot ,  =  +  0.5  or  cot ,  =  nt 3 


_  ,  2n 

cos  cot2  =  -  0.5  or  cot2  =  — 


2k  k  k 
Hence  co(t2  -  tx)  =  — —  —  =  — 


= 


K 

3  co 


T 

~6 


oo - 


2n 


or  (.h  -  h) min  =  -  =  °-5  S 

4  K 

Notice  that  cos  cot2  =  -  0.5  even  for  cot2  =  — 

which  gives  t2  =  2  773  =  4  s  which  does  not 
correspond  to  minimum  value  of  ( t2  —  r ,  ).  Thus  the 
correct  choice  is  (a). 

56.  The  angular  frequency  of  the  system  is 


co  = 


\ _(M  +  m) 


1/2 


(1) 


The  upper  block  of  mass  m  will  not  slip  over  the 
lower  block  of  mass  M  if  the  maximum  force  on  the 
upper  block/max  does  not  exceed  the  frictional  force 
jU/ng  between  the  two  blocks.  Now 

/max  =  "Mmax  =  Amax  ( 2 ) 

where  amax  is  the  maximum  acceleration  and  A  max  is 
the  maximum  amplitude.  Using  (1)  in  (2),  we  get 


=  mk  Ama: 

/max 


(M  +  m) 
For  no  slipping, /max  =  fling 


or 


mk  Amax 

(M  +  m ) 


=  jlmg  or  A 


which  is  choice  (c). 


fi  (M  +  m)  g 


k 


57.  The  blocks  will  move  together  as  long  as  the  fric¬ 
tional  force  of  block  B  =  mass  of  block  B  X  maxi¬ 
mum  acceleration  of  its  S.H.M.,  i.e. 

r  2 

j  =  mco  a 


where 

Thus 


=  kat 2,  which  is  choice  (b). 

58.  Given  y  =  t1.  The  velocity  of  the  lift  varies  with  t  as 


v 


Acceleration  a  =  —  =  2  ms  2  directed  up- 
dt 

wards,  Hence 


and 


T  =2  k 


r  =  pr  =  I  io  =  [i 

T  ]jg  +  a  V(  10  +  2)  v  6 


The  correct  choice  is  (b) 

59.  If  a  force  F  is  applied  to  M,  say  to  the  right,  let  A  be 
the  distance  moved  by  M.  If  the  system  is  released, 
it  executes  simple  harmonic  motion  of  amplitude  A. 
If  A  [  and  A2  are  the  extensions  in  springs  kx  and  k2 
then  A  =  (A  x  +  A2)  and 

F  =  kx  Ax  =  k2  A2 
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F  F 

A  |  =  —  and  A2  =  — 


A  =  Al+  A2=  F 


1  1 

- 1 - 

V*i  k2j 


k\k2 


The  amplitude  of  point  P  =  amplitude  of  oscilla¬ 
tions  of  spring  kx  which  is 


A 


F  k2  A 
k^  (k^  +  k2 ) 


60.  The  force  exerted  on  charge  +Q  by  the  electric  field 
E  is 


F=  QE 


F  = 


k{  k2  A 
(ki  +  k2) 


in  the  direction  of  E  .  Since  F  is  constant,  a  con¬ 
stant  force  is  added  to  the  applied  force.  Hence  only 
the  mean  position  will  change  and  the  frequency  of 
oscillation  will  remain  the  same. 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Which  of  the  following  expressions  represent  sim¬ 
ple  harmonic  motion? 

(a)  x  =  a  sin  (co  t  +  0) 

(b)  x  =  a  cos  (co  t  +  8) 

(c)  x  =  a  sin  co  t  +  b  cos  co  t 

(d)  x  =  a  sin  co  t  cos  co  t 


2.  Choose  the  correct  statements  from  the  follow¬ 
ing  in  which  A:  is  a  real,  positive  constant. 

(a)  Function  /  (?)  =  sin  kt  +  cos  kt  is  simple 
harmonic  having  a  period  2 n  /  k. 

(b)  Function  /  (?)  =  sin  71?  +  2  cos  2  nt  + 
3  sin  3  nt  is  periodic  but  not  simple  hanuonic 
having  a  period  of  2  s. 

(c)  Function  /  (?)  =  cos  kt  +  2  sin2  kt  is  simple 
harmonic  having  a  period  2n  /  k. 

(d)  Function  /  (?)  =  e*  is  not  periodic. 


3.  A  simple  pendulum  of  length  /  and  bob  mass  m 
is  displaced  from  its  equilibrium  position  O  to  a 
position  P  so  that  the  height  of  P  above  O  is  h.  It  is 
then  released.  What  is  the  tension  in  the  string 
when  the  bob  passes  through  the  equilibrium  posi¬ 
tion  02  Neglect  friction.  V  is  the  velocity  of  the 
bob  at  O. 


(a) 


(c)  mg 


S  +  ■ 


V 


l 


(b) 


2  m  gh 


/ 


(d)  mg 


,  2/7 

1  +  — 
/ 


4.  A  trolley  of  mass  m  is  connected  to  two  identi¬ 
cal  springs,  each  of  force  constant  k,  as  shown  in 


Fig.  13.43.  The  trolley  is  displaced  from  its  equi¬ 
librium  position  by  a  distance  x  and  released.  The 
trolley  executes  simple  harmonic  motion  of  period 
T.  After  some  time  it  comes  to  rest  due  to  friction. 
The  total  energy  dissipated  as  heat  is  (assume  the 
damping  force  to  be  weak) 


(a)  —  kx2 
2 


(b)  kx2 


(c) 


0-2  2 

2  n  mx 


(d) 


mx 


k 

m 

k 

(•)  co 

K 


Fig.  13.43 

5.  In  order  to  execute  simple  harmonic  motion,  a 
system  must  have 

(a)  inertia  (b)  moment  of  inertia 

(c)  elasticity  (d)  buoyancy 

6.  The  time  period  of  a  system  executing  simple  har¬ 
monic  motion  depends  upon 

(a)  mass  of  the  system 

(b)  force  constant  of  the  system 

(c)  amplitude  of  the  oscillator 

(d)  phase  constant  of  the  oscillator. 

7.  The  amplitude  of  a  particle  executing  simple  har¬ 
monic  motion  depends  upon 
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(a)  initial  displacement 

(b)  initial  velocity 

(c)  initial  acceleration 

(d)  initial  phase. 

8.  The  displacement  (x)  of  a  particle  as  a  function  of 
time  (t)  is  given  by 

x  =  a  sin  (bt  +  c) 

where  a,  b  and  c  are  constants  of  motion.  Choose 
the  correct  statements  from  the  following: 

(a)  The  motion  repeats  itself  in  a  time  interval 
2; lib 

(b)  The  energy  of  the  particle  remains  constant 

(c)  The  velocity  of  the  particle  is  zero  at 
x  =  ±  a 

(d)  The  acceleration  of  the  particle  is  zero  at 
x  =  ±  a 

9.  Figure  13.44  (a)  shows  a  spring  of  force  constant 
k  fixed  at  one  end  and  carrying  a  mass  m  at  the 
other  end  placed  on  a  horizontal  frictionless  sur¬ 
face.  The  spring  is  stretched  by  a  force  F.  Figure 
13.44  (b)  shows  the  same  spring  with  both  ends  free 
and  a  mass  m  fixed  at  each  free  end.  Each  spring  is 
stretched  by  the  same  force  F.  The  mass  in  case  (a) 
and  the  masses  in  case  (b)  are  then  released. 

Which  of  the  following  statements  are  true? 

(a)  While  oscillating,  the  maximum  extension  of 
the  spring  is  more  in  case  (a)  than  in  case  (b). 

(b)  The  maximum  extension  of  the  spring  is  the 
same  in  both  cases. 

(c)  The  time  period  of  oscillation  is  the  same  in 
both  cases. 

(d)  The  time  period  of  oscillation  in  case  (a)  is 
V2  times  that  in  case  (b). 


'/.A  k  B 

m 

- F 

(a) 


O 


-  - 


(b) 

Fig.  13.44 


10.  A  simple  pendulum  is  oscillating  between  extreme 
positions  P  and  Q  about  the  mean  position  O.  Which 
of  the  following  statements  are  correct  about  the 
motion  of  the  pendulum? 

(a)  At  point  O,  the  acceleration  of  the  bob  is 
different  from  zero 

(b)  The  acceleration  of  the  bob  is  constant 
throughout  the  oscillation 

(c)  The  tension  in  the  string  is  constant  through¬ 
out  the  oscillation 

(d)  The  tension  is  the  maximum  at  O  and  the 
minimum  at  A  or  B. 

11.  Two  springs  A  and  B  have  force  constants  kl  and  k2 
respectively.  The  ratio  of  the  work  done  on  A  to  that 
done  on  B  in  increasing  their  lengths  by  the  same 
amount  is  a  and  the  ratio  of  the  work  done  on  A 
to  that  done  on  B  when  they  are  stretched  with  the 
same  force  is  /i.  Then 


(a)  a=  j- 

(b)  a 

k2 

«=)  IS- f 

An 

(d)  P 

12.  A  body  of  mass  50  g  executing  linear  simple  har¬ 
monic  motion  has  a  velocity  of  3  cms-1  when  its 
displacement  is  4  cm  and  a  velocity  of  4  cms-1  when 
its  displacement  is  3  cm. 

(a)  The  amplitude  of  oscillation  is  5  cm. 

(b)  The  angular  frequency  of  oscillation  is 
1  rad  s'1. 

(c)  The  maximum  kinetic  energy  of  the  oscillator 
is  6.25  x  1 0  5  J. 


(d)  The  maximum  potential  energy  of  the  oscillator 
is  6.25  x  1 0  5  J. 

13.  The  displacement  of  an  oscillating  particle  is 
given  by 

x  =  a  sin(ci)  +  b  cos(ct) 
where  a,  b  and  c  are  constants.  If  A  is  the  amplitude 
of  the  oscillations  and  T  their  time  period,  then 

(a)  A  =  a  +  b  (b)  A  =  \la2  +b2 


(c) 


T= 

c 


(d)  T  = 


2na 

be 


14.  All  the  springs  shown  in  Fig.  13.45  (a),  (b)  and  (c) 
are  identical,  each  having  a  force  constant  k.  If  Ta, 
Th  and  Tc  are  the  time  periods  of  oscillations  of  the 
three  systems  respectively,  then 
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(b) 

Fig.  13.45 


(a)  Ta  =  (b)  Th  =  2TC 

(c)  Ta  =  V2  Tc  (d)  Ta  =  2 Tb=^ 


15.  Two  masses  mx  and  m2  are  suspended  together  by 
a  massless  spring  of  spring  constant  k  (see  Fig. 
13.46).  When  the  masses  are  in  equilibrium,  ml  is 
removed  without  disturbing  the  system.  If  co  is  the 
angular  frequency  of  oscillation  and  x2  the  ampli¬ 
tude  of  oscillation  of  mass  m2,  then  //////// 


_  m\g 


(c)  x2  =  ^ 

(d)  x2  = 


k 

m2g 


m- 1 


m2 


Fig.  13.46 

■  IIT,  1981 


16.  A  simple  pendulum  of  length  L  and  mass  m  is  sus¬ 
pended  from  the  ceiling  of  the  compartment  of  a 
train  that  is  travelling  at  a  constant  speed  v  around 
a  circular  track  of  radius  R.  The  tension  in  the  string 
is  T.  The  time  period  of  the  pendulum  is 

(a)  2k 

(b)  2k  - 

\g 


(c)  2  k 


L 


il/2 


4  y/2 

V 


R2 


J 


(d)  2  k 


17.  A  solid  sphere  of  density  p  and  radius  R  is  float¬ 
ing  in  a  liquid  of  density  a  with  half  its  volume 
submerged.  When  the  sphere  pressed  down  slightly 
and  released,  it  executes  simple  harmonic  motion 
of  time  period  T.  If  viscous  effect  is  ignored,  then 

(a)  o  =  2p  (b)  p  =  2a 

(c)  T  =  2k  —  (d)  T  =  2k  — 

V  3  g  V  2  g 

<  IIT,  2004 

18.  Two  simple  harmonic  motions  are  represented  by 
the  following  equations 


y]  =  10  sin  (12 1  +  1) 

and  y2  =  5  (sin  3nt  +  V3  cos  371?) 

The  ratio  of  their  amplitudes  is  m  and  the  ratio  of 
their  time  periods  is  n.  Then 


(a)  m  = 
(c)  n  = 


2 

3 

3 

2 


(b)  m  =  1 


(d)  n  =  1 

<  IIT,  1986 


19.  A  solid  cylinder  of  mass  m  and  radius  R  is  attached 
to  a  massless  spring  of  force  constant  k  as  shown 
in  Fig.  13.47.  The  cylinder  is  pushed  to  the  right 
a  little  and  released.  It  executes  simple  harmonic 
motion.  The  cylinder  rolls  on  the  horizontal  surface 
without  slipping. 


The  time  period  of  oscillation  is  T.  When  the 
instantaneous  displacement  of  the  cylinder  from 
the  mean  position  is  x,  the  total  energy  of  the 
system  is  E.  Then 

(a)  T=2kJ— 

V  3  m 


(">7=2^ 


(c)  E  = 


—  nnf  +  —kx2 

4  2 


(d)  E  = 


—  nrv2  +  — kx 2 
2  2 
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20.  A  man  is  standing  on  a  weighing  machine  placed 
on  a  horizontal  platform  that  is  executing  vertical 
simple  harmonic  motion  of  angular  frequency  CO. 
The  maximum  and  minimum  readings  of  the  ma¬ 
chine  are  mi  kg  and  m2  kg  respectively.  If  the  true 
mass  of  the  man  is  m  and  A  is  the  amplitude  of  the 
motion  then 

(a)  m  =  -  (ml  +  m2) 


21.  The  displacement  x  of  a  particle  varies  with  time  t 
as 

x  =  A  shfW  +  B  cos 2  col  +  C  sincuf  cos  cot 

For  what  values  of  A,  B  and  C  is  the  motion  simple 
harmonic? 

(a)  All  values  of  A,  B  and  C  with  C  ^  0. 

(b)  A  =  B,  C  =  2 B 

(c)  A  =  -  B,  C  =  2B 

(d)  A  =  B,C  =  0 


(b)  m  = 


’V"2 


(w,  +m2) 


(c)  A 


(mi+m2)  _g_ 

(wi  -m2)  co2 


(d)  A 


(»h  ~m2)  _g_ 
(«i  +  m2)  co1 


■  IIT,  2007 


ANSWERS  AND  SOLUTIONS 

1.  Simple  harmonic  motion  is  represented  by  a  sine 
function  or  a  cosine  function  or  a  linear  combi¬ 
nation  of  them.  Hence  the  correct  choices  are  (a), 
(b)  and  (c).  The  choice  (d)  which  is  a  product 
of  the  two  functions  does  not  represent  a  simple 
harmonic  motion. 

2.  Statement  (a)  is  correct.  The  function /(f)  =  sin  kt 
+  cos  kt  can  be  written  as  f(t)  =  V2  sin  ^kt  +  — j 

or  V2  cos  -  —  j  both  of  which  are  simple 

harmonic.  The  coefficient  of  time  t  in  the  argument 
of  the  sine  or  cosine  function  =  InIT  where  T  is  the 
period.  Hence  k  =  In  IT  or  T=  2k  Ik. 

Statement  (b)  is  also  correct.  Each  term  repre¬ 
sents  simple  hannonic  motion.  The  period  T  of  term 
sin  Kt  is  K  =  2 kIT  or  T  =  2s.  The  period  of  term 
2  cos  iKt  is  Is,  i.e.  772  and  the  period  of  term  3 
sin  3  Kt  is  2/3  s,  i.e.  773.  The  sum  of  two  or  more 
simple  harmonic  motions  of  different  periods  is  not 
simple  hannonic.  The  sum,  however,  is  periodic. 
By  the  time  the  first  term  completes  one  cycle,  the 
second  term  completes  two  cycles  and  the  third 
term  completes  three  cycles.  Thus  the  sum  has  a 
period  of  2s. 

Statement  (c)  is  incorrect.  We  can  write 
f(t )  =  cos  kt  +  2  sin 2kt 
as  f{t )  =  cos  kt  +  (1  -  cos  2 kt) 

=  1  +  cos  kt  -  cos  2 kt 

The  period  of  cos  kt  is  T  =  2k! k  and  of  cos  2 kt  is 
K/k  which  is  772.  As  explained  above,  the  period  of 
the  two  tenns  together  is  T  =  2  Klk.  The  term  1  is  a 
constant  independent  of  time. 

Statement  (d)  is  correct.  Function  e^kt  decreases 
monotonically  to  zero  at  t  — >  °o;  it  never  becomes 
negative.  Hence  it  is  non-periodic. 


3.  P.E.  at  point  P  =  mgh.  If  friction  is  neglected, 
the  potential  is  completely  converted  into  kinetic 
energy  when  the  bob  reaches  the  equilibrium  posi¬ 
tion  O  (see  Fig  13.48).  If  Eis  the  velocity  of  the  bob 


=  mg  + 


2  mgh 
l 


or  F  =  mg 


(v  =  2 gh) 


Hence  the  correct  choices  are  (a)  and  (d). 

4.  In  general,  the  motion  of  a  damped  oscillator  is  not 
simple  harmonic.  If  the  damping  forces  are  weak, 
the  motion  is  very  nearly  simple  harmonic  and  all 
formulae  of  SHM  apply.  The  amplitude  A  =  x.  The 
time  period  T  is 


T=2k 


(i) 


If  the  trolley  eventually  comes  to  rest,  the  entire 
energy  of  oscillation  is  dissipated  as  heat  due  to 
friction.  Hence,  the  total  energy  dissipated  as  heat  is 


E 


1  a2 

-  mA  co 

2 


o  2  2 

2  k  mx 

ji2 

(ii) 
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which  is  choice  (c).  Using  (i)  in  (ii)  we  get 
E  =  kx2 


Hence  choice  (b)  is  also  correct. 

5.  The  correct  choices  are  (a)  and  (c). 

6.  The  correct  choices  are  (a)  and  (b). 

7.  The  correct  choices  are  (a)  and  (b). 

8.  The  motion  of  the  particle  is  simple  harmonic.  The 
displacement  at  time  t  is 

x  =  a  sin  {bt  +  c) 


Displacement  at  time 


(  2  n\ 

\r  2k\ 

at  t  H - 

=  a  sin 

b  \  t  H - +  c 

l  b  J 

LI  b  )  J 

=  a  sin  (bt  +  c  +  2 n) 

=  a  sin  {bt  +  c) 

=  x  at  time  t 

Hence  statement  (a)  is  correct.  Statement  (b)  is 
also  correct  since  the  same  displacement  is  recov¬ 
ered  after  a  time  interval  of  2 nib.  Statement  (c)  is 
correct  because  the  velocity  is  zero  when  the  dis¬ 
placement  =  ±  amplitude  a,  i.e.  at  the  extreme  ends 
of  the  motion.  Statement  (d)  is  incorrect,  the  accel¬ 
eration  is  maximum  (in  magnitude)  at  x  =  ±  a. 

9.  The  maximum  extension  x  produced  in  the  spring 
in  Fig.  13.25  a  is  given  by 
F  =  kx 


or  x  =  F/k 


The  time  period  of  oscillation  is 


T=2n 


mass 


'  force  constant 


2k 


In  case  (a)  one  end  A  of  the  spring  is  fixed  to  the 
wall.  When  a  force  F  is  applied  to  the  free  end  B 
in  the  direction  shown  in  Fig.  13.44a  the  spring  is 
stretched  exerting  a  force  on  the  wall  which  in  turn 
exerts  an  equal  and  opposite  reaction  force  on  the 
spring,  as  a  result  of  which  every  coil  of  the  spring 
is  elongated  producing  a  total  extension  x.  In  case 
(b)  shown  in  Fig.  13.44b,  both  ends  of  the  spring 
are  free.  Therefore,  the  reaction  force  is  absent,  as 
a  result  of  which  every  coil  of  the  spring  is  not 
elongated  when  force  F  is  applied  at  each  end  in  op¬ 
posite  directions.  The  coil  at  point  O  in  the  middle 
of  the  spring  is  not  elongated.  This  situation  can  be 
visualized  as  two  springs  each  of  length  U2  (where 
/  is  the  length  of  the  complete  spring)  are  joined  to 
each  other  at  point  O.  Since  extension  is  propor¬ 


tional  to  the  length  of  the  spring,  the  force  F  applied 
at  end  B  produces  an  extension  x/2  in  the  part  OB 
of  the  spring  and  the  force  F  applied  at  A  produces 
an  extension  x/2  in  the  part  OA.  The  total  extension 

.  ,  ..xx 

in  the  spring  is  —  +  —  =  x. 

2  2 


Thus,  the  maximum  extension  produced  in  the 
spring  in  cases  (a)  and  (b)  is  the  same. 

Now,  the  force  constant  of  half  the  spring  is  twice 
that  of  the  complete  spring.  In  case  (b)  the  force 
constant  =  2  k.  Hence  the  time  period  of  oscillation 
will  be 

r  =  2n 


Hence  the  correct  choices  are  (b)  and  (d). 

10.  Statement  (a)  is  correct.  At  any  position  between 
O  and  P  or  between  O  and  Q,  there  are  two 
accelerations-a  tangential  acceleration  g  sin  a  and  a 
centripetal  acceleration  v2H  (because  the  pendulum 
moves  along  the  arc  of  a  circle  of  radius  /)  where 
/  is  the  length  of  the  pendulum  and  v  its  speed  at 
that  position.  When  the  bob  is  at  the  mean  position 
O,  the  angle  a  =  0,  therefore  sin  a  =  0;  hence  the 
tangential  acceleration  is  zero.  But  at  O,  speed  v 
is  maximum  and  the  centripetal  acceleration  v2H 
is  directed  radially  towards  the  point  of  support. 
When  the  bob  is  at  the  end  points  P  and  Q,  the  speed 
v  is  zero,  hence  the  centripetal  acceleration  is  zero 
at  the  end  points,  but  the  tangential  acceleration  is 
maximum  and  is  directed  along  the  tangent  to  the 
curve  at  P  and  Q.  The  tension  in  the  string  is  not 
constant  throughout  the  oscillation.  At  any  position 
between  O  and  end  points  P  or  Q,  the  tension  in  the 
string  is  given  by  T  =  mg  cos  a.  At  the  end  points 
P  or  Q,  the  value  of  a  is  the  greatest,  hence  the 
tension  is  the  least.  At  the  mean  position  O,  a  =  0 
and  cos  a  =  1  which  is  the  greatest;  hence  tension 
is  the  greatest  at  the  mean  position. 


11.  Fj  =  kxx,  F 2  =  k2x. 


Work  done 


Wx  =  —  kxxr  and  W2  =  —  k^x1 


a  = 


W2  k2 

When  the  springs  are  stretched  by  the  same  force 
F,  the  extensions  in  springs  A  and  B  are  x,  and  x2 
respectively  which  are  given  by 


F  =  klxl  =  k2  x2  or 


a 

x2 


b, 

K 


(i) 


1  ,  1  9 

Work  done  Wl  =  —  kt  x{  and  W2  =  —  k2  x2 


13.36  Comprehensive  Physics — JEE  Advanced 


W^_  =  k l  x[ 

W~2  ~  h  '4 

Using  (i)  and  (ii)  we  get 


(ii) 


Hence  the  correct  choices  are  (a)  and  (d). 

12.  In  SHM,  the  velocity  V at  a  displacement  x  is  given 
by 

V=  co(A2-x2)112 
or  V2  =  or  (A2  -  x2) 

Now  F=3cms_1  when  x  =  4  cm.  Therefore, 


9  =  a?  (A2  -  16)  (i) 

Also  F=4cms_1  when  x  =  3  cm.  Therefore, 
16  =  nr  (A2 -9)  (ii) 


Simultaneous  solution  of  Eqs.  (i)  and  (ii)  gives 
Amplitude  A  =  5  cm 

Putting  A  =  5  cm  in  Eq.  (i)  above  we  get  ft)  = 
1  rad  s'1. 

Maximum  kinetic  energy  =  maximum  potential 
energy  =  total  energy  which  is  E  =  —  mA2OT 

=  |  x  (50  x  10~3)  x  (5  x  10~2)2x  (l)2 
=  6.25  x  1 0  5  J 


Hence  all  the  four  choices  are  correct. 

13.  The  correct  choices  are  (b)  and  (c). 

14.  The  correct  choices  are  (a),  (b)  and  (c).  In  case 
(b),  the  equivalent  force  constant  of  the  series 
combination  is  ks  =  kJ 2  and  in  case  (b),  the  equiva¬ 
lent  force  constant  of  the  parallel  combination  is 
kp  =  2k. 

15.  Let  Xf  be  the  extension  produced  in  the  spring 
when  it  is  loaded  with  mass  m2  alone  and  x2  be  the 
further  extension  when  mass  ml  is  added  to  mass 
m 2  so  that  jc  =  x1  +x2  is  the  total  extension  produced 
by  m |  +  m2  (see  Fig.  13.49).  Thus  we  have, 

For  equilibrium  state  of  m2 

m2  g  =  kx\  (1) 

For  equilibrium  state  of  (ml  +  m2) 

(, ml  +  m2)g  =  k(x)  =  k(xl  +  x2)  (2) 

When  the  mass  ml  is  removed,  the  mass  m2  will 
move  upwards  under  the  unbalanced  force  =  ml  g. 
Hence 

Restoring  force  (F)  on  m2  =-mxg 


(m- 1  +  m2)g 


Fig.  13.49 

Subtracting  ( 1 )  and  (2)  we  have 

mxg  =  kx2  (3) 

Hence,  Restoring  force  on  m2  =  -  kx-, 

,  acceleraang  of.,- -  =  -T  j, 

m2  m2 

i.e.,  acceleration  oe  —  displacement 
Angular  frequency  is  ft)  = 

Frequency  of  oscillation  is 
ft)  _  1 

2k  2  n 

It  is  clear  that  A  is  the  equilibrium  position  of  m2 
and  B  its  maximum  displacement  position.  Hence 
AB  =  x2  is  the  amplitude  of  oscillation  of  m2  which 
from  Eq.  (3)  is  given  by 

Amplitude  =  x2  =  — ^ — 
k 

Thus  the  correct  choices  are  (a)  and  (d). 

16.  Since  the  train  is  moving  in  a  circle,  it  is  in  an 
accelerated  (non-inertial)  frame  of  reference. 
Hence,  a  fictitious  (centrifugal)  force  mv2/R  is  to 
be  introduced  as  shown  in  Fig.  13.50.  This  force 
is  horizontal.  Consequently,  the  equilibrium  posi¬ 
tion  of  the  pendulum  will  not  be  vertical;  it  will  be 
inclined  at  an  angle  6  with  the  vertical.  If  T  is  the 
tension  in  the  string  in  this  position,  it  follows  from 
the  figure  that 

m  v2 

T  cos  0  =  mg  and  T  sin  0  =  - 

R 
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Vertical 


Fig.  13.50 

Squaring  and  adding  we  get 


T2  =  0 mg f  + 


(  m  3 


R 


f 


or 


T  =  777 


V  JV  J 

4x1/2 


2  V 
g  +~2 
V  R2  y 


mge 


where  the  effective  value  of  acceleration  due  to 
gravity  is 


ge 


f  „4  V'2 

2  V 

s  +TT 


V 


iU 


Time  period  =  2k 


\ge 


-|l/2 


The  correct  choices  are  (a)  and  (c). 
17.  Mass  of  sphere  is 

777  =  y  7tA,  !  p  =  Vp 


(1) 


where  V  is  the  volume  of  the  sphere.  The  volume 
of  sphere  under  water  =  volume  of  water  displaced 

V  , 

=  —  .  If  <7  is  the  density  of  water,  the  upthrust  is 

U=  |( Vog ) 

From  the  law  of  floatation,  upthrust  =  weight  of  the 
sphere,  i.e.  U=  mg  or 

2,  (Vog)  =  Vpg 

or  o=  2p  (2) 

If  the  sphere  is  pressed  down  through  a  small  dis¬ 
tance  x  (see  Fig.  13.51),  the  volume  of  water  dis¬ 
placed  due  to  this  pressing  =  volume  of  a  disc  of 
radius  R  (since  the  half  the  sphere  is  submerged) 
and  thickness  x  which  is  kR2  x.  Hence,  upthrust 
due  to  this  pressing  is  nR2 xog,  which  provides  the 
restoring  force.  Hence  the  restoring  force  acting  on 
the  sphere  when  it  is  released  is  given  by 


F  =  -  nR2<Jgx 

Equilibrium 


Therefore,  the  acceleration  of  the  sphere  is  [use 
Eq.(l)] 


_  F  _  kR2<7  g  x  _  3 g 

777  4  3 


kR  p 


\p)  R 


Using  Eq.  (2)  we  get 
^  3  g  ^ 


a  = 


2  R 


=  -  ofx 


(3) 


which  gives  T=  2 n.  —  .  Hence  the  correct  choices 
V  3g 

are  (a)  and  (c). 

18.  The  two  simple  harmonic  motions  are  represented 
by  equations 

( 1 2n  t  7 r' 


gi  «  10  sin 
=  10  sin 


V  4 

o  ,  K 

3  Kt  -\ — 
4 


and 


y2=  5  sin  3nt  +  5  V3  cos  37 xt 


(1) 


(2) 


Refer  to  the  solution  of  Q.13  of  this  section.  The 
correct  choices  are  (b)  and  (d).  The  amplitude  of 

2 

each  =  10  units  and  the  time  period  of  each  =  — 
second. 

19.  Total  energy  =  translational  K.E.  +  rotational  K.E. 
+  P.E.  stored  in  spring 

1  ?  1^9  1,9 

=  —  mv~  +  —  lor  +  —  kx~ 

2  2  2 


1  2  1  /l  „2\(V 

=  —  mvz  +  —  —  mR  — 

2  2  \2  l\R 

3  9  1  9 

E  =  —  mv  +  —  kx 

4  2 


+  -  kx 2 


(1) 
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Now,  the  total  energy  of  the  system  must  remain 

•  dE  n 
constant,  i.e.  —  =  0. 
dt 

Differentiating  Eq.  (1)  with  respect  to  time  t  and 
•  dE  n 

setting  —  =  0,  we  have 
dt 


dE 


dt 


dv 


—  =  0  =  —  m  2v  —  +  —  k  \2x  — 


dt 


1 


dx 


dt 


Now  acceleration  a  =  —  and  velocity  v  =  —  . 


dt 


dt 


Therefore,  —  mva  +  kvx  =  0 
2 


or  v  \  —ma  +  kx\  =  0 

\2 


Since  v  it  0,  we  have 


or 


—  ma  +  kx  =  0 

a  —  —  f—  —  ]x  =  —  m2x 
V3  m 


(2) 


or 


x  = 


1 

2 


(A  +  B)  + 


1 

2 


(B  ~A)cos2cot 


+  —  sin2  cot  (1) 

2 

Choice  (a):  Equation  (1)  can  be  written  as 

x  =  x0  +  a  cos2 cot  +  b  sin2 cot  (2) 

1  1  C 

where  x0  =  —  (A  +  B),  a  =  —(B- A)  and  b  =  —  . 

Equation  (2)  can  be  recast  as 


x  =x0  +  H0sin(2m  +  </>)  (3) 

where  A0  =  ( a 2  +  b2)112  and  tan  tj)  =  alb.  Equation 
(3)  represents  a  simple  harmonic  motion  of  angu¬ 
lar  frequency  2m,  amplitude  =  x0  +  A0  and  phase 
constant  </>. 


Choice  (b):  For  A  =  B  and  C  =  2 B,  Eq.  (1)  be¬ 
comes 

x  =  B  +  B  sin2 cot  =  B(  1  +  sin2m?) 

This  equation  represents  a  simple  harmonic  motion 
of  amplitude  2  B  and  angular  frequency  2  m. 


where 


m  = 


[2k  rr  ^  ^  [2k 

.  —  .  Hence  T—  2nd — 
V  2  m  V  m 


Choice  (c):  For  A  =  -  B  and  C  =  2 B,  Eq.  (1) 
becomes 

x  =  B  cos2 cot  +  B  sin2 cot 


The  correct  choices  are  (a)  and  (c). 

20.  mg  +  morA  =  mxg  and  mg  -  mar  A  =  m2g.  Form 
these  equations,  we  find  that  the  correct  choices  are 
(a)  and  (d). 

21.  The  displacement  equation  can  be  rewritten  as 


ABC 
x  =  —  ( 1  -  cos2mt)  +  —  (1  +  cos2m?)  +  —  sin2  cot 


which  represents  a  simple  harmonic  motion  of 
amplitude  B ,  angular  frequency  2m  and  phase 
constant  n/4. 

Choice  (d):  For  A  =  B  and  C  =  0,  Eq.  (1)  reduces  to 
x  =  A 

which  does  not  represent  simple  harmonic  motion. 
Hence  the  correct  choices  are  (a),  (b)  and  (c). 


% 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

Two  light  springs  of  force-constants  kx=  1.8  Nm  1  and  k2 
=  3.2  NuT1  and  a  block  of  mass  m  =  200  g  are  arranged  on 
a  horizontal  frictionless  table  as  shown  in  Fig.  13.52.  One 
end  of  each  spring  is  fixed  on  rigid  supports  and  the  other 
end  is  free.  The  distance  CD  between  the  free  ends  of 
the  springs  is  60  cm  and  the  block  moves  with  a  velocity 
v  =  120  cm  s-1  between  the  springs. 
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1.  When  the  block  moves  towards  the  spring  k2,  the 
time  taken  by  it  to  move  from  D  upto  the  maximum 
compression  of  spring  k2  is  (in  seconds) 
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(a) 

n 

(b) 

(c) 

n 

3 

(d) 

2. 


When  the  block  moves  towards  spring  k1,  the  time 
taken  by  it  to  move  from  C  upto  the  maximum  com¬ 
pression  of  kx  is  (in  seconds) 


(a)  n 


(b) 


2  n 

T 


(c) 


n 

y 


(d) 


n 

4 


3.  The  period  of  oscillation  of  the  block  between  the 
springs  is  (in  second) 


(a) 


(b) 


(c)  |1  +  — 
'  12 


(d)  \\  +  — 

1  12 


SOLUTION 


1.  Time  taken  by  block  to  move  from  D  upto  the  maxi¬ 
mum  compression  of  spring  k2  =  half  the  time  pe¬ 
riod  of  oscillation  of  the  block  if  it  were  attached  to 
the  free  end  of  k2,  i.e. 


2. 


3. 


The  correct  choice  is  (d). 


=  —  second 
4 


T  1  [m  1 
Similarly  tj  =  —  =  —x2n\ —  =  —  x2 n 

2  2  V  k\  2 

=  —  second 
3 

Time  period  of  oscillation  of  block  is 
T  =  time  taken  by  the  block  to  move  freely  from  C 
to  D  and  from  D  to  C  =  tx  +  t2 

2  x 60cm  +  n  n  _  /  ln\ 

120cms_1  3  4  \  12/’ 

which  is  choice  (d). 


Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

Aunifonn  cylinder  of  length  L  and  mass  M  having  cross- 
sectional  area  A  is  suspended,  with  its  length  vertical, 
from  a  fixed  point  by  a  massless  spring,  such  that  it  is 
half  submerged  in  a  liquid  of  density  a  at  equilibrium 
position.  When  the  cylinder  is  given  a  small  downward 
push  and  released,  it  starts  oscillating  vertically  with  a 
small  amplitude. 

<  IIT,  1990 

4.  The  extension  x0  of  the  spring  when  it  is  in  equilib- 


num  is 

(.)  ^ 
k 

(b) 

g 

k 

(M  -  LA  a) 

(d) 

g_ 

k 

[m  +  ^LAc 

5.  If  the  cylinder  is  given  a  small  downward  displace¬ 
ment  x  from  the  equilibrium  position  and  released, 
the  restoring  force  F  acting  on  it  is 


(a)  -  Mgx 


(b)  -  (k  +  A  ag)x 


(c )=-\k-^-Aog\x  (d)  -  \k  +  ^-Acrg\x 


6.  The  time  period  T  of  the  vertical  oscillations  of  the 
cylinder  is 

,  ,  0  Im 

(a)  2n  J— 


(b)  2 n 


M 


k  +  -Aog 


1/2 


(c)  2  k 

M 

(k-Acrg) 

(d)  2 n 

M  "I1 

_k  +  Aag  _ 

1/2 


1/2 
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SOLUTION 

4.  The  upthrust  on  the  cylinder  with  half  its  length 
submerged  in  the  liquid  is  given  by 

U  =  weight  of  the  liquid  displaced  by 
a  length  Lt  1  of  the  cylinder 


is 


Acg  and  the  force  in  the  spring  is 


k  (jc0  +  x).  Hence,  the  restoring  force  on  the 
cylinder  is 


=  A  x 


L 

2 


xcxg  =  ~  (Acg) 


F  =  - 


k(x0  +  x)  - 


(2) 


5. 


Let  x0  be  the  extension  of  the  spring  when  it  is  in 
equilibrium.  Then 

kx0  =  Mg  -  ^  (Ac g)  (1) 

The  correct  choice  is  (c). 

Let  v  be  the  small  downward  displacement  given 
to  the  cylinder  so  that  the  submerged  length  of 

the  cylinder  is  now  |^  +  x|  and  the  extension 

of  the  spring  is  now  (x0  +  x).  The  upthrust  now 


Using  Eq.  (1)  in  Eq.  (2),  we  have 
F  =  —  (kx  +  Acgx) 
or  F  =  -(k  +  Acg)x 


Thus  the  correct  choice  is  (b) 

The  acceleration  of  the  cylinder  is 


F 

a  =  — 
M 


k  +  Acg] 
M  I 


(3) 


.  2 
Comparing  Eq.  (3)  with  a  =  -  OTx,  where  ft)  = 

2 n!T,  we  find  that  the  correct  choice  is  (d). 


Questions  7  to  9  are  based  on  the  following  passage 
Passage  III 

One  end  of  a  light  spring  of  force  constant  k  is  fixed  to 
a  block  of  mass  M  placed  on  a  horizontal  frictionless 
surface,  the  other  end  of  the  spring  being  fixed  to  a  wall. 
The  spring-block  system  is  executing  simple  harmonic 
motion  of  amplitude  A  and  frequency  V.  When  the  block 
is  passing  through  the  equilibrium  position,  an  object  of 
a  mass  m  is  gently  placed  on  the  block.  As  a  result,  the 
frequency  of  the  system  becomes  V '  and  the  amplitude 
becomes  A'. 


7.  The  ratio  v'/v  is 

,  ,//  J/2 

(a) 


M  +  m 


(b) 


in  'i 

M  +  m  ) 


(C) 


M  A 
mA' 


(d) 


(M  +  m)A' 
mA 


1/2 


8.  If  v  and  v'  are  the  velocities  before  and  after  the 
object  is  placed  on  the  block,  then  the  ratio  v'/v  is 


(a) 


M 


(M  +  m) 

M  +  mkA' 


(c) 

\M  —  m  J  A 
9.  The  ratio  A'/A  is 


(a) 

(c) 


(b) 

(d) 


M  +  m 
m 

M  —  mb  A 


M  +  m  JA' 


fM  +  mi 

1/2 

(b) 

Am 

V  m  ) 

A'(M  +  m) 

(  M  } 

1/2 

(d) 

A'(M  +  m) 

\M  +  m  J 

AM 

1/2 


1/2 


SOLUTION 


7.  The  frequency  of  the  system  before  the  object  is 
placed  on  the  block  is  given  by 


J_  lk_ \1/2 

27 Am) 


After  the  object  of  mass  m  is  placed  on  the  block, 
the  new  frequency  of  the  system  becomes 


v  = 


1 


— 1 1  /  2 


In  LM  +  m J 


which  is  choice  (a) 

8.  From  conservation  of  momentum,  we  have 
Mv  =  (M  +  m)v' 

v'  M 

or  —  =  - . 

v  (M  +  m ) 

So  the  correct  choice  is  (a). 
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9.  From  the  principle  of  conservation  of  energy  we 
know  that  the  kinetic  energy  of  the  block  when 
it  is  passing  through  the  equilibrium  position 
=  potential  energy  of  the  spring  when  the  displace¬ 
ment  is  equal  to  the  amplitude. 

Thus  we  have 


(M  +  m) 

l  V  ) 

.  M  . 

M  VM  +  ffi|1/2 
M  +  m  AM) 


and 


1,1, 

-  Mv~=  -  kA2 
2  2 


M  1 
M  +  m  ) 


1  ,  1 

—  {M+m)v'  =  —  kA 


>2 


which  is  choice 


(c). 


Questions  10  to  12  are  based  on  the  following  passage 
Passage  IV 

Three  simple  harmonic  motions  in  the  same  direction 
having  the  same  amplitude  a  and  the  same  period  are 
superposed.  Each  motion  differs  from  the  preceding 
motion  by  a  phase  0  =  45°. 

<  IIT,  1999 

10.  The  amplitude  of  the  resulting  simple  harmonic 
motion  is 

(a)  (1  +  V2)a  (b)  (1  +  V3  )a 

SOLUTION 

10.  xx  =  a  cos  cot 

x2  =  a  cos  (cot  +  0 ) 
x3  =  a  cos  (cot  +  20) 

where  (j)  =  45°.  From  the  principle  of  superposition, 
the  resultant  motion  is  given  by 

X  =  xx  +  x2  +  x3 

=>  x  =  a  cos  cot  +  a  cos  (cot  +  <t>)  + 

a  cos  (cot  +  2 0) 

It  can  be  shown  that  the  resultant  displacement  x  for 
N  collinear  simple  harmonic  motions  of  the  same 
amplitude  a  and  differing  in  phase  by  0  is  given 

by 

x  =  R  cos  (cot  +  8) 


(c)  (d)  -J= 

11.  The  phase  of  the  resultant  motion  relative  to  the 
first  motion  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  90° 

12.  If  the  energy  associated  with  each  motion  is  E,  the 
total  energy  of  the  resultant  motion  is 

(a)  3 E  (b)  (1  +  V2  )E 

(c)  (3  +  V2  )E  (d)  (3  +  2V2  )E 


where  R  _  -  sin  W/ 2)  an(|  g  _  (N-IH 

sin  (0/2)  2 

„  „  a  sin  (30/2) 

For  N  =  3,  R  =  - — — - 

sin  (0/2) 

a  (sin0  cos0/2  +  cos0  sin0/2 
sin  0/2 

=  a  (sin  45°  cot  22.5°  +  cos  45°) 
=  a  (V2  +1) 

11.  5=  -  (3  -  1)  x  45°  =  45° 

2 

r2 

12.  Total  energy  =  —  x  energy  of  any  one  motion 

a~ 

=  (V2  +  1  )2E  =  (3  +  2V2  )E 


Questions  13  to  15  are  based  on  the  following  passage 
Passage  V 

Phase  space  diagrams  are  useful  tools  in  analyzing  all 
kinds  of  dynamical  problems.  They  are  especially  useful 


in  studying  the  changes  in  motion  as  initial  position  and 
momentum  are  changed.  Flere  we  consider  some  simple 
dynamical  systems  in  one-dimension.  For  such  systems, 
phase  space  is  a  plane  in  which  position  is  plotted  along 
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horizontal  axis  and  momentum  is  plotted  along  vertical 
axis.  The  phase  space  diagram  is  x(t)  vs.  p(t)  curve  in 
this  plane.  The  arrow  on  the  curve  indicates  the  time 
flow.  For  example,  the  phase  space  diagram  for  a  particle 
moving  with  constant  velocity  is  a  straight  line  as  shown 
in  the  Fig.  13.53.  We  use  the  sign  convention  in  which 
position  or  momentum  upwards  (or  to  right)  is  positive 
and  downwards  (or  to  left)  is  negative. 

<  IIT,  2011 

13.  The  phase  space  diagram  for  a  ball  thrown  verti¬ 
cally  up  from  ground  is 


(a) 


Momentum 


(c) 


Momentum 


Fig.  13.53 

14.  The  phase  space  diagram  for  simple  harmonic 
motion  is  a  circle  centered  at  the  origin.  In  Fig. 
13.54,  the  two  circles  represent  the  same  oscilla¬ 
tor  but  for  different  initial  condition,  and  Ex  and 
E2  are  the  total  mechanical  energies  respectively. 


Then 

(a) 

Ei 

=  s/2E2 

(b) 

Ex 

=  2  E2 

(c) 

Ex 

r  ^ 

II 

(d) 

Ex 

=  16  E2 

15.  Consider  the  spring-mass  system,  with  the  mass 
submerged  in  water,  as  shown  in  Fig.  13.55.  The 
phase  space  diagram  for  one  cycle  of  this  system  is 


Fig.  13.55 


Momentum 


Momentum 


Momentum 


Fig.  13.56 


SOLUTION 


13.  According  to  the  given  sign  convention,  position 
(x)  remains  positive  and  momentum  is  positive 


when  the  body  is  moving  upwards  and  becomes 
zero  when  it  reaches  the  highest  point  after  which 
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the  momentum  (p )  becomes  negative.  Hence  the 
correct  graph  is  (d). 

14.  Energy  of  simple  harmonic  oscillator  is 


h. 

e2 


(2  \2 

—  =  4.  So  El  =  4 E2 

V  a  J 


E=  -kA2 
2 

where  k  is  the  force  constant  and  A  the  amplitude 
of  the  oscillator.  Since  the  oscillator  is  the  same, 
the  value  of  k  is  the  same.  Hence 

El  =  —  kA 2  and  E2  =  —  kA2 


Now  Al  =  maximum  value  of  displacement  of 
oscillator  having  energy  E1  =  la  and  A2  =  a. 
Therefore 


15.  Due  to  upthrust,  the  spring  will  be  compressed. 
Due  to  damping  by  the  liquid,  the  final  position 
will  be  smaller  than  the  initial  position.  Hence 
choices  (c)  and  (d)  are  not  possible.  Due  to 
buoyancy,  the  block  will  move  upwards.  Hence, 
according  to  the  given  sign  convention,  posi¬ 
tion  (x)  is  positive  initially.  When  the  system  is 
released,  x  will  decrease  and  momentum  (p )  will 
increase  becoming  maximum  when  the  system 
reaches  the  mean  position  (x  =  0)  after  which  the 
momentum  will  decrease  to  zero  when  the  oscil¬ 
lator  reaches  the  extreme  position,  after  which 
the  momentum  becomes  negative.  Hence  the 
correct  graph  is  (b). 


Matrix  Match  Type 

1.  Column  I  describes  some  situations  in  which  a  small  object  moves.  Column  II  describes  some  characteristics 
of  these  motions.  Match  the  situations  in  Column  I  with  the  characteristics  in  Column  II. 


Column  I 

(a)  The  object  moves  on  the  x-  axis  under  a 
conservative  force  in  such  a  way  that  its  “speed” 

and  “position”  satisfy  v  =  cx  c2  - x 2  where  Cj 
and  c2  are  positive  constants. 

(b)  The  object  moves  on  the  x-axis  in  such  a  way 
that  its  velocity  and  its  displacement  from  the 
origin  satisfy  v  =  —  kx,  where  k  is  a  positive 
constant. 

(c)  The  object  is  attached  to  one  end  of  a  mass¬ 
less  spring  of  a  given  spring  constant.  The  other 
end  of  the  spring  is  attached  to  the  ceiling  of 
an  elevator.  Initially  everything  is  at  rest.  The 
elevator  starts  going  upwards  with  a  constant 
acceleration  a.  The  motion  of  the  object  is 
observed  from  the  elevator  during  the  period  it 
maintains  this  acceleration. 

(d)  The  object  is  projected  from  the  earth’s  surface 
vertically  upwards  with  a  speed  2  -J GMe /Re  , 
where  Me  is  the  mass  of  the  earth  and  Re  is  the 
radius  of  the  earth.  Neglect  forces  from  objects 
other  than  the  earth. 


Column  II 

(p)  The  object  executes  a  simple  harmonic 
motion 


(q)  The  object  does  not  change  its  direction 


(r)  The  kinetic  energy  of  the  object  keeps  on 
decreasing. 


(s)  The  object  can  change  its  direction  only 
once. 


<  IIT,  2007 
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2.  Column  I  gives  a  list  of  possible  set  of  parameters  measured  in  some  experiments.  The  variations  of  the  param¬ 
eters  in  the  form  of  graphs  are  shown  in  Column  II.  Match  the  set  of  parameters  given  in  Column  I  with  the 
graphs  given  in  Column  II. 

Column  I  Column  II 


(a)  Potential  energy  of  a  simple  pendulum  (y  axis)  as 
a  function  of  displacement  ( x  axis) 


(b)  Displacement  (y  axis)  as  a  function  of  time 
(x  axis)  for  a  one  dimensional  motion  at  zero  or 
constant  acceleration  when  the  body  is  moving 
along  the  positive  x-direction 


(c)  Range  of  a  projectile  (y  axis)  as  a  function  of  its 
velocity  (x  axis)  when  projected  at  a  fixed  angle 


(d)  The  square  of  the  time  peroid  (y-axis)  of  a  simple 
pendulum  as  a  function  of  its  length  (x  axis). 


ol 


x 


(s) 


■  IIT,  2008 


ANSWERS 


1.  (a)  The  velocity  r  of  a  body  executing  simple  hannonic  motion  is  related  to  displacement  x  as 
v  =  (0  ' Ja 2  -x2 

where  co  ands  A  are  positive  constants.  The  given  equation  v  =  c1  \]c2  —x2  is  similar  to  the  above  equa¬ 
tion.  Hence  the  body  executes  simple  harmonic,  motion,  which  is  choice  (p). 

(b)  It  follows  from  equation  v  =  -  kx  that  v  =  0  at  x  =  0,  i.e.  object  comes  to  rest  at  x  =  0.  Thus  the  object 
starting  from  a  negative  x  value  comes  to  rest  at  x  =  0;  its  velocity  (and  hence  kinetic  energy)  decrease 
with  time.  Hence  correct  choices  are  (q)  and  (r). 

(c)  For  an  observer  in  the  reference  frame  of  the  elevator,  a  constant  force  acts  on  the  object.  This  is  a 
pseudo  force.  Hence  the  motion  of  the  object  remains  simple  harmonic,  which  is  choice  (p). 


(d)  Since  the  speed  of  the  object  is  times  the  escape  velocity  (ve  =  ^2GM(J  R(,  j ,  the  direction  of  motion 
of  the  object  does  not  change  (since  the  forces  exerted  by  objects  other  than  the  earth  are  neglected)  and 
the  speed  of  the  object  keeps  decreasing.  Hence  the  correct  choices  are  (q)  and  (r). 


(a)  ->  (p)  (b)  — >  (q),  (r)  (c)  (p) 

2.  (a)  The  potential  energy  of  a  simple  pendulum  is  given  by  U  = 


(d)  ->  (q),  (r) 

1  2  ,  •  , 

—  kx  where  x  is  the  displacement  and  k 


is  the  force  constant.  U  is  maximum  where  x  =  ±  A,  where  A  is  the  amplitude  and  minimum  at  x  =  0. 
Hence  the  correct  graph  is  (p). 
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(b)  For  one-dimensional  motion  with  constant  velocity  ( a  =  0),  displacement  S  =  vt  (i.e.  s  t)  and  with 
constant  acceleration  S  =  ut  +  —  at1,  i.e.  S  °c  t2.  Hence  the  correct  choices  are  (q)  and  (s). 

2 

(c)  For  a  projectile,  range  R  °c  u  ,  where  u  is  the  speed  of  projection.  Hence  the  correct  graph  is  (s). 

4^2/ 

(d)  For  a  simple  pendulum,  T2  =  - .  Hence  the  correct  choice  is  (q). 

g 

(a)  ->  (p)  (b)  (q),  (s)  (c)  (s)  (d)  (q) 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  Statement- 1 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

If  a  spring  of  force  constant  k  is  cut  into  two  equal 
halves,  the  force  constant  of  each  half  is  2k. 

Statement-2 

When  an  elastic  spring  is  extended  by  an  amount  x, 
1  , 

the  work  done  is  —  kx  . 

2 

2.  Statement-1 

A  particle  executes  simple  harmonic  motion  be¬ 
tween  x  =  —  A  and  x  =  +  A.  The  time  taken  for  it  to 
go  from  x  =  0  to  x  =  AH  will  be  less  than  the  time 
taken  for  it  to  go  from  x  =  AH  to  x  =  A. 

Statement-2 

In  simple  harmonic  motion,  the  speed  of  the  par¬ 
ticle  is  the  maximum  at  the  mean  position  x  =  0  and 
decreases  as  it  moves  towards  the  extreme  position 
becoming  zero  at  x  =  A. 

3.  Statement-1 

A  body  is  executing  simple  harmonic  motion.  At 
a  displacement  x,  its  potential  energy  is  Ex  and  at 
a  displacement  y,  its  potential  energy  is  E2.  The 
potential  energy  at  a  displacement  (x  +  y )  is 
E=^E1+E1_. 


Statement-2 

For  a  body  executing  simple  harmonic  motion,  the 
potential  energy  is  proportional  to  the  square  of  its 
displacement  from  the  mean  position. 

4.  Statement-1 

The  time  period  of  a  simple  harmonic  oscillator 
depends  upon  its  amplitude  and  force  constant. 

Statement-2 

The  frequency  of  a  simple  harmonic  oscillator  is 
determined  by  elasticity  and  inertia. 

5.  Statement-1 

The  amplitude  and  phase  constant  of  a  particle  in 
SHM  are  detennined  from  its  initial  displacement 
and  initial  velocity. 

Statement-2 

The  amplitude  and  phase  constant  of  SHM  depend 
on  the  magnitude  of  the  restoring  force. 

6.  Statement-1 

The  displacement  of  a  particle  is  given  by 
x  =  a  sin  ( bt  +  c ) 

This  equation  suggests  that  the  time  period  of  mo¬ 
tion  of  2  nib. 

Statement-2 

The  same  value  of  x  is  obtained  at  t  =  t  and  at  t'  =  t 
+  2  nib. 

7.  Statement-1 

The  displacement  of  a  simple  hannonic  oscillator 
is  given  by 

x  =  A  sin(<yt  +  <j>) 

This  equation  suggests  that  the  energy  of  the  oscil¬ 
lator  remains  constant. 
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Statement-2 

The  same  value  of  x  is  obtained  after  an  interval 
equal  to  the  time  period  of  the  oscillator. 

8.  Statement-1 

The  time  period  of  a  simple  pendulum  is  indepen¬ 
dent  of  the  mass  of  the  bob. 

Statement-2 

The  restoring  force  does  not  depend  on  the  mass  of 
the  bob. 

9.  Statement-1 

For  small  amplitudes,  the  motion  of  a  simple 
pendulum  is  simple  harmonic  of  time  period 
T=  .  For  larger  amplitudes,  the  time  period 

is  greater  than  2  njlig  . 

SOLUTION 


Statement-2 

For  larger  amplitude,  the  speed  of  the  bob  is  greater 
when  it  passes  through  the  mean  position. 

10.  Statement-1 

For  an  oscillating  simple  pendulum,  the  tension  in 
the  string  is  constant  at  T"  mg  for  all  positions  of 
the  bob. 

Statement-2 

The  tension  in  the  string  will  not  remain  constant 
at  T  =  mg  because  the  speed  of  the  bob  is  different 
at  different  positions. 


1.  The  correct  choice  is  (b).  The  force  required  to 
extend  the  spring  by  an  amount  x  is  given  by 

F  =kx  (1) 

If  the  spring  cut  into  two  equal  halves,  the  same 
force  F  will  produce  half  the  extension  because  the 
extension  is  directly  proportional  to  the  length  of 
the  spring.  Hence 


F  =  k'  x'  =  k'  - 
2 

From  (1)  and  (2),  we  get  k'  =  2k. 

2.  The  correct  choice  is  (a). 

3.  The  correct  choice  is  (d). 


(2) 


E,  =  —  mco2  : 
1  2 


where  k  = 


4%  =. 


777ft) 


=  xk  ( 1 ) 


mco 


Et=  —  mo}  v2 
2  2 


and  is  =  ^  mar  (x+y)2  => 

From  (1),  (2)  and  (3),  we  get 


=yk  (2) 

Vz?  ={x+y)k  (3) 


4.  The  correct  choice  is  (d). 

5.  The  correct  choice  is  (c). 

6.  The  correct  choice  is  (a).  The  value  of  x  at  t'  =  t  + 
2  nib  is 


x  =  a  sin 


b 


=  a  sin[/)t  +  2n+  c] 

=  a  sin (bt  +  c)=x  [  v  sin(  0  +  2k)  =  sin  0] 

7.  The  correct  choice  is  (a). 

8.  The  correct  choice  is  (c).  The  restoring  force  when 
the  string  makes  an  angle  6  with  the  vertical  is  giv¬ 
en  by  F  =  -  mg  sin  6,  which  depends  upon  m. 

9.  The  correct  choice  is  (b).  Restoring  force  is  F 
=  -  mg  sin  0  or  F  =  mge  where  ge  =  g  sin  0. 
For  small  oscillations,  0  is  small  so  that  sin  0  —  0 
(here  0  is  in  radian)  and  the  effective  value  of  g  is 
ge0.  For  larger  oscillations  g  sin  0  is  less  than  g0 
because  sin  0<  0.  Hence  T  is  greater  than  2n^jll g  . 

10.  The  correct  choice  is  (d).  The  tension  in  the  string 
is  given  by 

t  ou-  mvl 

T  =  mg  cos  0  +  - 


•Je  =  414 + 4F2 


where  /  =  length  of  the  pendulum,  v  its  speed  when 
the  string  makes  an  angle  0  with  the  vertical. 


E  -  Ex  +  E2  + 


2  tJE\E2 


Simple  Harmonic  Motion  13.47 


# 

Integer  Answer  Type 


1.  A  mass  M  attached  to  a  spring  oscillates  with  a 
period  of  Is.  If  the  mass  is  increased  by  3  kg,  the 
period  increases  by  Is.  Find  the  value  of  M(in  kg) 
assuming  that  Hookes’  law  is  obeyed. 

<  IIT,  1979 

2.  An  object  of  mass  0.2  kg  executes  simple  har¬ 
monic  motion  along  the  x-axis  with  a  frequency  of 
25/n  Hz.  At  the  position  x  =  0.04  m,  the  object 
has  kinetic  energy  of  0.5  J  and  potential  energy  of 
0.4  J.  Find  the  amplitude  of  oscillations  in  cm. 

<  IIT,  1994 

SOLUTION 


3.  A  block  is  kept  on  a  horizontal  table.  The  table  is 
undergoing  simple  hanuonic  motion  of  frequency 
3  Hz  in  a  horizontal  plane.  The  coefficient  of  static 
friction  between  the  block  and  the  table  is  0.72. 
Find  the  maximum  amplitude  in  cm  of  the  table  for 
which  the  block  does  not  slip  on  the  surface  of  the 
table.  Take  g  =  10  ms~2. 

<  IIT,  1996 

4.  A  particle  executes  simple  harmonic  motion  be¬ 
tween  x  =  —  A  and  x  =  +  A.  It  takes  time  t1  to  go 
from  0  to  At 2  and  t2  to  go  from  A/2  to  A.  Find  the 
ratio  T2/Tl. 

<  IIT,  2001 


1.  1=2 n  and  2  =  2 n 

Dividing  these  equations  we  get 


4  = 


M  +  3 
M 


M=  1  kg 
25 


2.  Angular  frequency  co  =  2nv  =2nx  —  =  50  rad  s  1 


Kinetic  energy  K  =  —  mo}  (A 

Potential  energy  U=  —  mo}. 
Dividing  we  get 


n 

2  x2) 


.2  2 

A  -X 


a2  2 
A  -x 


K 
U 
0.5 

=>  —  —  - ~ — 

0.4  x2 

3x  3  x  0.04  m 

=>  A  =  —  =  - 

2  2 

=  0.06  m  =  6  cm 

3.  Let  the  mass  of  the  block  be  m  and  let,  at  a  cer¬ 
tain  instant  of  time,  the  direction  of  acceleration 
a  of  the  table  (executing  simple  harmonic  motion) 
be  along  the  positive  x-direction.  As  a  result,  the 
block  will  experience  a  force  ma  directed  along  the 
negative  x-axis.  Consequently,  the  force  of  friction 
U  mg  will  act  along  the  positive  x-axis.  The  weight 
mg  of  the  block  will  be  balanced  by  the  normal 
reaction  R.  The  block  will  not  slip  on  the  surface  of 


the  table,  if  the  acceleration  a  of  the  motion  of  the 
table  is  such  that  [Fig.  13.57] 

jimg  >  ma  or  fig  >  a 
R 

Table  Top 


■12  mg 


mg 

Fig.  13.57 

Therefore,  for  no  slipping,  the  table  can  have  a  max- 

2 

imum  acceleration  amax  =  /J.g.  Where  umax  =  OTA. 
Therefore,  the  maximum  amplitude  is  given  by 

,2 

Amax 


or 


®  ^  max  =  mg 

A  =  MK 

max  7 

CO 


Mg 

4k2v2 


(y  CO  =  2  nv) 


0.72x10 

“  ^  =  0.02  m  =  2  cm 

4 k2  x  (3)2 


4.  From 


Also 


x  =  A  sin  cot,  we  have 


=  A  sin  cot 


cot ,  = 


n 


A  =  A  sin  co  (?,  +  t2) 


n 


=>  to(C  +  C)  -  — 

From  (1)  and  (2),  we  get 


(1) 


(2) 


h  _ 


1 


-  =2 

h 


h  +  h 


=  -  which  gives 


14 

Chapter 

_ _ _ A 


Waves  and  Doppler's  Effect 


REVIEW  OF  BASIC  CONCEPTS 

14.1  ■  WAVE  MOTION _ 

Wave  motion  involves  the  transport  of  energy  without 
any  transport  of  matter.  In  case  of  mechanical  waves,  the 
disturbance  is  the  physical  displacement  of  particles  of 
a  medium.  In  case  of  electromagnetic  waves,  the  distur¬ 
bance  is  a  change  in  electric  and  magnetic  fields. 

14.2  !  TYPES  OF  WAVES 

_ i _ 

There  are  two  types  of  wave  motions:  (1)  transverse  and 
(2)  longitudinal. 

(1)  Transverse  Waves  In  transverse  waves  the  parti¬ 
cles  of  the  medium  vibrate  at  right  angles  to  the 
direction  in  which  the  wave  propagates.  Waves  on 
strings,  surface  water  waves  and  electromagnetic 
waves  are  transverse  waves. 

(2)  Longitudinal  Waves  In  longitudinal  waves  the  par¬ 
ticles  of  the  medium  vibrate  along  the  direction  of 
wave  propagation.  Sound  waves  are  longitudinal. 


CHARACTERISTICS  OF  A  HARMONIC 


(1 )  Amplitude  The  amplitude  of  a  wave  is  the  maxi¬ 
mum  displacement  of  the  particles  of  the  medium 
from  their  mean  position. 

(2)  Period  The  time  period  of  a  wave  is  the  period  of 
harmonic  oscillations  of  particles  of  the  medium. 
The  frequency  of  a  wave  is  the  reciprocal  of  the 
time  period. 

(3)  Wave  Velocity  Wave  velocity  is  the  distance  trav¬ 
elled  by  the  wave  in  one  second. 

(4)  Wavelength  The  wavelength  is  defined  as  the  dis¬ 
tance  (measured  along  the  direction  of  propagation 


of  wave)  between  two  nearest  particles  which  are 
in  the  same  phase  of  vibration. 


DISPLACEMENT  EQUATION  FOR  A 


14.4 


TRAVELLING  WAVE 


When  a  plane  wave  travels  in  a  medium  along  the  positive 
x-direction,  the  displacement  y  of  a  particle  located  atx  at 
time  t  is  given  by 

y  =  A  sin  (cot  -  kx ) 


where  A  =  amplitude  of  the  wave,  (0  (=  2nv)  is  the 
angular  frequency  (in  rad  s  1 2 3 4 ),  v  is  the  frequency 

is  the  angular  wave  number  and  A 

is  the  wavelength  of  the  wave. 

For  a  wave  travelling  along  the  negative  x-direction, 
y  =  A  sin  (cot  +  kx) 


(  2n 

(in  Hz)  and  k  =  — 


The  wave  velocity  is  given  by 


v  =  vA 


CO 

k 


14.5  ;  PHASE  AND  PHASE  DIFFERENCE 

The  argument  of  the  sine  (or  cosine)  function  which 
represents  a  wave  is  called  the  phase  of  the  wave.  For  a 
wave  travelling  along  the  positive  x-direction,  the  phase  (j) 
at  a  space  point  x  at  time  t  is  given  by 

(j)  =  cot  —  kx 

It  is  clear  that  the  phase  changes  with  time  t  as  well  as 
space  point  x. 

Phase  Change  with  Time 

The  phase  of  a  given  particle  (i.e.  x  fixed)  changes  with 
time.  As  time  changes  from  t  to  (t  +  At),  the  phase  of  a 
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particle  oscillation  changes  from  cj)  to  (0  +  A <j>)  where  A cf) 
is  given  by 

A(j)  =  {co  (t  +  At)  -  kx}  -  {cot  -  kx} 

2  n 

=>  Ad)  =  co  At  =  —  At 

T 

where  T  is  the  time  period  of  particle  oscillation.  If 
A t=  T,  (j)  =  In. 

Phase  Change  with  Position 

At  a  given  instant  of  time  t,  the  phase  of  particles  of  the 
medium  varies  with  position  x  of  the  particles.  The  phase 
difference  at  an  instant  t  between  two  particles  separated 
by  x  and  (x  +  Ax)  is  given  by 

A  0  =  {cot  —  k{x  +  Ar)}  —  (cot  —  kx) 


=>  A(j>  =  —  k  Ax  = - Ax 

A 

The  minus  sign  indicates  that,  for  a  wave  travelling  along 
the  positive  x-direction,  the  particles  located  at  higher 
values  of  x  lag  behind  in  phase.  If  Ay  =  A,  |  A(j)  \  =  2 n. 
Hence  wavelength  can  be  defined  as  the  distance  between 
two  particles  whose  phases  differ  by  2n. 


EXAMPLE  14.1 


When  a  plane  wave  travels  in  a  medium,  the  displace¬ 
ments  of  particles  are  given  by 

y  =  0.01  sin  [2 n  (2 1  —  0.0  lx)] 

where  x  and  y  are  in  metre  and  t  in  second.  Find 

(a)  the  amplitude,  wavelength,  wave  velocity  and 
frequency  of  the  wave, 

(b)  the  phase  difference  between  two  positions  of 
the  same  particle  in  a  time  interval  of  0.25s  and 

(c)  the  phase  difference  at  a  given  instant  of  time 
between  two  particles  50  m  apart. 


SOLUTION 


1(a)  The  given  equation  is 

y  =0.01  sin  {Ant  -  0.01  x  2 nx) 
Comparing  this  equation  with 

y  =  A  sin  ( cot  -  kx),  we  get 
A  =  0.01  m 


co  =  An  =>  27rv  =  An  =>  v  =  2  Hz 

2  n  2  n 

k  =  0.01  x  2n  => —  =  — 

A  100 

A  =  100  m 

v  =  vA  =  2  x  100  =  200  ms-1 


(c)  Ad  = - Ax  = - x  50  =  -  tt  =  -  1 80° 

A  100 

The  negative  sign  indicates  that  the  particle  at 
x  =  50  m  lags  behind  the  particle  at  x  =  0  by  a 
phase  angle  of  180°. 


EXAMPLE  14.2 


A  travelling  wave  on  a  string  is  given  by 

y  =  7.5  sin  ^0.005x  + 12 1  +  — j 

where  x  and  y  are  in  cm  and  t  in  second. 

(a)  Find  the  displacement  and  velocity  of  the  par¬ 
ticle  at  a  point  x  =  1  cm  at  t  =  1  s.  Is  this  equal  to 
the  wave  velocity?  Given  sin  (12.7°)  =  0.22. 

(b)  Locate  the  points  on  the  string  which  have  the 
same  transverse  displacement  and  velocity  as 
the  x  =  1  cm  point  has  at  t  =  2s,  5s  and  1 1  s. 


SOLUTION 


Given  y  =  7.5  sin  ^0.005x  +  \2t  +  —  j  (i) 

Putting  x  =  1  cm  and  t  =  Is  in  Eq.  (i)  we  have 

f  3  mob 

y  =  7.5  sin  I  0.005  x  1  + 12  x  1  +  —^ — j 

=  7.5  sin  (12.79  rad) 

=  7.5  sin  (732.7°) 

(v  n  rad  =  180°) 

=  7.5  sin  {An  +  12.7°) 

=  7.5  sin  (12.7°) 

=  7.5  x  0.22  =  1.65  cm 

Particle  velocity  is  obtained  by  differentiating  (i) 
w.r.t.  time  t. 

V=  —  =  7.5  x  12  x  cosf  0.005x  +  12t  +  - j 

dt  \  A  J 

Putting  x  =  1  cm  and  t  =  Is, 

V=  7.5  x  12  x  cos  12.7° 

=  87.8  cm  s_1 


Comparing  Eq.  (i)  with 

y  =  A  sin  {kx  +  cot  +  0O) 

we  get  k  =  0.005  rad  cnT1  and  co=  12  rad  s~'  giving 

v  =  —  =  —  =  2400  cm  s~‘ 

k  0.005 

Particle  velocity  V  is  not  equal  to  wave  velocity  v. 

(b)  By  definition  of  wavelength  (A),  all  points  on 
the  string  which  are  located  at  x  =  A,  2A,  ... 


(b)  A cj)  =  2nvAt  =  2n  x  2  x  (0.25)  =  n  =  1 80' 
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=  nX  ( n  =  0,  1,2,  ...)  away  from  x  =  1  cm  have 
the  same  displacement  and  velocity  as  those  at 
x  =  1  cm  for  all  values  of  t. 

From  k  =  0.005  =>  —  =  0.005  =>  X  =  12.67  cm. 
X 

Flence  the  positions  of  the  required  points  are 
x  =  1  cm  +  (12.67  cm)  n  =  (1  +  12.67  n)  cm  where  n 
is  an  integer. 


EXAMPLE  14.3 


I  A  tuning  fork  vibrating  at  200  FIz  produces  a  sound 
wave  which  travels  in  air  at  a  speed  340  ms-1.  Find 
the  distance  travelled  by  sound  during  the  time  the 
fork  makes  60  vibrations. 


SOLUTION 


v  =  200  Hz,  v  =  340  ms  1 

3  U  340  ,7 

X  =  —  =  -  =  1.7  m 

v  200 


By  definition,  wavelength  (X)  is  the  distance  travelled 
by  the  wave  in  1  complete  vibration  (=  time  period) 
of  the  fork.  Hence 

x  =  60  x  1.7  =  102  m 


(c)  For  liquids'.  E  =  B,  the  bulk  modulus  of  the 
liquid.  Thus 


2. 


v  = 


The  velocity  of  sound  in  a  gas  is  independent  of  the 
pressure  but  is  directly  proportional  to  the  square 
root  of  the  absolute  temperature. 


3. 

4. 


Vj_  =  IT  =  (1  +  273  V/2 
v0  Uo  V  273  J 
where  t  is  the  temperature  in  °C. 

The  velocity  of  sound  increases  with  increase  in 
humidity.  Sound  travels  faster  in  moist  air  than  in 
dry  air  at  the  same  temperature. 

Velocity  of  a  transverse  wave  on  a  stretched  string 
is  given  by 


v  = 


where  T  =  tension  in  the  string  and  m  =  mass  per 
unit  length  of  the  string.  For  a  string  of  diameter  d 
and  density  p,  we  have 


777 


Thus,  v  = 


2 

d 
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EXPRESSIONS  FOR  WAVE  VELOCITY  IN 
DIFFERENT  MEDIA 


1.  Velocity  of  sound  in  an  elastic  medium  is  given 
by 


where 

and 


E  =  modulus  of  elasticity  of  the  medium 
p  =  density  of  the  medium. 


(a)  For  gases: 

E  =  y  P 


where  g  =  Cp/Cv  is  the  ratio  of  the  specific  heat 
of  the  gas  at  constant  pressure  and  that  at  constant 
volume  and  P  is  the  pressure  of  the  gas. 

Thus 


(b)  For  solids :  E  =  Y;  the  Young’s  modulus  of 
the  solid.  Thus 


v  = 


EXAMPLE  14.4 


Uniform  rope  AB  of  mass  Mand  length  L  hangs  verti¬ 
cally  with  end  A  fixed  to  a  support.  A  transverse  pulse 
is  created  at  the  free  end  A.  The  speed  of  the  pulse  is 

(a)  the  same  at  every  point  of  the  rope 

(b)  maximum  near  end  A 

(c)  maximum  near  end  B 

(d)  zero  at  the  mid-point  of  the  rope. 


SOLUTION 


Since  the  rope  has  a  finite  mass,  the  tension  is  differ¬ 
ent  at  different  points  on  the  rope.  Hence  the  speed  of 
the  pulse  is  different  at  different  points. 


Mass  per  unit  length  is  m 


M 
L  ' 


/////////// 


Tension  at  point  P  (Fig.  14.1)  is 


T  = 


Mgx 

L 


mgx 


.'.  Speed  of  the  pulse  is 


[ ~T  mgx  I —  Fig.  14.1 

v=  \  ~=\ - =  dgx 

V  777  V  777 


i.e.  v  sfx  .  Hence  the  correct  choice  is  (b). 
The  speed  of  the  pulse  is 
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EXAMPLE  14.5 


A  long  uniform  steel  wire  has  a  diameter  of  2.0  mm. 
What  should  be  the  tension  in  the  wire,  so  that  the 
speed  of  the  transverse  wave  on  it  equals  the  speed 
of  sound  at  STP  (=  320  m  s-1)?  The  density  of  steel 


is  7800  kg  m 


-3 


SOLUTION 


The  volume  of  a  wire  of  length  L  and  diameter  d  is 

V  =  nr2L  =  nd2LIA 

The  mass  of  the  wire  is 

, ,  ,  ,  nd2Lp 

M  =  volume  x  density  =  — 

„ ,  .  ,  ,  ,  .  M  nd2p 

Mass  per  unit  length  (m)  =  —  =  — - — 


Now 


v  = 


„  i  nd2pv2 
T  =  mv  =  - 


Substituting  the  values  of  d,  p  and  v  and  solving  we 
get 

T  =  25.1  N 


EXAMPLE  14.6 


■  Transverse  waves  are  generated  in  two  uniform  steel 
wires  A  and  B  of  diameters  1 0  m  and  0.5  x  1 0  3  m 
respectively,  by  attaching  their  free  end  to  a  vibrat¬ 
ing  source  of  frequency  500  Hz.  Find  the  ratio  of 
the  wavelengths  if  they  are  stretched  with  the  same 
tension. 


SOLUTION 


The  density  of  a  wire  of  mass  M,  length  L  and  diam¬ 
eter  d  is  given  by 

_  AM  _  Am 
P  nd2L  nd2 


but  vA  =  vAa  and  t'H  =  V/LB,  v  being  the  frequency  of  the 


Hence 


Aa  _  vA  _  dB  _  0.5  x  10  3 
Ab  vB  dA  10  3 


EXAMPLE  14.7 


Compare  the  velocities  of  sound  in  hydrogen  (H2)  and 
carbon  dioxide  (C02).  The  ratio  (y)  of  specific  heats 
of  H2  and  C02  is  respectively  1.4  and  1.3. 


SOLUTION 


v,  = 


V, 


_  Y 1P 


Pi 


and  v0  = 


_  \y2p 


Pi 


hP2 


v2  V  YiP\ 

Since  density  of  a  gas  is  proportional  to  its  molecular 
weight, 


=  44.01  =  21  83 
Pi  2.016 

^  =  f—  x  21.83 
p2  U.3 

Velocity  of  sound  in  hydrogen  is  4.85  times  that  in 
carbon  dioxide. 


EXAMPLE  14.8 


At  what  temperature  will  sound  travel  in  hydrogen 
with  the  same  speed  as  in  oxygen  at  927°C? 


SOLUTION 


=  M 
p2  v  Y  2  P\ 

Hydrogen  and  oxygen  are  both  diatomic  gases.  Hence, 

7i  =  Y2-  A1so 


p2  _  molecular  mass  of  oxygen 
p,  molecular  mass  of  hydrogen 


^2 

V, 


=  Vl6  =  4 


1  +  273  \ 
273  J 


For  oxygen 


El 

v2 


927  +  273 
273 


1/2 


(i) 


source. 
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For  hydrogen— =  f  ^  +  - 
Vj  l  273 


1/2 


(ii) 


Dividing  (i)  and  (ii) 


v,  v , 


-^x4  = 


'  1200 
v273  + / 

(  1200 


273  +  / 


V/2 

/ 

xi/2 

/ 


Given  v't=  vt.  Flence 


4  = 


16  = 


1200 
273  +  / 

1200 
273  +  / 


/  =  -  198°C 


EXAMPLE  14.9 


In  a  laboratory  experiment  (room  temperature  being 
15°C)  the  wavelength  of  a  note  of  sound  of  frequency 
500  Hz  is  found  to  be  0.68  m.  If  the  density  of  air  at 
STP  is  1 .29  kg  itT3,  calculated  the  ratio  of  the  specific 
heats  of  air. 


SOLUTION 


Speed  of  sound  at  15°C  is  vx  =  v?i  =  500  x  0.68 
i 


=  340  ms 

Speed  of  sound  at  0°C  is  v0  =  340  x 


i 


273 


273  +  15 


=  33 1  ms 

At  STP,  p0  =  1.29  kgm  3  and  P0  =  1.01  x  105  N  m 


Now  v0  = 


-  IrA .  Y=  Sf 
Po  cv 


7=  EoA)  =  (331)2  x  1.29  =  L39 


'o 


1.01  x  10 


14.7 


SUPERPOSITION  OF  WAVES  {THE 
SUPERPOSITION  PRINCIPLE) 


When  a  wave  reaches  a  particle  of  a  medium,  it  imparts  a 
displacement  to  that  particle.  If  two  or  more  waves  arrive 
at  a  particle,  the  resultant  displacement  of  the  particle  is 
equal  to  the  vector  sum  of  individual  displacements.  In 
the  particular  case  when  the  waves  travelling  in  the  same 
straight  line  superpose,  the  resultant  displacement  is  equal 


to  the  algebraic  sum  of  the  individual  displacements.  This 
is  called  the  principle  of  superposition. 

y  =y  i  +T2  +  -  +y„ 

The  following  three  cases  of  superposition  are  of  practical 
importance. 

14.8  ;  INTERFERENCE _ 

The  superposition  of  two  waves  of  the  same  frequency 
travelling  in  the  same  direction  in  a  medium  is  called 
interference.  Consider  two  waves  of  equal  amplitude  a, 
equal  angular  frequency  co  and  and  equal  angular  wave 
number  k  but  having  a  phase  difference  0  travelling  along 
the  positive  x-direction.  The  displacements  y1  and  y2  of  a 
particle  located  at  x  at  time  /  are 
y1  =  a  sin  (cot  -  kx) 
and  y2  =  a  sin  (cot  -  kx  +  0) 

According  to  the  superposition  principle,  the  resultant 
displacement  is  given  by 

y  =  Fi  +  T2 

=  a  [sin  (cot  —  kx)  +  sin  (cot  -  kx  +  0)] 

'  a  +  p)  (a- P 


Using  sin  a  +  sin  p  =  2  sin 
get 

<t> 


y  =  2a  cos  — 
1  2 


sm 


cos 


cot  -  kx  +  — 
2 


we 


y  =  A  sin  \  cot  —  kx  +  — 
1  2 


is  the  resultant  amplitude.  The 


where  A  =  2a  cosf — 

u 

frequency  and  wavelength  of  the  resultant  wave  remain 
the  same  as  those  of  individual  waves. 

(a)  Constructive  Interference:  If  A  is  maximum  (positive 
or  maximum),  the  interference  is  constructive,  the  Amax  = 
±2a.  This  happens  if 

Cu±, 


cos 

v: 

=>  —  =  0 ,  n,  2n,  ... 

2 

=>  f  =  2mc,  (n  =  0,  1,2,  ...) 

(b)  Destructive  Interference:  If  A  =  0,  the  interference  is 
destructive.  This  happens  if 


cos 


*1  =0 


<f)  _  7i  3n  5n 

2  ~  2’T’T’ 

< f b  =  (2  n  +  1  )tt. 


n  =  0,  1,  2, 
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EXAMPLE  14.10 


I  Two  waves  each  of  amplitude  2  cm  and  wavelength 
5  cm  and  frequency  10  Hz  have  a  constant  phase  dif¬ 
ference  of  60°.  Travelling  in  the  same  direction,  they 
superpose  at  a  particle  of  the  medium.  What  is  the 
resultant  amplitude  of  the  oscillations  of  the  particle? 
Also  find  the  frequency  and  wavelength  of  the  resul¬ 
tant  wave. 


SOLUTION 


Resultant  amplitude  is  A  =  2a  cos  J 

=  2  x  (2  cm)  x  cos 
=  2^3  cm 


Equation  (i)  represents  a  standing  wave.  It  does  not 
represent  a  travelling  wave  since  it  does  not  involve  the 
combination  (cot  ±  Ax)  in  the  argument  of  the  sine  or 
cosine  function.  Equation  (ii)  tells  us  each  particle  has 
a  simple  harmonic  motion  and  Eq.  (iii)  tells  us  that  the 
amplitude  of  motion  is  different  for  different  particles  (i.e. 
for  different  values  of  x).  Such  simple  harmonic  motions 
of  the  particles  of  a  medium  are  called  normal  modes. 

Nodes 

There  are  certain  points  in  the  medium  which  are 
permanently  at  rest.  These  points  are  called  nodes.  The 
position  of  nodes  is  given  by 
A  =0 

=>  2a  sin  (kx)  =  0 


The  frequency  and  wavelength  of  the  resultant  wave 
are  1 0  Hz  and  5  cm  respectively,  the  same  as  those  of 
the  individual  interfering  waves. 

14.9  ;  STANDING  (OR  STATIONARY)  WAVES 


Standing  (or  stationary)  waves  are  produced  when  two 
waves  of  the  same  frequency  travelling  in  opposite 
directions  in  a  medium  superpose.  In  actual  practice, 
we  do  not  send  two  independent  waves  in  a  medium  in 
opposite  directions.  A  wave  is  sent  in  a  finite  medium 
which  has  its  boundaries,  for  example,  a  string  of  a  finite 
length  or  a  rod  or  a  column  of  gas  or  liquid.  The  wave 
gets  reflected  at  the  boundaries  and  a  superposition  of  the 
incident  and  reflected  waves  occurs  continuously,  giving 
rise  to  standing  waves. 

When  a  wave  is  reflected  from  a  rigid  boundary,  it 
undergoes  a  reversal  of  amplitude  (which  implies  a  phase 
change  of  k).  Consider  a  wave  travelling  in  the  negative 
x-direction  towards  a  boundary  at  x  =  0,  where  it  is 
reflected.  The  particle  displacements  due  to  the  incident 
and  reflected  waves  are  given  by 

yt  =  a  sin  (cot  +  kx) 

and  yr  =  -  a  sin  ( cot  -  kx) 

From  the  superposition  principle,  the  resultant  displacement 
is 

y  =yi  +  yr 

=  a  [sin  (cot  +  kx)  -  sin  (cot  -  Ax)] 


=  2S,"(  2  A 

(a  +  p) 

C°A  2  J 

,  we  get 

y  =  2 a  sin  (Ax) 

cos  (cot) 

(i) 

y  =  A  cos  cot 

(ii) 

A  =2a  sin(Ar) 

(iii) 

=>  sin  kx  =  0 


=>  kx  =  0,n,  2 n,  ... 

2n 

=>  — x  =  U,  k,  2k,  ... 

A 

=>  x  =  0,  — ,  A,  ...  and  so  on 

2 

A 

Distance  between  two  consecutive  nodes  =  —  . 

2 

Antinodes 

There  are  certain  points  in  the  medium  which  have 
maximum  (positive  or  negative)  amplitude.  These  points 
are  called  antinodes.  Their  position  is  given  by 
A  =  ±  1 


=>  2 a  sin  (kx)  =  ±1 

=>  sin  kx  =  ±1 


,  n  2k  5k 

kx  =  — ,  — ,  — , 
2  2  2 


2k 


k  3 k  5k 


A  X  2’  2  ’  2 
=  A  3A  5A 
4’  4  ’  4 

A 

Distance  between  two  consecutive  antinodes  =  —  . 

2 


NOTE 


1 .  Exactly  mid-way  between  two  nodes  is  an  antinode  and 
vice  versa. 

2.  The  distance  between  a  node  and  the  next  antinode 

=  A 

4 ' 


3.  There  is  no  transfer  of  energy  along  the  medium. 


where 
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EXAMPLE  14.11 


Standing  waves  are  produced  by  the  superposition  of 
two  waves 

y1  =  5  sin  (3nt  -  2 kx) 
and  y2  =  5  sin  (3  Jtt  +  2tdc) 

where  y  and  x  are  in  cm  and  t  in  second.  Find  the 
amplitude  of  the  particle  at  x  =  2  cm. 


SOLUTION 


Iy=y  i  +  T2 

=  5  [sin  (3nt  -  27dt)  +  sin  (3 jrt  +  2tdc)\ 

Using  sin  (a  +  /3)  +  sin  (a  -  p)  =  2  sin  a  cos  /3,  we 
get 

y  =  10  cos  (2/zx)  sin  (3nt) 

=>  y  =  A  sin  (3 Tit),  where  A  =  10  cos  (2.7Dc) 
Amplitude  A  at  x  =  2  cm  is 

10  x  cos  (2 k  x  2)  =  10  cos  47t  =  10  cm 

Normal  Modes  of  a  String  Fixed  at  Both  Ends 
Consider  a  uniform  string  of  length  L  stretched  with  a 
tension  T  and  fixed  rigidly  at  its  ends  at  x  =  0  and  x  =  L. 
The  string  can  vibrate  in  a  number  of  modes.  Figure  14.2 
shows  the  first  three  harmonics. 


A/2 


L 


(a) 


A/2 - - A/2 


(b) 


A/2 - >— - A/2 - - A/2 


(<=) 

Fig.  14.2 


(a)  Fundamental  Mode  (or  First  Harmonic) 

In  this  mode,  the  string  vibrates  in  one  segment. 
[Fig.  14.2  (a)] 

-  =  L  =>  A  =  2Z, 

2 


The  frequency  of  the  fundamental  mode  is 


v  v 
v,  =  —  =  — 
1  A  2  L 


where 


T 

v=  \~ 

V  m 


(b)  Second  Harmonic.  [Fig.  14.2  (b)] 

A  A 

For  the  second  harmonic,  — l —  =  L 

2  2 


A  =  L. 


v 


=  2v, 


v 

2  A 

(c)  Third  Harmonic.  [Fig.  14.2(c)] 

.AAA  ,  2 L 

For  the  third  harmonic,  — l - 1 —  =L  =>  A=  — 

2  2  2  3 

v3v 

v,  =  —  =  —  =  3v, 

3  A  2  L 

In  general,  for  a  string  vibrating  in  the  nth  harmonic, 
the  frequency  of  vibration  is 


nv 
2 L 


n 


2  L  V  m 


EXAMPLE  14.12 


The  transverse  displacement  of  a  string  fixed  at  both 

ends  is  given  by 

(  2nxf 

y  =0.06  sin  I  — ^ —  I  cos  (1207Z7)  (i) 

where  y  and  x  are  in  metre  and  t  in  second.  The  length 

of  the  string  is  1 .5  m  and  its  mass  is  3  x  10~2  kg. 

(a)  What  is  the  amplitude  at  point  x  =  0.5  m? 

(b)  What  is  the  velocity  of  the  particle  at  x  =  0.75  m 
at  t  =  0.25  s? 

(c)  Write  down  the  equation  of  the  component 
waves  whose  superposition  gives  the  vibration 
given  in  Eq.  (i)  above.  What  is  the  wavelength, 
frequency  and  speed  of  each  wave? 

(d)  Determine  the  tension  in  the  string. 

(e)  Do  all  points  on  the  string  vibrate  with  the  same 
(i)  frequency,  (ii)  phase  and  (iii)  amplitude? 


SOLUTION 


(a)  Displacement  is  maximum  when  cos  (1207T/)  =  1 . 
Hence  the  amplitude  =  0.06  sin 

At x  =  0.5  m,  the  amplitude  =  0.06  sin  |  x  0.5 

=  0.06  sin  —  =  0.052  m 
3 
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(b)  The  velocity  at  point  x  at  time  t  is  obtained  by 
differentiating  Eq.  (i)  with  respect  to  t. 

v=  dl 
dt 

=  -  (0.06  x  1207T)  sin^^pjsin(1207T/) 


Now  at  t  =  0.25s,  sin(1207T/)  =  sin  (307r)  =  0. 
Hence  at  t  =  0.25s,  the  velocity  is  zero  for  all 
values  of  x  including  x  =  0.75  m. 

(c)  The  stationary  wave  in  the  question  may  be  writ¬ 
ten  as 

y  =2A  sina  cos ft 


where  A  =  0.03  m,  a  = 


2  nx 


and  ft  =  1207T?. 


Now  2 A  sinacos fi  =  A  sin(a+  fS)  +A  sin(a-  jS) 

'2  nx 


=  0.03  sin 


+  0.03  sin 


+ 120  nt 


2  nx 


■  \20nt 


i.e.  y  =  y1  +  y2 

Hence  the  two  component  waves  are 
'2  nx 


yx  =  0.03  sin 
and  y2  =  0.03  sin 


3 

2nx 


■  + 12071-/ 


- 120  nt 


=  -  0.03  sin  120  nt  - 


2nx 


We  know  that  v  = 
string. 


where  T  is  tension  in  the 


T=mv2  =  2.0  x  10  “  x  (180)2  =  648  N 


(e)  In  a  stationary  wave  on  a  string,  all  points  on 
the  string  vibrate  with  the  same  frequency  and 
the  same  phase,  but  the  amplitude  is  different  at 
different  points  (i.e.  different  values  of  x).  The 
amplitude  is  zero  at  nodes  and  maximum  at  an¬ 
tinodes. 


EXAMPLE  14.13 


A  wire  of  density  9  g  cnT3  is  stretched  between  two 
clamps  100  cm  apart  while  being  subjected  to  an 
extension  of  0.05  cm..  What  is  the  lowest  frequency 
of  transverse  vibrations  of  the  wire,  assuming  that 
the  Young’s  modulus  of  the  material  of  the  wire 
=  0.9  x  1011  N  m~2. 


SOLUTION 


Young’s  modulus 
Y  = 


stress 

strain 


TtA  _  TL 
UL  Al 


where  T  =  tension,  L  =  original  length  =  100  cm, 
/  =  extension  =  0.05  cm 
and  A  =  area  of  cross-section  of  the  wire. 

T  _  Yl  0.9  x  1011  x  0.05 
A  L  100 


Hence, 


=  4.5  x  10' 


Now  mass  per  unit  length 


Let  A  be  the  wavelength,  v  the  frequency  and 
uthe  speed  of  each  wave.  Then 
2k 

—  =  coefficient  of  x  in  the  argument 
A  2k 

of  the  sine  function  =  — 

3 

or  X  =  3  m. 

Also  co  =  2 kv  =  coefficient  of  t  in  the 
argument  of  the  sine  function 

=  120  k 

which  gives  v  =  60  Hz. 

Hence  v  =  vX  =  60  x  3  =  180  m  s_1 

3.0  x  10-2 

(d)  Mass  per  unit  length  (m)  =  ^  ^ - 

=  2.0  x  10~2  kg  m  1 


mass 

m  =  - 

length 

volume  X  density 
length 

area  x  length  x  density 
length 

=  area  x  density 
=  Ap 

Density  p  =  9  g  cnT3  =  9000  kg  nT3.  The  lowest  fre¬ 
quency  is  the  frequency  of  the  fundamental  mode. 


=  35.3  Hz 


Waves  and  Doppler’s  Effect  14.9 


EXAMPLE  14.14 


A  wire  having  a  linear  density  of  0.05  g  cnT1  is 
stretched  between  two  rigid  supports  with  a  tension 
of  4.5  x  102  N.  It  is  observed  that  the  wire  resonates 
at  a  frequency  of  420  Hz.  The  next  higher  frequency 
at  which  the  wire  resonates  is  490  Hz.  Determine  the 
length  of  the  wire. 


SOLUTION 


Let  420  Hz  be  the  nth  harmonic,  then  490  Hz  is  the 
( n  +  l)th  harmonic.  Therefore 


420  =  —  J- 
2  L  v  m 


and 


490  = 


(n  + 1)  T_ 
2  L  V  m 


(i) 

(ii) 


Dividing  (i)  and  (ii)  we  get  n  =  6.  Putting  n  =  6  in  (i) 
we  get 


420  =  —  4 


6  4.5x10- 


21 V  0.05x10 


,-i 


L  =  2.14  m 


Normal  Modes  in  Air  Columns  in  a  Pipe 

A  gas  column  in  a  pipe  can  oscillate  in  a  number  of 
modes 

Case  1:  Closed  Pipe 

Consider  a  pipe  of  length  L  open  at  one  end  and  closed 
at  the  other.  The  closed  end  is  a  node  and  the  open  end  is 
an  antinode.  Figure  14.3  shows  the  first  three  modes  of  a 
closed  pipe. 

A/4 


x  =  0 


(a) 


x=  L 


A/2  - 


-A/4 


x  =  0 


(b) 


x=  L 


-A/2  - 


N 


-A/2  - 


i-A/4  - 


N 


A 


'N 


x  =  0 


x  —  L 


(<=) 

Fig.  14.3 


(a)  Fundamental  Mode  (or  First  Harmonic)  [Fig. 
14.3  (a)] 


4 


L  =  4A 


Vi 


v 

A 

fyP 


v 

4 L 


where  v  =  J —  is  the  speed  of  sound  in  the 
gas. 

(b)  Third  Harmonic  (or  First  Overtone)  [Fig. 
14.3  (b)] 

A  A  ,  4  L 

2  4  3 

v3v 

3  A  41  1 

(c)  Fifth  Harmonic  (or  Second  Overtone)  [Fig. 
14.3  (c)] 

A  A  A  r  ,41 

2  2  4  5 

v  5v 

vs  =  —  =  —  =  5v, 

5  A  41  1 

In  general,  for  nth  harmonic 

nv  n  lyP 
V"~  4 Z  ~  ~4L\p 
where  n  =  1, 3,  5, ...  etc. 


NOTE 


In  a  closed  pipe  only  odd  harmonics  are  present;  all  the 
even  harmonics  are  absent. 

Case  2:  Open  Pipe 

Figure  14.4  shows  the  first  three  modes  of  an  open  pipe 


-A/4 


-A/4 


-A/4 


-A/2 


-A/4 
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-A/4  ■ 


-A/2- 


-  A/2  - 


-A/4  - 


-  L  — 

(c) 

Fig.  14.4 


(a)  Fundamental  Mode  (or  First  Flarmonic)  [Fig. 
14.4(a)] 


A  A  , 
— +  —  =L 
4  4 


A  =  2  L 


v  v 
v,  =  —  =  — 
1  A  2  L 


(b)  Second  Flarmonic  (or  First  Overtone)  [Fig. 
14.4(b)] 


AAA 
— +  — +  —  =L 
4  2  4 


A  =  L 


v  v 

v7  =  —  =  —  =  2v, 

2  A  2L  1 

(c)  Third  Flarmonic  (or  Second  Overtone)  [Fig. 
14.4  (c)] 

A  A  A  A  .  2L 

— i - 1 - 1 —  =  L  =>  A=  — 

4  2  2  4  3 

v3v 

v,  =  —  =  —  =  3v, 

3  A  2L  1 

For  nth  harmonic 


EXAMPLE  14.15 


I  A  pipe  of  length  20  cm  is  closed  at  one  end.  Which 
harmonic  mode  of  the  pipe  is  resonantly  excited  by  a 
430  FIz  source?  Will  the  same  source  be  in  resonance 
with  the  pipe  if  both  ends  are  open?  Speed  of  sound 
=  340  ms-1. 


SOLUTION 


Let  N  be  the  frequency  of  the  source  and  vm  that  of 
the  /nth  harmonic  of  the  closed  pipe,  where  m  =1,3, 
5, ....  Resonance  will  occur  if 


430 


777  X  340 
4x0.2 


which  gives  m  =  1.01  =  1.  The  source  of  frequency 
430  Hz  will  resonantly  excite  the  first  harmonic  (i.e. 
fundamental  mode)  of  the  closed  pipe. 

For  an  open  pipe,  the  condition  of  resonance  with  the 
same  source  will  be 

nv 

N=  vn=  — ,  where  n  =  1,  2,  3,  ... 
N  x2L  430x2x0.2 

=>  77  =  -  =  -  =  0.5 

v  340 

which  is  not  an  integer.  Hence  the  source  will  not  be 
in  resonance  with  any  harmonic  of  the  open  pipe. 


v„  =  77V!;  77  =  1,  2,  3,  ... 


NOTE 


In  an  open  pipe,  all  harmonics  (even  as  well  as  odd)  are 
present. 

End  Correction 

We  have  taken  the  open  end  of  a  pipe  to  be  an  antinode. 
This  is  not  strictly  true.  In  fact,  the  particles  of  air  just  at  the 
open  end  are  not  perfectly  free  because  of  the  restriction 
imposed  by  the  pipe.  The  true  antinode  is  slightly  away 
from  the  open  end  as  shown  in  Fig.  14.5. 

True  antinode 


L  - e-»- 


EXAMPLE  14.16 


A  half-metre  long  tube  open  at  one  end,  with  a  mov¬ 
able  piston  shows  resonance  with  a  tuning  fork  of 
frequency  512  Hz  when  the  tube  length  is  16.0  cm 
and  49.0  cm.  Calculate  the  speed  of  sound  at  the  tem¬ 
perature  of  the  experiment  and  determine  the  end- 
correction. 


SOLUTION 


■  The  tuning  fork  is  in  resonance  at  two  lengths  of  the 
pipe,  viz.  16  cm  and  49  cm.  Since  the  second  reso¬ 
nance  length  is  about  three  times  the  first,  it  is  clear 
that  the  fork  is  in  resonance  with  the  first  harmonic 
(i.e.  the  fundamental  mode)  when  Li  =  16  cm  and 
with  the  third  harmonic  when  L2  =  49  cm.  Thus  we 
have 


Fig.  14.5 

The  distance  e  is  called  the  end  correction.  The  effective 
length  of  the  pipe  is  ( L  +  e). 


Also 


N  =  v,  =  - 

4  (Ll+e) 


N  =  v3  = 


3v 

4(L2  +  e ) 


(i) 


(ii) 
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where  A  is  the  frequency  of  tuning  fork  and  e  is  the 
end-correction.  Dividing  (ii)  by  (i)  we  get 
3(16.0  +  e)  =  49.0  +  e  or  e  =  0.5  cm 
Then  the  speed  of  sound  as  obtained  from  (i)  is 
v  =  4  N(LX  +  e) 

=  4  x  512  x  (16.0  +  0.5) 

=  33792  cm  s_I  =  337.92  m  s~! 

=  338  m  s-1 


14.10  ■  BEATS 


The  periodic  rise  and  fall  of  intensity  of  the  wave 
resulting  from  the  superposition  of  two  waves  of  different 
frequencies  is  called  the  phenomenon  of  beats. 

Consider  two  waves  of  angular  frequencies  0)x  and  a>2. 
For  simplicity,  we  assume  that  they  have  equal  amplitude 
a  and  that  the  observation  point  is  at  x  =  0.  Then 
yx=  a  sin  coxt;  cox  =  2 nvx 
and  y2  =  a  sin  Obt;  Ob  =  2nv2 

Using  the  superposition  principle, 
y  =  Ti  +  /2 

=  a  (sin  coxt  +  sin  Obt ) 


=  2 a  cos 


cox  -  co2 


t  sin 


mx  +  co2 


y=A  sin(mav  t);  mav  =  - (cox  +  oy) 


where 


A  =2a  cos 


cox  -  co2 


Now,  intensity  is  proportional  to  A".  Therefore,  the 
resultant  intensity  is  maximum  when 


cos 


cox  -  a>2 


\t  =  ±  1 


CQi  -COj  | 

-  '  t  =  0,  n,  2n, 


i  v,  -  Vi 

2^:|  — - -  t  =  0,  n,  2k, 


1 


2 

=>  1=0, 

(Vi-v2)  (V,  -v2) 

The  time  interval  between  two  consecutive  maxima  is 

1 

th  ~ 


Therefore  frequency  of  maxima  is 

1 

vb  =  ~  =  vx  -  v2 

fb 

Similarly,  we  can  show  that  the  frequency  of  minima  =  vh. 


Hence  the  frequency  of  beats  is 
vb  =  vx-  v2 

Thus 

Beat  frequency  =  difference  between  the  frequencies  of 
interfering  waves. 


EXAMPLE  14.17 


Two  tuning  forks  A  and  B  produce  10  beats  per  sec¬ 
ond  when  sounded  together.  On  loading  fork  A  with 
a  little  wax  it  is  observed  that  5  beats  per  second  are 
produced.  If  the  frequency  of  fork  B  is  480  Hz,  find 
the  frequency  of  fork  A  (a)  before  loading  and  (b) 
after  loading. 


SOLUTION 


There  are  two  possibilities  (i)  VA  <  VB  or 

(ii)  vA  >  vB. 

Case  (i)  vA  <  vB  ;  vB  -  vA  =  vb  =>  480  -  vA  =  10 
=>  vA  =  470  Hz. 

On  loading  with  a  little  wax,  the  frequency  of  a  fork 
decreases  slightly,  i.e.  VA  becomes  slightly  less  than 
470  Hz.  Hence  the  number  of  beats  per  second  must 
increase.  But  vb  decreases  to  5.  Hence  VA  cannot  be 
less  than  vB. 

Case  (ii)  vA  >  vB.  In  this  case  vA  =  vB  +  vb  =  480  +  10 
=  490  Hz.  On  loading  A,  vA  decreases.  Hence  vb  =  VA 
-  vB  will  decrease.  Since  vb  is  observed  to  decrease 
to  5,  vA  must  be  greater  than  vB. 

(a)  Hence  before  loading,  vA  =  490  Hz 

(b)  After  loading  vA  =  490  -  5  =  485  Hz 


EXAMPLE  14.18 


I  A  metal  wire  of  diameter  1 .5  mm  is  held  on  two  knife 
edges  separated  by  a  distance  of  50  cm.  The  tension  in 
the  wire  is  1 00  N.  The  wire  vibrating  with  its  funda¬ 
mental  frequency  and  a  vibrating  tuning  fork  together 
produce  5  beats  per  second.  The  tension  in  the  wire  is 
then  reduced  to  8 1  N.  When  the  two  are  excited,  beats 
are  heard  at  the  same  rate.  Calculate  (a)  the  frequency 
of  the  fork,  and  (b)  the  density  of  the  material  of  the 
wire. 


SOLUTION 


1(a)  Let  TVbe  the  frequency  of  the  tuning  fork.  Then, 
the  frequency  of  the  wire,  when  the  tension  is 
1 00  N  will  be  ( N  +  5)  and  when  the  tension  is 
81  N,  it  is  (A-  5);  since  in  each  case  5  beats  are 
heard  per  second.  Hence 
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N+5  =  —  M  = 


1 


10 


2 L  V  m  2  x  0.5  V  m  vm 

(i) 


and  TV  -  5  =  — ,  3-  = 


1 


81 


2 L  V  w  2  X  0.5  V  7w  Vot 

(ii) 

Subtracting  (ii)  from  (i)  we  have 

10  =  — -==  or  m  =  0.01  kg  m  1 


Using  this  values  of  m  in  (i)  or  (ii)  gives  N=95  Hz. 
(b)  Now  m  =  m^p  = 


t  nd2  p 


Putting  d  =  1.5  x  10  3  m  and  m  =  0.01  kg  m 
we  get 

p  =  5.7  x  103  kg  itT3 

14.11  ■  DOPPLER  EFFECT  IN  SOUND _ 

The  apparent  change  in  frequency  of  sound  heard  by  an 
observer  due  to  a  relative  motion  between  the  observer 
and  the  source  of  sound  is  called  the  Doppler  effect. 

The  expressions  for  the  apparent  frequencies  are  as 
follows: 

1.  Source  approaching  a  stationary  observer 


v,  =  v 


^  v  ^ 


f°~usJ 

where  V  =  real  frequency 

v  =  velocity  of  sound 
us  =  velocity  of  source 

2.  Source  receding  from  a  stationary  observer 


v,  =  v 


f  ^  h 

V  v  +  us  J 


3.  Observer  approaching  a  stationary  source  of 
sound 

(  V  +  Ur.  ' 

v3=  V  - 

V  v 

where  u0  =  velocity  of  observer 

4.  Observer  receding  from  a  stationary  source  of 


sound 


V4  =  V 


v  -  u. 


5.  Both  approaching  each  other 


=  v 


^  v  +  u0  ^ 


u  —  It 


s  J 


6.  Both  receding  from  each  other 


v.  =  v 


v  -  u. 


V  +  11 


s  J 


7.  Source  approaching  a  receding  observer 


v7  =  v 


f  v  -  u0  ^ 


v  -  u 


sJ 


S.  Observer  approaching  a  receding  source 


vs  =  v 


f  V  +  u0  ^ 


\v  +  l‘sJ 

When  the  source  of  sound  goes  pass  stationary 
observer,  the  apparent  change  in  the  frequency  of 
sound  is  given  by 

2  VU..V 


Av  = 


If  us  «  v,  then  v2  -  u2  -  v2,  then  Av  =  - Us  V 

v 

When  the  observer  goes  past  a  stationary  source  of  sound, 
the  apparent  change  in  frequency  of  sound  is  given  by 

2uqV 

Av=  — — 


NOTE 


(1)  If  the  source  of  sound  moves,  the  apparent  change  in 
frequency  is  due  to  change  in  wavelength;  the  speed  of 
sound  remaining  the  same. 

(2)  If  the  observer  moves,  the  apparent  change  in  frequency 
is  due  to  change  in  the  speed  of  sound  relative  to  ob¬ 
server;  the  wavelength  of  sound  remaining  the  same. 


Effect  of  the  Motion  of  the  Medium  The  velocity  of 
material  or  mechanical  waves  is  affected  by  the  motion 
of  the  medium.  If  the  medium  is  moving  with  a  velocity 
um  in  the  direction  of  propagation  of  sound,  the  effective 
velocity  of  sound  is  increased  from  v  to  (v  +  um).  In 
this  case,  v  is  replaced  by  (v  +  um)  in  the  above  expres¬ 
sions.  On  the  other  hand,  if  the  medium  is  moving  with 
a  velocity  um  in  a  direction  opposite  to  the  direction  of 
wave  propagation,  v  is  replaced  by  (v  -  um). 


14.12  ;  DOPPLER  EFFECT  IN  LIGHT _ 

If  a  star  emitting  light  of  frequency  V  goes  away  from  the 
earth  with  a  speed  v,  the  apparent  frequency  V '  of  the  light 
reaching  the  earth  is  given  by 


\c  +  v  J 


where  c  is  the  speed  of  light.  Since  v  =  cfk  and  v'  =  c/A', 
we  have 
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or 


or 


C  C  1 

f  c 

I7  ”  I  1 

yC  +  V 

A'  , 

V 

—  =  1  + 

—  or 

A 

c 

A  A  v 

A' -A 
A 


v 

c 


The  apparent  change  in  wavelength  AA  is  called  the 
Doppler  shift.  If  the  wavelength  of  light  reflected  from 
a  moving  object  decreases,  the  object  is  moving  towards 
the  observer  and  vice  versa.  The  wavelength  of  light 
reflected  from  a  galaxy  is  found  to  increase.  This  is 
called  the  red  shift  which  indicates  that  the  galaxy  is 
receding  from  us.  The  red  shift  indicates  that  the  universe 
is  expanding. 


EXAMPLE  14.19 


A  train  standing  at  the  outer  signal  of  a  railway  station 
is  blowing  a  whistle  of  frequency  500  Hz.  The  speed 
of  sound  is  340  m  s_I. 

(i)  Find  the  frequency  of  the  sound  of  the  whistle 
heard  by  a  man  standing  on  the  platform  when 
the  train  (a)  approaches  the  platform  with  a 
speed  of  20  ms-1  and  (b)  recedes  from  the  plat¬ 
form  with  a  speed  of  20  ms~\ 

(ii)  What  is  the  speed  of  sound  in  each  case? 

(iii)  What  is  the  wavelength  of  sound  heard  by  the 
man  in  each  case? 


SOLUTION 


v  =  500  Hz,  u  =  20  m  s  \  v  a  340  m  s  1 


(i)  (a)  Train  approaching 
vv 

Vj  =  -  = 

v-us 

(b)  Train  receding 

.  vv 
V,  =  -  = 


V  +  u. 


500x340 

340-20 


500x340 
340  +  20 


=  531  Hz 


=  472  Hz 


(ii)  Since  the  observer  is  at  rest,  the  speed  of  sound 


relative  to  him  is  v  =  340  ms  1  in  cases  (a)  and 


(iii) 


(b). 

Now,  wavelength 
speed  of  sound  relative  to  observer 
frequency  of  sound  heard  by  him 
v  340 

In  case  (a)  A,  =  —  =  -  =  0.64  m 

Vj  531 

In  case  (b)  A\  =  —  =  =  0.72  m 

W  1  v;  472 


EXAMPLE  14.20 


A  train  standing  at  a  platform  is  blowing  a  whis¬ 
tle  of  frequency  500  Hz  in  still  air.  The  speed  of 
sound  in  still  air  is  340  m  s  '.  (i)  What  is  the  fre¬ 
quency  of  the  sound  of  the  whistle  heard  by  a  man 
on  a  trolley  which  is  moving  (a)  towards  the  en¬ 
gine  with  a  speed  of  20  m  s_1  and  (b)  away  from 
the  engine  with  a  speed  of  20  m  s_1?  (ii)  What  is 
the  speed  of  sound  heard  by  the  man  in  each  case? 
(iii)  What  is  the  wavelength  of  sound  heard  by  the 
man  in  each  case? 


SOLUTION 


V  =  500  Hz,  Uq  =  20  m  s  l,  v  =  340  m  s  1 

(i)  (a)  Observer  approaching 

_  v(v  +  llo)  _  500  x  (340 +  20) 

V  9  —  — 

2  V  340 

=  529  Hz 

(b)  Observer  receding 

_  v(v-u0 )  _  500  x  (340 -20) 

Vo 

2  v  340 

=  471  Hz 

(ii)  Since  the  observer  is  moving,  the  speed  of  sound 
heard  by  him  in  case  (a)  is  (v  +  u0 )  =  340  +  20  = 
360  m  s_1  and  case  (b)  it  is  ( v  -  u0)  =  340  -  20  = 
320  m  s'1, 

.....  ,TT  ,  ,  speed  of  sound  relative  observer 

(m)  Wavelength  = - 

frequency  of  sound  heard  by  him 

In  case  (a)  A'7  =  Z—Al. 

v'2 

v  —  t 

In  case  (b)  A,  =  - 

W 

Notice  that  A2  =  A'2. 


360 

529 

320 

471 


=  0.68  m 


=  0.68  m 


EXAMPLE  14.21 


■  An  ambulance  blowing  a  siren  of  frequency  700  Hz 
is  travelling  towards  a  vertical  reflecting  wall  with  a 
speed  of  2  ms-1.  If  the  speed  of  sound  is  350  m  s_1, 
calculate  the  number  of  beats  heard  in  one  second 
by 

(a)  the  driver  of  the  ambulance, 

(b)  a  person  standing  between  the  ambulance  and 
the  wall,  and 

(c)  a  person  standing  behind  the  ambulance. 
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SOLUTION 


1(a)  The  driver  will  hear  two  sounds,  one  coming 
directly  from  the  siren  and  the  other  reflected  at 
the  wall  or  coming  from  the  acoustic  image  of 
the  car.  v=  frequency  of  direct  sound  =  700  Hz. 
The  reflected  sound  can  be  imagined  to  be  com¬ 
ing  from  the  mirror  image  (shown  dotted  in  Fig. 
14.6). 


Fig.  14.6 


The  observer  (driver)  is  approaching  this 
image-source  which  is  also  approaching  him 
with  the  same  speed.  Hence,  the  frequency  of 
sound  heard  by  him  is  given  by  ( «0  =  us) 


V' 


V  +  Ur\ 

v - - 

v-us 


=  700  x 


350  +  2 
350-2 


=  708  Hz 


(c)  A  person  standing  at  B  will  hear  two  sounds,  one 
from  the  siren  receding  from  him  and  the  other 
from  the  mirror  image  of  the  siren  approaching 
him  with  the  same  speed. 


^  v  ^ 


Vv  +  uJ 


=  700  x 


=  696  Hz 


350 

350  +  2 


Vo  =  V 


v  —  u 


sJ 


=  700  x 


'  350  " 
v350  -  2y 


=  704  Hz 

Beat  frequency  =  V2  -  V(  =  704  -  696  =  8  Hz 


14.13 


INTENSITY,  QUALITY  AND  PITCH  OF 
SOUND 


1.  Intensity  The  intensity  of  a  travelling  wave  is 
defined  as  the  rate  at  which  energy  is  transferred 
per  unit  area  of  a  surface  held  perpendicular  to  the 
direction  of  propagation.  Intensity  /  of  a  wave  in  a 
medium  of  density  p  is  given  by 

1=  2  n1  p  v  A2  v2 

where  v  is  the  frequency  of  particle  oscillation,  A 
their  amplitude  and  v  is  the  velocity  of  the  wave  in 
that  medium. 

The  SI  unit  of  intensity  is  watt  per  square  metre 
(W  nT2). 

The  intensity  level  of  a  sound  wave  is  defined  by 
an  arbitrary  scale.  The  zero  of  the  scale  is  taken  at 
the  sound  wave  intensity 


Number  of  beats  heard  per  second  =  v'  —  V  = 
708  -  700  =  8 

Beat  frequency  =  8  Hz 

(b)  A  person  standing  at  A  will  hear  two  sounds, 
one  from  the  siren  approaching  him  and  the 
other  from  the  mirror  image  of  the  siren  also 
approaching  him  with  the  same  speed.  Hence  he 
will  hear  no  beats. 


J0  =  1  x  10~12  W  nT2 

which  corresponds  to  the  faintest  audible  sound. 
The  unit  of  intensity  level  is  called  decibel  (dB). 
Intensity  level  in  decibels  of  a  sound  of  intensity 


/=  10  log 


f-1 

vo  7 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 

1.  When  a  plane  harmonic  wave  of  wavelength  A 
travels  in  a  medium,  the  particle  speed  will  always 
be  less  then  the  wave  speed  if  the  amplitude  of  the 


(a)  less  then  —  (b)  less  then  A 

2  K 

A 

(c)  greater  then  — 


wave  is 


n 


(d)  greater  then  A 
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2.  An  open  pipe  and  a  closed  pipe  have  the  same 
length  L.  The  ratio  of  the  frequencies  of  their  n  th 
overtones  is 

2  n  „ .  n 


(a) 


(c) 


("  +  1) 

2  (n  + 1) 


(b) 


(d) 


(»  +  1) 
2(«  +  l) 


(n  +  2)  (2  n  + 1) 

3.  The  frequency  of  the  first  overtone  of  a  closed  pipe  is 
equal  to  that  of  the  first  overtone  of  an  open  pipe.  It  is 
also  found  that  a  vibrating  source  resonates  with  the 
n  th  harmonic  of  the  closed  pipe  and  with  the  m  th 
harmonic  of  the  open  pipe.  The  ratio  nhn  is 


,a)  I 

(O  | 


4.  A  standing  wave  is  produced  due  to  a  superposition 
of  the  incident  wave  and  the  wave  reflected  from 
a  boundary.  It  is  observed  that  the  amplitude  at 
antinode  is  9  times  that  at  node.  The  percentage  of 
the  incident  intensity  reflected  from  the  boundary 
is 

(a)  36%  (b)  64% 

(c)  72%  (d)  81% 

5.  A  source  emitting  a  sound  of  wavelength  A  is  in 
resonance  with  the  first  overtone  of  a  closed  pipe. 
Another  source  emitting  a  sound  of  wavelength 
A'  is  in  resonance  with  the  second  overtone  of  the 
same  pipe.  The  ratio  A/ A'  is 


,a)  I 
(0  | 


«! 


6.  The  displacements  of  a  particle  located  at  x  at  time 
t  due  to  two  waves  are  given  by 
y1  =  asin(cot  -  kx) 

And  y2  =  a  sin  (cot  -  kx  +  0) 

If  the  amplitude  of  the  resultant  wave  formed  by 
the  superposition  of  these  two  waves  is  a,  the  phase 
constant  </>  is  equal  to 


(a)  zero 


2  K 
(c)  — 
3 


,.)f 

<«T 


7.  Starting  from  rest,  an  observer  moves  with  a  con¬ 
stant  acceleration  a  towards  a  stationary  source 
emitting  a  sound  of  frequency  v0.  Which  of  the 


graphs  shown  in  Fig.  14.7  correctly  represents  the 
variation  of  the  apparent  frequency  V  of  sound  as 
heard  by  the  observer  with  time  tl 


(c) 


Fig.  14.7 


8.  A  train  is  moving  with  a  constant  speed  u  along 
a  circular  track.  A  siren  in  its  engine  is  emitting  a 
sound  of  frequency  v.  If  u  =  u/10,  where  v  is  the 
speed  of  sound,  the  apparent  frequency  of  sound  as 
heard  by  a  passenger  at  the  rear  end  of  the  train  is 


10 


9v 

10 

9v 

11 

(d)  v 

9.  A  progressive  wave  in  a  medium  is  represented  by 
the  equation 

y  =  0.1  sin  f  10 nt  -—kx 

\  11 

where  y  and  x  are  in  cm  and  t  in  seconds.  The 
maximum  speed  of  a  particle  of  the  medium  due 
to  the  waves  is 

(a)  lcms-1  (b)  lOcms-1 

(c)  K  cm  s  1  (d)  lO^rcms-1 

10.  A  tuning  fork  of  frequency  340  Hz  is  sounded 
above  a  cylindrical  tube  1  m  high.  Water  is  slowly 
poured  into  the  tube.  If  the  speed  of  sound  is  340 
ms1,  at  what  levels  of  water  in  the  tube  will  the 
sound  of  the  fork  be  appreciably  intensified? 

(a)  25  cm,  75  cm  (b)  20  cm,  80  cm 

(c)  15  cm,  85  cm  (d)  17  cm,  83  cm 

11.  A  sonometer  wire,  65  cm  long,  is  in  resonance 
with  a  tuning  fork  of  frequency  N.  If  the  length 
of  the  wire  is  decreased  by  1  cm  and  it  is  vibrated 
with  the  same  tuning  fork,  8  beats  are  heard  per 
second.  What  is  the  value  of  TV? 
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(a)  256  Hz  (b)  384  Hz 

(c)  480  Hz  (d)  512  Hz 

12.  Two  organ  pipes,  each  closed  at  one  end,  give  5 
beats  per  second  when  emitting  their  fundamental 
notes.  If  their  lengths  are  in  the  ratio  of  50  :  5 1 ,  their 
fundamental  frequencies  (in  Hz)  are 

(a)  250,  255  (b)  255,  260 

(c)  260,  265  (d)  265,  270 

13.  Two  sources  A  and  B  are  sounding  notes  of 
frequency  680  Hz.  A  listener  moves  from  A  to  B 
with  a  constant  velocity  u.  If  the  speed  of  sound 
is  340  ms-1,  what  must  be  the  value  of  u  so  that  he 
hears  10  beats  per  second? 

(a)  2.0  ms-1  (b)  2.5  ms-1 

(c)  3.0  ms-1  (d)  3.5  ms-1 

14.  Standing  waves  are  produced  by  the  superposition 
of  two  waves 

yx  =  0.05  sin  (3nt  -  2x) 
and  y2  =  0.05  sin  (3nt  +  2x) 

where  x  and  y  are  expressed  in  metres  and  t  is  in 
seconds.  What  is  the  amplitude  of  a  particle  at  x  = 
0.5  m.  Given  cos  (57.3°)  =  0.54. 

(a)  2.7  cm  (b)  5.4  cm 

(c)  8.1  cm  (d)  10.8  cm 

15.  The  transverse  displacement  of  a  string  fixed  at 
both  ends  is  given  by 

y  =  0.06  sin  cos  (120  nf) 

where  x  and  y  are  in  metres  and  t  is  in  seconds. 
The  length  of  the  string  is  1.5  m  and  its  mass  is 
3.0  x  1 0  2  kg.  What  is  the  tension  in  the  string? 

(a)  648  N  (b)  724  N 

(c)  832  N  (d)  980  N 

16  .  A  pipe  of  length  20  cm  is  closed  at  one  end.  Which 
harmonic  mode  of  the  pipe  is  resonantly  excited  by 
a  425  Hz  source?  The  speed  of  sound  =  340  ms-1, 
(a)  First  harmonic  (b)  Second  harmonic 

(c)  Third  harmonic  (d)  Fourth  harmonic 

17.  A  pipe  of  length  20  cm  is  open  at  both  ends.  Which 

harmonic  mode  of  the  pipe  is  resonantly  excited  by 
a  1700  Hz  source?  The  speed  of  sound  =  340  ms1, 
(a)  First  harmonic  (b)  Second  harmonic 

(c)  Third  harmonic  (d)  Fourth  harmonic 

18.  Two  sitar  strings  A  and  B  are  slightly  out  of  tune 
and  produce  beats  of  frequency  6  Hz.  When  the 
tension  in  string  A  is  slightly  decreased,  the  beat 
frequency  is  found  to  be  reduced  to  3  Hz.  If  the 
original  frequency  of  A  is  324  Hz,  what  is  the 
frequency  of  B? 


(a)  318  Hz  (b)  321  Hz 

(c)  327  Hz  (d)  330  Hz 

19.  A  metal  wire  of  diameter  1  mm  is  held  on  two  knife 
edges  separated  by  a  distance  of  50  cm.  The  tension 
in  the  wire  is  100  N.  The  wire  vibrating  with  its 
fundamental  frequency  and  a  vibrating  tuning  fork 
together  produce  5  beats  per  second.  The  tension 
in  the  wire  is  then  reduced  to  81  N.  When  the  two 
are  excited,  beats  are  heard  at  the  same  rate.  What 
is  the  frequency  of  the  fork? 

(a)  90  Hz  (b)  95  Hz 

(c)  100  Hz  (d)  105  Hz 

20.  A  submarine  is  fitted  with  a  SONAR  (Sound  Navi¬ 
gation  and  Ranging)  system  which  operates  at  an 
ultrasonic  frequency  of  42  kHz.  An  enemy  subma¬ 
rine  is  moving  towards  the  SONAR  with  a  speed 
of  200  ms-1.  If  the  speed  of  sound  in  seawater  is 
1400  ms-1,  what  is  the  frequency  of  sound  received 
back  at  the  SONAR  fitted  submarine  after  reflec¬ 
tion  from  the  enemy  submarine? 

(a)  36  kHz  (b)  42  kHz 

(c)  48  kHz  (d)  56  kHz 

21.  A  machine  gun  is  mounted  on  a  tank  moving  at 
a  speed  of  20  ms-1  towards  a  target  with  the  gun 
pointing  in  the  direction  of  motion  of  the  tank. 
The  muzzle  speed  of  the  bullet  equals  the  speed 
of  sound  =  340  ms-1.  If,  at  the  time  of  firing,  the 
target  is  500  m  away  from  the  tank,  then 

(a)  the  sound  arrives  at  the  target  later  than  the 
bullet 

(b)  the  sound  arrives  at  the  target  earlier  than  the 
bullet 

(c)  both  sound  and  bullet  arrive  at  the  target  at 
the  same  time 

(d)  the  bullet  will  never  arrive  at  the  target. 

22.  Out  of  the  four  choices  given  in  Q.  21  above, 
choose  the  correct  choice,  if  the  gun  points  in  a 
direction  opposite  to  the  direction  of  motion  of  the 
tank. 

23.  Three  sound  waves  of  equal  amplitudes  have 
frequencies  (v-  1),  (v)  and  (v+  1).  They  superpose 
to  give  beats.  The  number  of  beats  produced  per 
second  will  be 


(a)  v 

(c)  2 

(d)  1 

24.  The  speed  of  sound  in  hydrogen  at  STP  is  v.  The 
speed  of  sound  in  a  mixture  containing  3  parts  of 
hydrogen  and  2  parts  of  oxygen  at  STP  will  be 
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(a) 


v 

2 


(b) 


v 

V5 


(c)  V7  v  (d) 

25.  The  speed  of  sound  in  hydrogen  at  STP  is  v.  What 
is  the  speed  of  sound  in  helium  at  STP? 


v 

(a)  Ti 

(c)  -Jl 


V 

(b)  - 
2 

(d)  2  v 


26.  Nine  tuning  forks  are  arranged  in  order  of  increas¬ 
ing  frequency.  Each  tuning  fork  produces  4  beats 
per  second  when  sounded  with  either  of  its  neigh¬ 
bours.  If  the  frequency  of  the  9th  tuning  fork  is 
twice  that  of  the  first,  what  is  the  frequency  of  the 
first  tuning  fork? 


(a)  32  Hz  (b)  40  Hz 

(c)  48  Hz  (d)  56  Hz 


27.  A  sonometer  wire  of  length  120  cm  is  divided  into 
three  segments  of  lengths  in  the  ratio  of  1  :  2  :  3. 
What  is  the  ratio  of  their  fundamental  frequencies? 

(a)  3  :  2  :  1  (b)  4  :  2  :  1 

(c)  5  :  3  :  2  (d)  6  :  3  :  2 


28.  A  tuning  fork  produces  4  beats  per  second  when 
sounded  with  a  sonometer  wire  of  vibrating  length 
48  cm.  It  produces  4  beats  per  second  also  when  the 
vibrating  length  is  50  cm.  What  is  the  frequency  of 
the  tuning  fork? 

(a)  196  Hz  (b)  284  Hz 

(c)  375  Hz  (d)  460  Hz 


29.  Two  identical  strings  of  a  stringed  musical  instru¬ 
ment  are  in  unison  when  stretched  with  the  same 
tension.  When  the  tension  in  one  string  is  increased 
by  1%,  the  musician  hears  4  beats  per  second.  What 
was  the  frequency  of  the  note  when  the  strings  were 
in  unison? 

(a)  796  Hz  (b)  800  Hz 

(c)  804  Hz  (d)  808  Hz 

30.  Two  identical  flutes  produce  fundamental  notes  of 
frequency  300  Hz  at  27°C.  If  the  temperature  of  the 
air  in  one  flute  is  increased  to  3 1°C,  the  number  of 
beats  heard  per  second  will  be 

(a)  1  (b)  2 

(c)  3  (d)  4 

31.  The  wavelength  of  light  of  a  particular  wavelength 
received  from  a  galaxy  is  measured  on  earth  and 
is  found  to  be  5%  more  that  its  wavelength.  It 
follows  that  the  galaxy  is 


(a)  approaching  the  earth  with  a  speed  3  x  107 
ms~* 

(b)  going  away  from  the  earth  with  a  speed 
3  x  107  ms-1 

(c)  approaching  the  earth  with  a  speed  1.5  x  107 
ms~* 

(d)  going  away  from  the  earth  with  a  speed 
1.5  x  107  ms-1 

32.  Radiowaves  of  frequency  600  MHz  are  sent  by  a 
radar  towards  an  enemy  aircraft.  The  frequency 
of  the  radiowaves  reflected  from  the  aircraft  as 
measured  at  the  radar  station  is  found  to  increase 
by  6  kHz.  It  follows  that  the  aircraft  is 

(a)  approaching  the  radar  station  with  a  speed 
1.5  kms-1 

(b)  going  away  from  the  radar  station  with  a 
speed  1.5  kms~' 

(c)  approaching  the  radar  station  with  a  speed 
3  kms-1 

(d)  going  away  from  the  radar  station  with  a 
speed  3  kms”1. 

33.  An  observer  moves  towards  a  stationary  source 
of  sound  with  a  velocity  one-tenth  the  velocity  of 
sound.  The  apparent  increase  in  frequency  is 

(a)  zero  (b)  5% 

(c)  10%  (d)  0.1% 

34.  A  wave  represented  by  the  equation  y  =  a  cos  ( kx 
-  cot)  is  superposed  with  another  wave  to  form  a 
stationary  wave  such  that  the  point  x  =  0  is  a  node. 
The  equation  of  the  other  wave  is 

(a)  y'  =  a  sin  (kx  +  (Ot) 

(b)  y'  =  -  a  cos  (kx  -  cot) 

(c)  y'  =  -  a  cos  (kx  +  cot) 

(d)  y'  =  -  a  sin  (kx  -  cot) 

<  IIT,  1983 

35.  Two  wires  of  the  same  material  and  radii  r  and  2 r 
are  welded  together  end  to  end.  The  combination 
is  used  as  a  sonometer  wire  and  kept  under  tension 
T.  The  welded  point  is  mid-way  between  the  two 
bridges.  When  stationary  waves  are  set  up  in  the 
composite  wire,  the  joint  is  a  node.  Then  the  ratio 
of  the  number  of  loops  formed  in  the  thinner  to 
thicker  wire  is 

(a)  2  :  3  (b)  1:2 

(c)  2  :  1  (d)  5  :  4 

36.  A  uniform  rope  of  length  12  m  and  mass  6  kg 
hangs  vertically  from  a  rigid  support.  A  block  of 
mass  2  kg  is  attached  to  the  free  end  of  the  rope.  A 
transverse  pulse  of  wavelength  0.06  m  is  produced 
in  the  lower  end  of  the  rope.  What  is  the  wavelength 
of  the  pulse  when  it  reaches  the  top  of  the  rope? 
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(a)  0.06  m  (b)  0.03  m 

(c)  0.12  m  (d)  0.09  m 

<  IIT,  1984 

37.  A  tube  closed  at  one  end  containing  air,  produces, 
when  excited,  the  fundamental  note  of  frequency 
512  Hz.  If  the  tube  is  open  at  both  ends,  the  funda¬ 
mental  frequency  that  can  be  excited  is  (in  Hz) 

(a)  1024  (b)  512 

(c)  256  (c)  128 

<  IIT,  1986 

38.  Two  sound  waves  of  equal  intensity /produce  beats. 
The  maximum  intensity  of  sound  produced  in  beats 
will  be 


(a)  /  (b)  41 

(c)  21  (d)  1/2 

39.  Two  travelling  waves 

yl  =  A  sin  [k(x  +  ct )] 
and  y2  ~  A  sin  [k(x  -  ct )] 
are  superposed  on  a  string.  The  distance  between 
adjacent  nodes  is 


(a) 

ct 

(b) 

n 

(c) 

n 

2k 

(d) 

<  IIT,  1992 

40.  Three  waves  of  equal  frequency  having  amplitudes 
1 0  |uu,  4  pm  and  7  pm  arrive  at  a  given  point  with 
a  successive  phase  difference  of  n/2.  The  amplitude 
of  the  resulting  wave  in  pm  is  given  by 

(a)  7  (b)  6 

(c)  5  (d)  4 

41.  A  transverse  wave  is  represented  by 


y  =  To  sin  (vt  -  x)J 

For  what  value  of  A  is  the  maximum  particle  veloc¬ 
ity  equal  to  twice  the  wave  velocity? 

(a)  A  =  2  ny()  (b)  A  = 

(c)  A  =  (d)  A  =  ny0 

42.  A  train  blowing  its  whistle  moves  with  a  constant 
velocity  u  away  from  the  observer  on  the  ground. 
The  ratio  of  the  actual  frequency  of  the  whistle  to 
that  measured  by  the  observer  is  found  to  be  1.2.  If 
the  train  is  at  rest  and  the  observer  moves  away  from 
it  at  the  same  velocity,  the  ratio  would  be  given  by 
(a)  0.51  (b)  1.25 

(c)  1.52  (d)  2.05 

<  IIT,  1993 


43.  An  organ  pipe  Px,  closed  at  one  end  vibrating  in 
its  first  harmonic  and  another  pipe  P2,  open  at 
both  ends  vibrating  in  its  third  harmonic,  are  in 
resonance  with  a  given  tuning  fork.  The  ratio  of  the 
lengths  of  Px  and  P2  is 


(a) 

8 

3 

(b) 

(c) 

1 

2 

(d) 

<  IIT,  1988 


44.  The  extension  in  a  string,  obeying  Hookes’  law,  is 
x.  The  speed  of  the  wave  in  the  stretched  string  is 
v.  If  the  extension  in  the  string  is  increased  to  1.5 
x,  the  speed  of  the  wave  in  the  string  will  be 
(a)  1.22  v  (b)  0.61  v 

(c)  1.50  v  (d)  0.75  v 


<  IIT,  1996 

45.  A  travelling  wave  in  a  stretched  string  is  described 
by  the  equation 

y  =  A  sin  ( kx  —  cot) 

The  maximum  particle  velocity  is 


(a)  A  co 

(b) 

dco 

(C)  dk 

(d) 

<  IIT,  1997 


46.  A  transverse  sinusoidal  wave  of  amplitude  a,  wave¬ 
length  A  and  frequency  /is  travelling  on  a  stretched 
string.  The  maximum  speed  at  any  point  on  the 
string  is  v/\0,  where  v  is  the  speed  of  propagation 
of  the  wave.  If  a  =  10~3  m  and  v  =  10  ms”1,  then  A 
and / are  given  by 

103 

(a)  A  2n  x  10  2  m,  /=  -  Hz 

2  n 

(b)  A  =  10~2  m,  /=  103  Hz 

(c)  A  =  10~3  m,  /=  104  Hz 


(d)  A  = 


10 


-2 


2  n 


m,  f=2nx  103  Hz 


■  IIT,  1998 


47.  The  ratio  of  the  speed  of  sound  in  nitrogen  gas  to 
that  in  helium  gas  at  300  K  is 


<  IIT,  1999 


48.  Two  vibrating  strings  of  the  same  material  but 
lengths  L  and  2 L  have  radii  2 r  and  r,  respectively. 
They  are  stretched  under  the  same  tension.  Both  the 
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strings  vibrate  in  their  fundamental  modes,  the  one 
of  length  L  with  frequency  vl  and  the  other  with 
frequency  v2.  The  ratio  v1/v2  is  given  by 

(a)  2  (b)  4 

(c)  8  (d)  1 

<  IIT,  2000 

49.  Two  sounds  of  wavelengths  5  m  and  6  m,  travel¬ 
ling  in  a  medium  produce  10  beats  per  second.  The 
speed  of  sound  in  the  medium  is 

(a)  300  ms-1  (b)  320  ms-1 

(c)  350  ms-1  (d)  1200  ms-1 

50.  The  frequencies  of  tuning  forks  A  and  B  are 
respectively  3%  more  and  2%  less  than  the  fre¬ 
quency  of  fork  C.  When  A  and  B  are  simultane¬ 
ously  excited  5  beats  per  second  are  produced.  The 
frequency  (in  Hz)  of  fork  A  is 

(a)  98  (b)  100 

(c)  103  (d)  105 

51.  A  metallic  wire  with  tension  T  and  at  temperature 
30°C  vibrates  with  its  fundamental  frequency  of 
1  kHz.  The  same  wire  with  the  same  tension  but 
at  10°C  temperature  vibrates  with  a  fundamental 
frequency  of  1.001  kHz.  The  coefficient  of  linear 
expansion  of  the  wire  is 

(a)  2  x  KT^CT1  (b)  1.5  x  lO^CT1 

(c)  1  x  10  4  °C  1  (d)  0.5  x  KT^CT1 

52.  A  knife-edge  divides  a  sonometer  wire  into  two 
parts.  The  fundamental  frequencies  of  the  two 
parts  are  Vj  and  v2-  The  fundamental  frequency 
of  the  sonometer  wire  when  the  knife-edge  is 
removed  will  be 


(a)  v,  +  v2 


(b) 


]_ 

2 


(Vi  +  v2) 


(c)  >1V2  (d)  1  2 

Vi+V2 

53.  A  sonometer  wire  is  stretched  by  a  hanging  metal 
bob.  Its  fundamental  frequency  is  vq.  When  the 
bob  is  completely  immersed  in  water,  the 
frequency  becomes  v2.  The  relative  density  of  the 
metal  is 


(a) 


(c) 


Vi2 


-v22 


v,  -v. 


(b) 


(d) 


-v2 


V,  -v. 


54.  Two  pulses  in  a  stretched  string  whose  centers 
are  initially  8  cm  apart  are  moving  towards  each 
other  as  shown  in  Fig.  14.8.  The  speed  of  each  pulse 
is  2  cm/s.  After  2  seconds,  the  total  energy  of  the 


pulses  will  be 

(a)  zero 

(b)  purely  kinetic 

(c)  purely  potential 

(d)  partly  kinetic  and  partly  potential 

<  IIT,  2001 


8  cm 

Fig.  14.8 

55.  A  siren  placed  at  a  railway  platform  is  emitting 
sound  of  frequency  5  kHz.  A  passenger  sitting  in 
a  moving  train  A  records  a  frequency  of  5.5  kHz 
while  the  train  approaches  the  siren.  During  his 
return  journey  in  a  different  train  B  he  records  a 
frequency  of  6.0  kHz  while  approaching  the  same 
siren.  The  ratio  of  the  velocity  of  train  B  to  that  of 
train  A  is 

(a)  242/252  (b)  2 

(c)  5/6  (d)  11/6 

<  IIT,  2002 

56.  A  sonometer  wire  resonates  with  a  given  tuning 
fork  forming  standing  waves  with  five  antinodes 
between  the  two  bridges  when  a  mass  of  9  kg  is 
suspended  from  the  wire.  When  this  mass  is  re¬ 
placed  by  a  mass  M,  the  wire  resonates  with  the 
same  tuning  fork  forming  three  antinodes  for  the 
same  positions  of  the  bridges.  The  value  of  Mis 

(a)  25  kg  (b)  5  kg 

(c)  12.5  kg  (d)  (1/25)  kg 

<  IIT,  2002 

57.  A  police  van,  moving  at  22  ms-1,  chases  a  motor¬ 
cyclist.  The  policeman  sounds  his  horn  at  176  Hz, 
while  both  of  them  move  towards  a  stationary  si¬ 
ren  of  frequency  165  Hz,  as  shown  in  the  figure. 

Police  van  Motorcycle  Stationary  siren 

•  — *■  22  ms-1  •  — *"  um  • 

176  Hz  165  Hz 

If  the  motorcyclist  does  not  observe  any  beats,  his 
speed  must  be  (take  the  speed  of  sound  =  330  ms-1) 
(a)  33  ms-1  (b)  22  ms-1 

(c)  zero  (d)  11  ms-1 

<  IIT,  2003 

58.  In  the  experiment  for  the  determination  of  the  speed 
of  sound  in  air  using  the  resonance  column,  it  is 
observed  that  0.1  m  of  air  column  resonates  with 
a  tuning  fork  in  the  fundamental  mode.  When  the 
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length  of  the  air  column  is  changed  to  0.35  m,  the 
same  tuning  fork  resonates  with  the  first  overtone. 
What  is  the  end  correction? 

(a)  0.0125  m  (b)  0.025  m 

(c)  0.05  m  (d)  0.075  m 

<  IIT,  2003 

59.  Transverse  waves  are  generated  in  two  uniform 

_3 

steel  wires  A  and  B  of  diameters  10  m  and  0.5  X 

—3 

1 0  m  respectively,  by  attaching  their  free  end  to  a 
vibrating  source  of  frequency  500  Hz.  The  ratio  of 
the  wavelengths  if  they  are  stretched  with  the  same 
tension  is 


(a)  \ 

(b) 

1 

V2 

(c)  2 

(d) 

V2 

60.  A  wire  is  stretched  between  two  rigid  supports  with  a 
certain  tension.  It  is  observed  that  the  wire  resonates 
in  the  nth  harmonic  at  a  frequency  of  420  Hz.  The 
next  higher  frequency  at  which  the  wire  resonates  is 
490  Hz.  The  value  of  n  is 

(a)  2  (b)  4 

(c)  6  (d)  8 

61.  The  fundamental  frequency  of  a  sonometer  wire 
increases  by  6  Hz  if  its  tension  is  increased  by  44%, 
keeping  the  length  constant.  The  frequency  of  the 
wire  is 

(a)  24  Hz  (b)  30  Hz 

(c)  36  Hz  (d)  42  Hz 

62.  Which  of  the  following  functons  represents  a  trav¬ 
elling  wave?  Here  a,  b  and  c  are  constants. 

(a)  y  =  a  cos  {bx)  sin  ( ct ) 

(b)  y  =  a  sin  {bx)  cos  {ct) 

(c)  y  =  a  sin  {bx  +  ct)- a  sin  {bx  -  ct) 

(d)  y  =  a  sin  {bx  +  ct) 

63.  A  sonometer  wire  is  vibrating  with  a  frequency  of 
30  Hz  in  the  fundamental  mode.  If  the  length  of 
the  wire  is  increased  by  20%,  the  change  in  the 
frequency  of  the  fundamental  mode  is 

(a)  5  Hz  (b)  10  Hz 

(c)  15  Hz  (d)  20  Hz 

64.  An  organ  pipe  Px,  closed  at  one  end  and  containing 
a  gas  of  density  p,  is  vibrating  in  its  first  harmonic. 
Another  organ  pipe  P2,  open  at  both  ends  and 
containing  a  gas  of  density  p2  is  vibrating  in  its  third 
hannonic.  Both  the  pipes  are  in  resonance  with  a 
given  tuning  fork.  If  the  compressibility  of  gases 
is  equal  in  both  pipes,  the  ratio  of  the  lengths  of  Px 
and  P2  is 


(a)  I 

3 

(0  IS 

6  V  p2 


(b)  3 


(d) 


<  IIT,  2004 


65.  A  source  of  sound  of  frequency  600  Hz  is  placed 
inside  water.  The  speed  of  sound  in  water  is  1500 
ms-1  and  in  air  it  is  300  ms-1.  The  frequency  and 
wavelength  of  sound  recorded  by  an  observer  who 
is  standing  in  air  respectively  are 


(a)  600  Hz,  0.5  m  (b)  600  Hz,  2.5  m 

(c)  3000  Hz,  0.4  m  (d)  120  Hz,  2  m 

<  IIT,  2004 

66.  In  the  resonance  tube  experiment  for  determining 
the  speed  of  sound  in  air  using  a  tuning  fork  of 
frequency  480  Hz,  the  first  resonance  was  observed 
at  17.7  cm  of  air  column  and  the  second  at  53.1  cm. 
The  maximum  possible  error  in  the  speed  of  sound 
in  air  is 

(a)  192  cm  s_1  (b)  96  cm  s_1 

(c)  64  cm  s_1  (d)  48  cm  s_1 

<  IIT,  2005 

67.  A  rod  AB  of  length  L  is  hung  from  two  identical 
wires  1  and  2.  A  block  of  mass  m  is  hung  at  point 
O  of  the  rod  as  shown  in  Fig.  14.9.  The  value  of  x 
so  that  a  tuning  fork  excites  the  fundamental  mode 
in  wire  1  and  the  second  harmonic  in  wire  2  is 


(a) 

(c) 


L 

5 

L 

3 


68.  Two  tuning  forks,  each  of  frequency  v,  move  rela¬ 
tive  to  a  stationary  observer.  One  fork  moves  away 
from  the  observer  with  a  speed  u  while  the  other 
fork  moves  towards  him  at  the  same  speed.  The 
speed  of  sound  is  v.  If  u  «  v,  the  observer  hears 
beats  of  frequency 
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Vu 
V 

VU 

v  2v 

69.  The  vibrations  of  a  string  of  length  60  cm  fixed  at 
both  ends  are  represented  by 


(a)  zero 

(b) 

,  2  vu 

(d) 

(c)  - 

y  =  4  sin^— Jcos  (96  nt) 

where  x  and  y  are  in  cm  and  t  in  second.  The 
particle  velocity  at  x  =  7.5  cm  and  t  =  0.25  s  is 


(a)  zero 

(b) 

10  cm  s  1 

(c)  100  cm  s-1 

(d) 

(4  x  96)  cm  s 

<  IIT,  1985 


70.  A  uniform  rope  of  mass  M hangs  vertically  from  a 
rigid  support.  A  block  of  mass  m  is  attached  to  the 
free  end  of  the  rope.  A  transverse  pulse  of  wave¬ 
length  A  is  produced  at  the  lower  end  of  the  rope. 
The  wavelength  of  the  pulse  when  it  reaches  the  top 
of  the  rope  is 


(a) 


m  ) 


(b) 


A 

m  J 


(a)  344  (b)  336 

(c)  117.3  (d)  109.3 

<  IIT,  2008 

73.  A  transverse  sinusoidal  wave  moves  along  a  string 
in  the  postive  x-direction  at  a  speed  of  10  cm  s_1. 
The  wavelength  of  the  wave  is  0.5  m  and  its  ampli¬ 
tude  is  1 0  cm.  At  a  particular  time  t,  the  snap-shot 
of  the  wave  is  shown  in  Fig.  14.10.  The  velocity  of 
point  P  when  its  displacement  is  5  cm  is 


Fig.  14.10 


(a) 

7T\/3  -  _! 

- /ms 

50 

(b) 

(c) 

/rV3  ~  i 

- /ms 

50 

(d) 

71^2  ~ 


50 


y  ms 


l 


n^3  ~  _i 
- ims 


50 


71. 


72. 


(c)  (£) 

<  IIT,  1984 

A  band  playing  music  at  a  frequency  /  is  moving 
towards  a  wall  at  a  speed  u.  A  motorist  is  following 
the  band  with  the  same  speed  u.  If  v  is  the  speed  of 
sound,  the  beat  frequency  heard  by  the  motorist  is 

2  fu 


(a)/ 


(b) 


(v  +  u) 


(C) 


/(«  +  V) 

(v  —  u) 


(d) 


2  fu 

(v  -  u) 


<  IIT,  2009 

74.  A  point  mass  is  subjected  to  two  simultaneous  sinu¬ 
soidal  displacements  in  x-direction,  xx(t)  =  A  sinmf 
f  2n\ 

and  x2(t)  =  A  sin  \  cot  +  —  I .  Adding  a  third  sinu¬ 
soidal  displacement  x3(i)  =  B  sin(<y?  +  (f> )  brings  the 
mass  to  a  complete  rest.  The  values  of  B  and  0  are 


(a) 

(b) 

.  4  n 

A’~r 

4 

3 

(c) 

73 X- 
6 

(d) 

A- 

’3 

A  vibrating  string  of  certain  length  L  under  a  ten¬ 
sion  T  resonates  with  a  mode  corresponding  to  the 
first  overtone  (third  harmonic)  of  an  air  column  of 
length  75  cm  inside  a  tube  closed  at  one  end.  The 
string  also  generates  4  beats  per  second  when  ex¬ 
cited  along  with  a  tuning  fork  of  frequency  n.  Now 
when  the  tension  of  the  string  is  slighty  increased 
the  number  of  beats  reduces  to  2  per  second.  As¬ 
suming  the  velocity  of  sound  in  air  to  be  340  m/s, 
the  frequency  n  of  the  tuning  fork  in  Hz  is 


<  IIT,  2011 

75.  A  police  car  with  a  siren  of  frequency  8  kHz  is 
moving  with  uniform  velocity  36  km/hr  towards  a 
tall  building  which  reflects  the  sound  waves.  The 
speed  of  sound  in  air  is  320  m/s.  The  frequency  of 
the  siren  heard  by  the  car  driver  is 

(a)  8.50  kHz  (b)  8.25  kHz 

(c)  7.75  kHz  (d)  7.50  kHz 

<  IIT,  2011 
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ANSWERS 


1.  (a) 

2.  (d) 

3.  (b) 

4.  (b) 

5.  (a) 

6.  (c) 

7.  (d) 

8.  (d) 

9.  (c) 

10.  (a) 

11.  (d) 

12.  (a) 

13.  (b) 

14.  (b) 

15.  (a) 

16.  (a) 

17.  (b) 

18.  (a) 

19.  (b) 

20.  (d) 

21.  (a) 

22.  (b) 

23.  (d) 

24.  (d) 

25.  (a) 

26.  (a) 

27.  (d) 

28.  (a) 

29.  (b) 

30.  (b) 

31.  (d) 

32.  (a) 

33.  (c) 

34.  (c) 

35.  (b) 

36.  (b) 

37.  (a) 

38.  (b) 

39.  (d) 

40.  (c) 

41.  (d) 

42.  (b) 

43.  (b) 

44.  (a) 

45.  (a) 

46.  (a) 

47.  (c) 

48.  (d) 

49.  (a) 

50.  (c) 

51.  (d) 

52.  (d) 

53.  (a) 

54.  (b) 

55.  (b) 

56.  (a) 

57.  (b) 

58.  (b) 

59.  (a) 

60.  (c) 

61.  (b) 

62.  (d) 

63.  (a) 

64.  (d) 

65.  (a) 

66.  (a) 

67.  (a) 

68.  (c) 

69.  (a) 

70.  (b) 

71.  (d) 

72.  (a) 

73.  (a) 

74.  (b) 

75.  (a) 

SOLUTION 


1.  For  a  plane  harmonic  wave,  the  particle  displace¬ 
ment  is  given  by 

y  =  A  sin  ( cot  -  kx ) 

dy 

Particle  speed  V  =  —  =  Aco cos  (cot -  kx) 
dt 

4™  x  =  Aco=2nAv 
Wave  speed  v  =  v~k 

Particle  speed  will  always  less  than  wave  speed  if 
2kAv<  vA 


or  A  <  — 

In 

2.  In  an  open  pipe,  all  harmonics  (even  as  well  as  odd) 
are  present,  but  in  a  closed  pipe,  only  odd  harmonics 
are  present.  Thus,  in  an  open  pipe,  the  second 
harmonic  is  the  first  overtone,  the  third  harmonic 
is  the  second  overtone  and  so  on.  In  a  closed  pipe, 
the  third  harmonic  is  the  first  overtone,  the  fifth 
harmonic  is  the  second  overtone  and  so  on.  If  v  is 
the  speed  of  sound,  the  frequency  of  the  n  th  over¬ 
tone  in  an  open  pipe  is 

In  a  closed  pipe,  the  frequency  of  the  nth  overtone 
is 

Vc=(2n+  1) 


4o  =  2(n  +  l) 
Vc  (In  + 1) 


3.  Let  Lc  be  the  length  of  the  closed  pipe  and  L0  of  the 
open  pipe.  It  is  given  that 


4  L. 


=  2 


k  v  \ 


\2LoJ 


4 

L. 


3 

4 


Further,  the  frequency  of  the  nth  harmonic  of  the 
closed  pipe  =  frequency  of  the  ;nth  harmonic  of  the 
open  pipe,  i.e, 

nv  _  mv  n  — 1,3,5,  •  ••  etc. 

4 L„  2 4,  ’  m  -  1, 2, 3,  •  •  •  etc. 


24.  „  3  3 

c  =  2  x  -  =  - 


n 

=>  —  — 

m  La  4  2 

4.  Let  Ai  and  Ar  be  the  amplitudes  of  the  incident  and 
reflected  waves.  Then 
Amplitude  at  antinode  =  A  t  +  Ar 
Amplitude  at  node  =  At  -  Ar 
Given 


A;  +A„ 


=  9 


A 

A, 


=  0.8 


Intensity  is  proportional  to  the  square  of  the 
amplitude. 

Hence 


zz.  = 


fA,  ^ 


\Ai  J 


=  (0.84  =  0.64  =  64% 
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5.  Let  L  be  the  length  of  the  pipe. 

For  first  overtone;  L  =  —  =>  X  =  — 

2  3 

For  second  overtone;  L  =  =>  X  =  — 

2  5 

,  which  is  choice  (a) 

X'  3 

6.  The  resultant  amplitude  is  given  by 

A2  =  a  j  +  a\  +  2ax  a2  cos  0  (1) 

Given  A  =  al  =  a-,  =  a.  Substituting  these  in  Eq 

(1), 

We  have 

a2  =  a2  +  a2  +  2 a2  cos  0 

,  1.2  n 

=^>  COS  0  =  -  —  =>  0  =  - 

2  3 

So  the  correct  chose  is  (c). 

7.  Speed  of  observer  at  time  t  is  u0  =  0  +  at  =  at 

'  v  +  «0 


Apparent  frequency  V  =  v0 


=  vf 


v 

v+  at 
v 

aVn 

=  v0  +  -Q-t 

v 

This  is  the  equation  of  a  straight  line  with  a  positive 

,  ava  ,  ... 

slope  777  =  -  and  a  positive  intercept  c  =  v0 

v 

Hence  the  correct  choice  is  (d). 

8.  Refer  to  Fig.  14.11. 


The  components  of  u  o  and  us  along  the  direction 
of  the  velocity  of  sound  are  u0  cos 6  and  us  cos  0 


given  77 0  =  us  =  u.  Thus,  the  source  is  receding  from 
the  observer  with  a  speed  u  cos  0  and  the  observer 
is  approaching  the  source  with  the  same  speed 
u  COS0 


Apparent  frequency  v'  =  V 


v  +  u  cos  9 


v  +  u  cos  9 


=  V 


Hence  the  correct  chose  is  (d) 

9.  The  speed  of  particle  is  given  by 

d  y  f  5 

V  =  ——  =  0.1  x  10  n  cos  \9nt - nx 

dt  111 

Lmax  =  0.1  x  10  n  =  n  cms-1. 

Hence  the  correct  choice  is  (c). 

10.  Frequency  of  sound  emitted  by  a  closed  pipe  of 

v 

length  L  in  the  fundamental  mode  is  V  =  — .  For 

4  L 

resonance  v  =  v'  where  V '  is  the  frequency  of 

340 

the  tuning  fork.  Thus  340  =  -  or  4  L  =  1  m  or 

4 

L  =  25  cm.  The  next  resonance  occurs  at  —  L  =  1 

3 

m  orZ  =  75  cm. 

Hence  the  correct  choice  is  (a). 

1  ^  ^ 


11.  N'  = 


2(65-1) 
Therefore 

N'  2  x  65 


T  1  T 

—  .  Given  N  = - A — 

777  2  X  65  V  777 


65 


=  —  Also  N'-N  = 
N  2(65-1)  64 

or  N'=N+  8. 

N  +  8  65  ,  .  ,  .  TT 

- =  —  which  gives  TV  =  512  Hz. 

N  64 

Hence  the  correct  choice  is  (d). 


Therefore  — — —  =  —  which  gives  V,  =  250  Hz. 
Vj  +  5  51  5  1 

Hence  v2  =  250  +  5  =  255  Hz  which  is  choice  (a). 

13.  The  listener  moves  away  fromH  and  approaches  B. 
Hence  the  apparent  frequencies  are 


V]  =  v  1  — 
V 


and 


v2  =  v  1 1  +  — 
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v2  -  Vj  =  2  v  u/v.  It  is  given  that 

v2  -  v,  =  10,  v  =  340  ms-1  and  v  =  680  Hz. 

Substituting  these  values  we  get 

. .  2  x  680  xu  „  r 

10  =  -  or  u  =  2.5  ms  . 

340 

Hence  the  correct  choice  is  (b). 

14.  The  resultant  displacement  is  given  by 

y  =  y  i  +  T2 

=  0.05  {sin  (3nt  -  2x)  +  sin  (3 nt  +  2x)} 
Using  the  trigonometric  relation 

sin  (a  +  fi)  +  sin  (a  -  ft)  =  2  sin  a  cos  ft 
we  have  y  ~  0. 1  cos  2x  ■  sin  3nt 
or  y  =  R  sin  3nt 

where  R,  the  amplitude  of  standing  waves,  is  given 
by  R  =  0. 1  cos  2x  with 
x  =  0.5  m 

cos  2x  =  cos  (2  x  0.5  rad) 

=  cos  (1  rad)  =  cos  57.3° 

=  0.54 

Amplitude  R  at  x  =  0.5  is  0.1  X  0.54 
=  0.054  m  =  5.4  cm 

15.  Let  A  be  the  wavelength,  vthe  frequency  and  v  the 

speed  of  each  wave.  Then 

2k  . 

—  =  coefficient  of  x  in  the  argument  of  the  sine 

A  2  ^ 

function  =  — — 

3 

or  A  =  3  m. 

Also  co  =  2 kv  =  coefficient  of  t  in  the 
argument  of  the  sine  function 
=  120  k 

which  gives  v  =  60  Hz. 

Hence  v  =  vA  =  60  x  3  =  180  m  s”1 


Mass  per  unit  length  (m)  = 


3.0x10 

L5~ 


-2 


=  2.0  x  10~2  kg  nT1 


We  know  that  v  =  A —  ,  where  T  is  tension  in 
the  string.  » m 

T  =  mv2  =  2.0  x  10-2  x  (180)2 
=  648  N 

16.  Let  Abe  the  frequency  of  the  source  and  vp  that  of 
the  /7th  harmonic  of  a  closed  pipe.  The  source  will 
resonantly  excite  that  harmonic  mode  of  the  pipe 
for  which 

N=  v„ 


for  any  value  of/7  =  1,  3,  5,  ....  Now  for  a  closed 
pipe,  we  know  that 

pv 

V  =  — — 

p  4L 

Therefore,  for  resonance, 

N= 

4  L 

4  NL  4x425x0.2 


or 


=  1 


v  340 

Hence  the  correct  choice  is  (a). 

17.  In  an  open  pipe,  the  condition  of  resonance  is 

pv 


or 


N=  v  =  —  ;  />  =  1,  2,  3, 
P  2L 

2  NL  2x1700x0.2 


=  2 


r;  340 

Hence,  the  correct  choice  is  (b). 

18.  vA  =  324  Hz,  vb  =  6  Hz. 

The  frequency  of  string  B  is  VB  =  VA  ±  VB  =  324  ±  6 
=  330  or  318  Hz 

Now,  the  frequency  of  a  string  is  proportional  to 
the  square  root  of  tension.  Hence,  if  the  tension 
in  A  is  slightly  decreased,  its  frequency  will  be 
slightly  reduced,  i.e.  it  will  become  less  than 
324  Hz.  If  the  frequency  of  string  B  is  330  Hz,  the 
beat  frequency  would  increase  to  a  value  greater 
than  6  Hz  if  the  tension  in  A  is  reduced.  But  the 
beat  frequency  is  found  to  decrease  to  3  Hz.  Hence, 
the  frequency  of  B  cannot  be  330  Hz;  it  is,  there¬ 
fore  3 1 8  Hz.  When  the  tension  in  A  is  reduced,  its 
frequency  becomes  324  -  3  =  321  Hz  which  will 
produce  beats  of  frequency  3  Hz  with  string  B  of 
frequency  318  Hz.  Hence  the  correct  choice  is  (a). 

19.  Let  N  be  the  frequency  of  the  tuning  fork.  Then, 
the  frequency  of  the  wire,  when  the  tension  is 
100  N  will  be  ( N  +  5)  and  when  the  tension  is  81 
N,  it  is  (N -  5);  since  in  each  case  5  beats  are  heard 
per  second.  Hence 


N  +  5  =  —  J- 
2L  v  m 


1  100 
2  X  0.5  V  777 


10 

/»7 


=  -7=  (i) 


and 


N  ■ 


9_ 

777 


(ii) 
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Subtracting  (ii)  from  (i)  we  have 


or  m  =  0.01  kg  m  1 

Using  this  value  of  m  in  (i)  or  (ii)  gives  N  =  95  Hz. 
Hence  the  correct  choice  is  (b). 

20.  The  frequency  of  ultrasonic  (sound)  waves  sent 
out  from  the  SONAR  undergoes  a  change  in  two 
steps,  (i)  Before  reflection,  the  frequency  of  sound 
received  by  the  enemy  submarine  which  is  appro¬ 
aching  the  SONAR  with  a  speed  u0  =  200  ms”1  is 
given  by 

v,=  v(p  +  «o) 

V 

_  42  x  103  x  (1400  +  200) 

1400 

=  48  x  103  Hz 

(ii)  The  wave  of  frequency  V '  is  reflected  from  the 
enemy  submarine,  which  acts  as  a  virtual  image 
source  of  frequency  v',  approaching  the  SONAR 
with  a  speed  us  =  200  ms-1.  Hence  the  frequency 
of  sound  received  back  at  the  SONAR  will  be 
(observer  stationary,  source  approaching) 


(v~«s) 

_  1400  x  48  x  103 
(1400-200) 

=  56  x  103  Hz  =  56  kHz 
Hence  the  correct  choice  is  (d). 

21.  Since  only  the  source  of  sound,  i.e.  the  gun  is  in 
motion,  the  speed  of  sound  remains  unchanged  at 
340  ms-1.  Therefore,  the  time  taken  by  the  sound  of 
firing  to  arrive  at  the  target  500  m  away  is 


500  25 


If  the  gun  points  in  the  direction  of  motion  of  the 
tank,  the  effective  speed  of  the  bullet  =  340  +  20  = 
360  ms-1.  Therefore,  the  time  taken  by  the  bullet  to 
reach  the  target  is 


500  25 


Since  ts  >  tb,  the  correct  choice  is  (a). 

22.  In  this  case,  the  effective  speed  of  the  bullet  =  340 
-  20  =  320  ms-1.  Therefore, 


500  25 


Thus  ts  <  tb.  Hence  the  correct  choice  is  (b). 


23.  When  the  three  waves  superpose  at  a  point,  then 
from  the  superposition  principle,  the  resultant  par¬ 
ticle  displacement  at  that  point  is  given  by 

y  =y  i  +T2  +T3 

=  a  sin  {2n  (v  -  1  )t}  +  a  sin  (2 n  v  t) 
+  a  sin  {In  (v  +  1)  t} 

Now  sin  {2 n  (v  -  1)  t)  +  sin  {2n  (v  +  1)  t)  = 
2  cos  2nt  sin  2nvt 

Therefore, 

y  =y  l  +T2  +T3 
y  =  a  ( 1  +2  cos  2nt)  sin  2 nvt 
or  y  =  A  sin  2nvt 

where  A  =  a  (1  +  2  cos  2nt)  is  the  resultant 
amplitude. 

Now,  the  resultant  intensity  A2.  Now  A2  will  be 
maximum  when 
cos  2nt  =  +  1 

or  2nt  =  0,  2 n,  An,  ...  etc. 

or  t  =>  0,  Is,  2s,...  etc. 

.■.  Time  period  of  beats  =  time  interval  between 
two  consecutive  maxima  =  1  s.  Hence  the  beat  fre¬ 
quency  is  1  Hz,  i.e.  one  beat  is  heard  per  second 
which  is  choice  (d). 

24.  Let  the  density  of  hydrogen  be  p'  =  2 p,  then  the 
density  of  oxygen  will  be  32  p.  The  density  of  the 
mixture  will  be 

p"  =  j  x  2p  +  j  x  32  p  =  14  p 
Since  the  pressure  is  the  same,  we  have 

tT  =  fp[_  Pip  1 

v  V  p"  V 14  p  V7 


.•.  v"=  —j=  .  Hence  the  correct  choice  is  (d). 

V7 

25.  The  density  of  helium  at  STP  =  2  times  the  density 
of  hydrogen  at  STR  Since  v  1  /  Vp  ,  the  speed  of 
sound  in  helium  will  be  v/  V2  .  Hence  the  correct 
choice  is  (a). 


26.  Let  the  frequency  of  the  first  tuning  fork  be  v.  The 
frequency  of  the  second  will  be  (v  +  4)  and  of  the 
third  will  be  (v  +  8)  and  so  on.  Now  V  +  8  =  V  + 
(3  -  1)  X  4.  Therefore,  the  frequency  of  the  9th 
tuning  fork=  v+(9  -  l)x  4  =  v  +  32.  It  is  given  that 
V+  32  =  2  v.  Hence  v  =  32  Hz  which  is  choice  (a). 

27.  The  frequency  of  the  fundamental  mode  is  given  by 


=  j_  IF 

2L\  m 
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1  u  111 

L  A  L2  L, 

Now  Lx  =  20  cm,  L2  =  40  cm  and  L3  =  60  cm. 
Therefore, 

111  *  ,  0 

v,  :  v2  :  v3  =  —  :  —  :  —  =6:3:2 

1  -  3  20  40  60 

Hence,  the  correct  choice  is  (d). 

28.  Let  Vj  be  the  frequency  of  the  wire  when  its  vibrat¬ 
ing  length  is  Lx  =  48  cm  and  v2  when  L2  =  50  cm. 

Since  v  °c  —  ;  Vy  >  v2.  If  v  is  the  frequency  of  the 

tuning  fork,  then 

Vj  =  v  +  4  and  v2  =  v  -  4 
v,  v  +  4 


n  _  ^  2  _ 


50  _  25 
48  _24 


Now,  frequency  speed  of  sound.  Hence 
v1  v0  151 


v,  =  v,  x 


150 

151  300x151 


=  302  Hz. 


Hence  beat  frequency  =  302  -  300  =  2 
Thus  the  correct  choice  is  (b). 

31.  If  a  source  emitting  light  of  wavelength  A  goes 
away  from  the  earth,  the  apparent  wavelength  A'  of 
the  light  reaching  the  earth  is  given  by 

A  c 

where  v  is  the  speed  of  the  source  of  light  and  c  the 
speed  of  light.  The  increase  in  wavelength  AA  = 
A'  -  A  is  given  by 

AA  v 


which  gives  v  =  196  Hz.  Hence  the  correct  choice 
is  (a). 

29.  Let  Ty  be  the  tension  in  each  string  when  they  are 
in  unison.  Let  T2  be  the  tension  in  each  string  when 
they  are  not  in  unison;  then  since  v  °c  'Jt  ;  v2  >  vq 
such  that 


T2  =  1.01  Ty.  Therefore 


^  =  VloT  =  i  +  — 

V,  V  100 


Expanding  binomially,  we  have 


.  Thus 


Also,  v2  -  Vy  =  4 

or  v2=  Vy  +  4.  Therefore,  we  have 

Vy  +4  =  201 
^  ”  200 

which  gives  Vj  =  800  Hz.  Hence  the  correct 
choice  is  (b). 

30.  Let  y,  be  the  speed  of  sound  at  27°C  andz?2at31°C. 
Then 


273  +  31 


Vy  \2T5  +  27 


=  1  +  - 


1  4  151 

-  1  +  - x - =  — 

2  300  150 


Here  =  5%  =  — and  c  =  3  X  108  ms  \ 

A  100 

Therefore, 

v  =  3  x  108  x  =  1.5  x  107  ms-1 

100 

Hence  the  correct  choice  is  (d). 

32.  If  the  aircraft  is  approaching  the  radar  station  with 
a  speed  u,  the  apparent  frequency  of  radio  waves  re¬ 
ceived  by  the  radar  after  reflection  from  the  aircraft 
is  given  by 

,  A  2u\ 

V  =  V  1  +  — 


Apparent  increase  in  frequency  is 
2«  v 


Given, 


Av  =  v'  -  v  =  — 
c 

V  =  600  MHz  =  600  x  106  Hz 


and  Av  =  6  kHz  =  6  x  10  Hz.  Thus 

_  cAv  _  3x108x6x103 
2v  2  x  600  x  106 
=  1.5  x  103  ms-1  =  1.5  kms-1 
Hence,  the  correct  choice  is  (a). 

33.  v'  =  v  f  1  +  —1 .  Given  uJv  =  —  .  Therefore 


,  11 
v  =  —  v 
10 

,  11  v 

orv  -  v  =  —  v-v  =  — . 

10  10 

The  percentage  increase  in  v  is 
v'  —  v 

-  x  100  =  10%  which  is  choice  (c). 
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34.  To  form  a  stationary  wave,  waves  y  and  y'  must 
travel  in  opposite  directions.  Wave  y  =  a  cos  ( kx 
-  cot)  travels  along  the  positive  x-direction.  Waves 
y  =  —  a  cos  ( kx  —  cot)  and  y  =  —  a  sin  ( kx  -  cot)  in 
choices  (b)  and  (d)  travel  along  positive  x-direction. 
Hence  choices  (b)  and  (d)  are  not  possible.  Choice 
(a)  is  also  incorrect  because  at  x  =  0 

y'  =  a  sin  cot 

and  y  =  a  cos  (-  cot )  =  a  cos  cot 

Therefore,  the  resultant  displacement  atx  =  0  which 
isy  +y'  =  a  sin  cot  +  a  cos  cot  is  not  zero,  i.e.  these 
waves  do  not  produce  a  node  at  x  =  0.  Choice  (c)  is 
correct  because  at  x  =  0,  y  +  y  =  0. 

35.  The  frequency  of  a  string  of  length  L,  mass  m  per 
unit  length,  stretched  with  a  tension  T  and  vibrating 
in  p  segments,  is  given  by 


If  the  radius  of  the  wire  is  r  and  p  its  density,  then 

mass  n  r2  L  p 

m  =  -  =  -  =  nr  p. 

length  L 


Since  V,  T,  L  and  p  are  the  same  for  both  wires, 

—  =  constant  orp  °c  r.  Hence  the  number  of  loops 
r 

formed  in  the  thicker  wire  will  be  two  times  that  in 
the  thinner  wire.  Hence  the  correct  choice  is  (b). 

36.  Because  the  rope  has  a  finite  mass,  the  tension  in 
the  rope  is  different  at  different  points  on  the  rope. 
At  the  top  where  the  rope  is  rigidly  fixed,  the  ten¬ 
sion  =  weight  of  the  rope  +  the  weight  attached  to 
the  free  end  of  the  rope  =  6  kg  +  2  kg  =  8  kg  wt. 
Tension  at  the  free  end  of  the  rope  =  2  kg  wt.  Since 
v  -Jr  ,  if  the  tension  becomes  4  times,  the  fre- 

v  1 

quency  is  doubled.  Since  V  =  — ;  A  °c  — .  Hence 

A  v 

the  wavelength  is  halved.  Thus  the  correct  choice 
is  (b). 

V 

37.  For  a  closed  tube  v  =  — .  For  an  open  tube  V  = 

V  41 

— .  Hence  V  =  2  v  =  2x512  =  1024  Hz.  Thus  the 
2  L 

correct  choice  is  (a). 

38.  When  two  waves  of  amplitudes  ax  and  a2  super¬ 
pose  to  produce  beats,  the  resultant  amplitude  of 
the  maxima  of  intensity  is 

A  =  al  +  a2 

Now,  intensity  (amplitude)2.  Since  the  two  waves 
have  the  same  intensity,  their  amplitudes  are  equal, 


i.e.  a{=  a2  =  a.  Thus  A  =  2a.  Therefore,  A2  =  4 a2  or 
/max  =  41.  Hence  the  correct  choice  is  (b). 

39.  Distance  between  adjacent  nodes  (or  antinodes)  = 
A/2.  Also 

In 

—  =  coefficient  of  x  in  the  argument 
A  of  the  sine  function  =  k 


Hence,  the  distance  between  adjacent  nodes 
n 
k 

40.  The  amplitude  of  the  three  waves  are  ax  =  10  pm, 
a2  =  4  pm  and  a2  =  7  pm.  Let  the  phase  of  the  first 
wave  be  zero.  Then  the  wave  of  the  second  wave 

n  n 

=  nil  and  of  third  wave  =  — l —  =  n  .  Therefore, 

2  2 

the  phase  difference  between  the  first  wave  and 
third  wave  is  n.  Hence  their  resultant  is 


a=  ax  -  a3  =  10  —  7  =  3  pm 

The  phase  difference  between  this  resultant  (of 
first  and  third  waves)  and  the  second  wave  =  nil. 
Therefore,  the  resultant  of  a  and  a2  is 

A  =  (a2  +  a  f>1/2  =  (32  +  42)I/2  =  5  pm. 

Hence  the  correct  choice  is  (c). 

41.  Wave  velocity  =  v.  Particle  velocity  is 


dt 


=  y  o 


(vt  -  x) 


Now,  Vm 


=  2v,  if  y0 


2v,  which  gives 


A  =  nv0.  Hence  the  correct  choice  is  (d). 

42.  If  the  train  is  going  away  from  the  observer,  the 
apparent  frequency  is 


v,  = 


vv 
v  +  a 


(i) 


1  +  - 


It  is  observed  that  v=  1.2  Vj.  In  the  second  case,  the 
apparent  frequency  is 


v2  = 


v(v-u) 

V 


=  V 


(ii) 
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Now,  from  (i)  we  have  —  =  1  +  _  or  1 .2  =  1  +  —  , 
Vj  v  v 

u 

or  u  =  0.2  v  or  —  =  0.2.  Using  this  in  (ii),  we  get 
v 

v  5 

—  =  —  =  1.25.  Hence  the  correct  choice  is  (b). 


43.  For  pipe  Px  :  =  - 


For  pipe  P2:  v3  = 


4  h 

2v 
2  U 


It  is  given  that  v1  =  v3.  Therefore,  LfL2  =  1/6  which 
is  choice  (b). 

44.  The  speed  of  the  wave  in  the  string  is  given  by 


According  to  Hookes  ’  law,  tension  ( T)  extension  (x) . 
Hence  v  °c  4x  .  Therefore 


/  _  yflfj 


=  Jl5  =  1.22 


v  fx 
Hence  the  correct  choice  is  (a). 

d  y  d 

45.  Particle  velocity  V  —  — —  =  —  [A  sin  ( kx  —  ml)] 

dt  dt 

=  -Am cos  (kx  -  ml) 

Hence  Vmax  =  Am 

46.  Standing  waves  are  formed  on  the  string.  Particle 
displacements  are  given  by 

( lux' 


y  =  a  sm 
Particle  velocity 

v=  H 
dt 


\  A 


cos  (2  nft) 


=  (-  2  nfa)  sin  |  ^xr~\  sin  (2  nft) 


A  J 


(^)max  =  2  nfa 

Given(F)max=  ^.Therefore, 


2  nfa  =  — 

10 


or  /= 


Now 


10ms 


-l 


10j 


20na  20ttx10  m  2 n 


Hz 


A=  ^  =  - 


10ms 


/  103/2tt  Hz 

Hence  the  correct  choice  is  (a). 


=  2n x  10  2  m 


47.  For  a  gas,  adiabatic  elasticity  E  =  yP  where  y  = 
CJCV  and  P  is  the  pressure.  The  speed  of  sound  in 
the  gas  is  given  by 


Hr- 


yRT 


p  V  M 

where  M  is  the  molecular  mass  and  R  is  the  gas 
constant.  Thus 

r  /T 

28 


yHe 


M, 


He 


Mk 


48.  Frequency  of  the  fundamental  mode  is  given  by 

1  (t 

v= 

2  L  I  777 

T  =  tension  and  m  =  mass  per  unit  length 
V|_  _  (1/2Z)  yfT  /  ?77j 

v2 


(1/4  L)JFTm2 


=  2. 1— 

»i 


Now 


and 


Hence 


M1  n  (2r)  Lp  2 

777,  =  — -  =  — - — - — —  =  4  nr  p 
L  L 


M,  n(r2)(2L) 


2  L 


—  =  2  x , 


30 


2  L 


2 

nr  p 


nr  p  j 


4^7'2p 


49.  Beat  frequency  v0  =  —  =  10  per  second.  Now 


vh  =  v, 


v 

v1  =  — 

2  A, 


v 


or 


v  _  2,jA 2v6 


A2 

5x6x10 


(A2  -  A, )  (6-5) 

=  300  ms-1 

Hence  the  correct  choice  is  (a). 

50.  Let  the  frequency  offorkC  be  73.  Then  77^  =  77 +  0.03  n 
=  1 .0377  and  nB  =  n  —  0.02  n  =  0.98  n.  The  beat 


frequency  is 


nh  =  77, 


or 


5  =  1.03  n  —  0.98  n  =  0.05  n 


which  gives  7?  =  100  Hz.  Hence  nA  =  1.03  x  100 
=  103  Hz  which  is  choice  (c). 

51.  Given  tx  =  10°C,  7»j=  1.001  kHz,  t2  =  30°C,  n2  = 
1  kHz.  Let  /j  and  l2  be  the  vibrating  lengths  of  the 
wire  at  10°C  and  30°C  respectively.  Since  tension 
T  is  kept  constant. 

Vi  =  nih  (0 


/. 


2  _ 


1.001 


=  1.001 
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If  a  is  the  coefficient  of  linear  expansion,  then 
l2  =  h  (1  +  aAt) 


or 


=  1  +  aAt  =  1  +  a  (30-10) 

A 


=  1+  20  a 

From  (i)  and  (ii)  we  have 
1  +  20  a  =  1.001 


(ii) 


which  gives  a  =  0.5  x  10  4  per  °C,  which  is 
choice  (d). 

52.  Let  Lx  and  L2  be  the  lengths  of  the  two  parts  of 
sonometer  wire. 

...  \\T  1  ff 

(jiven  v,  =  - .  —  and  v,  =  - .  — 

2Zj  V  m  ~  2 L7  v  m 

1  [f 

or  Vj  Lx  =  v2  L2  =  —  J —  =  constant,  say  k. 
Thus  ~  2V"7 


/-r 


and  L-,  = 


The  fundamental  frequency  of  the  complete  sono¬ 
meter  wire  is 

1  [f  k 


v  = 


2(Zj  +  L2) 


(L\  +  L2 ) 


or 


or 


J_  =  A  =  j_  J_ 
v  k  k  vl  v7 


v  = 


V,  V 


1 


Vi+V2 


,  which  is  choice  (d). 


53.  Let  Wx  be  the  weight  of  the  bob  in  air  and  W2  when 
it  is  immersed  in  water.  Given 

1  fm  ,  1  fm 

v,  =  — .  —  and  v,  =  — .  — 

2Z  \  m  “  2L\  m 


W 


i  _ 


w, 


Relative  density  = 


weight  in  air 
loss  of  weight  in  water 


=  gi  =  Yl 

W\  —  W2  V,2-V22 
Hence  the  correct  choice  is  (a). 

54.  After  2  seconds,  both  the  pulses  will  be  at  the  same 
location  on  the  string  and  will  superpose  on  each 
other.  Since  their  amplitudes  are  equal  and  oppo¬ 
site,  they  cancel  each  other  and  the  string  becomes 
straight.  Hence  the  string  has  no  potential  energy, 
i.e.  the  total  energy  is  purely  kinetic.  Thus  the 
correct  choice  is  (b). 


(  v  +  u  j  \  (  v  +  u  a 

55.  For  train  A:  vA  =  v  - —  or5.5=5|  A 

uA  =  0.1  v 

For  tram  B:  vB  =  v| - —  |  or  6.0  =  5 [  B 

uB  =  v/5  =  0.2  v 


lB  _ 


0.2v 

O.ly 


=  2,  which  is  choice  (b). 


56.  Let  L  be  the  length  of  the  wire  between  the  bridges 
and  let  m  be  the  mass  per  unit  length  of  the  wire. 

Five  antinodes  on  a  length  L  implies  that  L  =  —  Tj 

or  A,  =  — .  Thus  in  this  case  we  have 
1  5 


Vj  =  ^  J-  ,  where  Tx=Mlg 
2  L  V  m 

Three  antinodes  on  a  length  L  implies  that 
3  2  L 

L  =  —  A2  or  At  =  — .  In  this  case,  we  have 
2  3 

v2  3  [TY  ,  ^ 

v2  =  -7-  =  —  J—  ,  where  T2  =  M2g 
A2  2  L  V  m 

Given  v,  =  v2,  Mx  =  9  kg  and  M2  =  M.  Therefore, 
we  have 

A  S 

2  L  V  m  2  L  v  m 

which  gives  M  =  25  kg.  Hence  the  correct  choice 
is  (a). 

57.  Given  v  =  330  ms-1  and  up  =  22  ms-1.  The  apparent 
frequency  of  the  police  man’s  horn  of  frequency 
176  Hz  as  heard  by  the  motorcyclist  is  given  by 


Vj  =  176 


330 

330  -22 


-  ™  (330 
308 


uj  (0 


The  apparent  frequency  of  the  stationary  siren  of 
frequency  165  Hz  as  heard  by  the  motorcyclist  is 
given  by 

v2  -  165  00 

Since  the  motorcyclist  does  not  observe  any  beats, 
V!  =  v2.  Equating  (i)  and  (ii)  and  solving  for  um  we 
get  um  =  22  ms-1. 

Hence  the  correct  choice  is  (b). 

58.  Let  v  be  the  frequency  of  the  tuning  fork  and  e  the 
end  correction.  Given  Lx  =  0.1  m  and  L2  =  0.35  m 

1  \yP 

4  (L2  +e)  ]j  p 


v  =  V! 


v  =  v,  = 


(i) 


(ii) 
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Equating  (i)  and  (ii),  we  get 

1  3 


-Lj  +  s 

1 


L2  +  £7 


or 


0.1  +  e  0.35  +  e 
which  gives  e  =  0.025  m.  Hence  the  correct  choice 
is  (b). 

59.  The  density  p  of  a  wire  of  mass  M,  length  L  and 
diameter  d  is  given  by 

AM  Am 
P 


nd2L 


nd z 


Now 


vA=  .  -  and  vB  = 


JA  _ 


V, 


HB  _ 

d  a 


but  vA  =  nXA  and  vB  =  nXB,  n  being  the  frequency  of 
the  source. 

XA  V  J  n  c  v> ,  a_3 


Hence 


a  _  d B  _  0.5x10 


Va 


d  a 


10 


-3 


=  0.5, 


which  is  choice  (a). 

60.  The  frequency  of  the  nth  hormonic  is  420  Hz.  The 
frequency  of  the  (n  +l)th  harmonic  is  490  Hz. 
Therefore, 

420  =  A  JL 
2  L 


and 


490  = 


m 

(n  +  1)  IF 

2  L  V  m 


Dividing,  we  have 

490  _  (n  + 1) 
420  ” 


-  =  - -  which  gives  n  =  6. 


61.  The  fundamental  frequency  of  the  vibration  of  a 
wire  of  length  L,  mass  m  per  unit  length  and  under 
tension  T  is  given  by 

1  It 

V  =  — .  I —  (1) 

2  L  V  777 

If  the  tension  is  increased  by  44%,  the  new  tension  is 
44 

T'=T+  -  xT=T+  0.44  T  =  1 .44  T 

100 

Since  L  is  kept  constant,  the  new  fundamental 
frequency  is 

T7  J_  \\.AAT  =  L2  IT 

2  L  V  777  2 L  V  777 


2 L  V  777  IL  V  777 

Comparing  this  with  Eq.  (1),  we  have 

v'=  1.2  v 

Given  v'  -  V  =  6  Hz.  Hence  v  +  6  =  1 .2  v 


which  gives  V  =  =  30  Hz,  which  is  choice  (b). 

0.2 

62.  Atravelling  wave  is  characterized  by  wave  functions 
of  the  type  y  =f(vt+x )  ory  =f(vt-x )  where / stands 
for  sine  or  cosine  function.  Hence  the  correct  choice 
is  (d).  Choices  (a),  (b)  and  (c)  represent  a  stationary 
or  standing  wave. 

63.  If  the  length  is  increased  by  20%,  the  new  length  is 

L'  =  L+  —  =  1.21 
100 

The  original  frequency  is 

=  j_  IF 

2  L  V  777 

Since  T  and  m  are  the  same,  the  new  frequency  will  be 

i  [F  _  i  IF  _  v 

1.2x2  L  V  777  1  .2 


v  = 


2  L' 


30 


Now  v=  30  Hz.  Therefore,  v'  =  —  =  25  Hz.  Thus, 

1.2 

the  frequency  decreases  by  5  Hz.  Hence  the  correct 
choice  is  (a). 

YIV 

64.  For  a  closed  pipe,  v„  =  — ;  77  =  1 ,  3,  5,  ...  etc 
For  an  open  pipe,  v„  =  — ;  n  =  1 ,  2,  3,  ...  etc 
where  v  =  .  _ 


For  the  closed  pipe  vibrating  in  the  first  harmonic 
(77  =  1 ),  we  have 

1  [ yP 


% 


4Zi  V  Pi 


(1) 


For  the  open  pipe  vibrating  in  the  third  harmonic 
(77  =  3),  we  have 


v,= 


2  L 


yP 
2  V  Pi 


(2) 


Given  V,  =  v3' .  Equating  (1)  and  (2),  we  get 

_  J_  [Pi 
L2  6  \  pj 

Hence  the  correct  choice  is  (d). 

65.  The  frequency  of  sound  is  a  characteristic  of  its 
source.  Hence  frequency  of  sound  is  the  same  in 
air  as  is  water.  Therefore,  the  observer  in  air  will 
receive  a  sound  of  frequency  600  Hz.  If  Xa  and  kw 
are  the  wavelengths  in  air  and  water  resptively, 
then 

v,A, 


77  = 
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. .  ,  •  .  Va  300 

which  gives  A  = —  = -  =  0.5  m 

v  600 

Hence  the  correct  choice  is  (a).  The  wavelength  is 
water  is 


,  t’.v  1500 

A,  =  —  =  -  =2.5  m 

”  v  600 


66.  Refer  to  Fig.  14.12. 


3  A 


L,  =  —  and  4  = 

1  4  2  4 


N=  v,  =  - 

4(4  +  e) 


(1) 


and  N=  v2  =  -  (2) 

4(4  +  e) 

where  e  is  the  end  correction.  Eliminating  e  from 
Eqs  (1)  and  (2),  we  get 

v  =  2N  (4  -  4)  (3) 


Lengths  L1  and  L2  are  measured  with  a  metre  scale 
whose  least  count  is  0.1  cm.  Thus  4  =  (17.7  ± 
0.1)  cm  and  L2  =  (53.1  ±  0.1)  cm.  The  maximum 
error  in  (L2  -  4)  Is  ±  0-2  (for  maximum  error,  the 
errors  in  individual  measurements  add  up).  Thus 
4  -  4  =  (53.1  -  17.7)  =  35.4  cm.  Hence  L2-Lx  = 
(35.4  ±  0.2)  cm.  Using  this  in  Eq.  (3),  we  have 


v  =  2  x  480  x  (35.4  ±  0.2)  =  (33984  ±  192) 
cms-1 

Hence  maximum  error  =  192  cm  s_1,  which  is 
choice  (a). 


Fig.  14.12 

67.  Let  4  and  T2  be  the  tensions  in  wires  1  and  2 
respectively.  Let  m  be  the  mass  per  unit  length 
of  each  wire  and  let  /  be  the  length  of  each  wire. 
Given 

=  1  [II  =  A  IK 

21 V  2m  21 V  m 


T 

which  gives  —  =  4 


For  rotational  equilibrium  of  the  rod  about  O,  we 
have 

4  xAO  =  4  x  BO  or  7)  xv  =  T2(L  -x), 

T  (  Jj  \  j1 

which  gives  —  =  - .  But  —  =  4.  Hence 

^2  X  T2 

4=  (Z-x) 

x 

which  gives  x  =  — .  Hence  the  correct  choice 
is  (a). 

68.  When  the  source  moves  towards  from  the  station¬ 
ary  observer,  its  apparent  frequency  is 


v' 


V 

V  X  - 

(v  -  u ) 


(1) 


When  the  source  moves  away  from  the  stationary 
observer,  its  apparent  frequency  is 


v"  =  v  x  - - -  (2) 

(v  +  u) 

When  both  the  forks  are  moving  relative  to  station¬ 
ary  observer,  the  number  of  beats  heard  by  him  per 
second  =  V -v" 

Since  us «  v,  Eqs  (1)  and  (2)  may  be  simplified  as 
follows. 


v'=v  l  —  =  v  1  +  — 


v  =  v 


where  terms  of  order  u2lv 2  have  been  neglected  in 
the  binomial  expansion.  Thus, 


v'  — v"=v 


Thus  the  correct  choice  is  (c) 
69.  Particle  velocity 


2 


ll 


V  — 
V 


d_ 

dt 


cos  (96  nt) 


=  -  4  x  96  sin  j  sin  (967 it) 

At  x  =  7.5  cm  and  t  =  0.25  s,  the  particle  velocity  is 

V=  -  4  x  96  sin  sin  (96 n  x  0.25) 

=  -  (4  x  96)  sin  (0.57T)  sin  (24n) 

=  0  [v  sin  (24tt)  =  0] 

The  correct  choice  is  (a). 
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70.  The  tension  at  the  lower  end  of  the  rope  is  T=  mg. 


The  speed  of  pulse  at  this  point  is  v  =  —  ,/Ll=  mass 

per  unit  length  of  the  rope.  If  v  is  the  frequency  of 
the  pulse,  then 

f  (!) 

V  V  l/J 

The  tension  at  the  upper  end  of  the  rope  is  T’  = 
(m  +  M)  g.  Let  X  be  the  wavelength  of  the  pulse 
when  it  reaches  the  upper  end  of  the  rope.  Then, 
since  frequency  v  of  the  pulse  remains  the  same, 


1  T' 
X  =  -  ,  — 


v  v  B 

From  Eqs.  (1)  and  (2),  we  have 


(2) 


( m  +  M)g  _  M  +  m 


X 

X  v  /  V  mg  V  nr 

Hence  the  correct  choice  is  (b). 

71.  Let  um  =  speed  of  motorist  and  ub  =  speed  of  the 
band.  The  motorist  will  hear  two  sounds-one  com¬ 
ing  directly  from  the  band  and  the  other  reflected 
from  the  wall.  The  apparent  frequency  of  the  direct 
sound  is  given  by  (the  observer  is  approaching  a 
receding  source  of  sound) 


/i  =/ 


v  +  u„ 


=/  (■•'  um  =  ub  =  u) 


\V  +  Ub  ) 

The  reflected  sound  can  be  regarded  as  coming  from 
the  mirror  image  which  is  approaching  the  motorist 
with  a  speed  vb.  Hence,  the  apparent  frequency  of 
the  reflected  sound  is  given  by  (the  observer  and  the 
source  of  sound  are  both  approaching  each  other) 


fi=f  = 


v  +  u„ 


=  f 


\v-ub  J 

Beat  frequency  (=/2  -/,)  =/ 


-/ 


v  +  u 
v-u 
v  +  u 
v-u 

=  ( 2f“) 

V v  -u) 

Thus  the  correct  choice  is  (d). 

72.  The  frequency  of  the  third  harmonic  of  a  closed 
pipe  is 

to  „  1x340  _  34()  Hz 
4  L  4x0.75 

Beat  frequency  fb  =  4.  Therefore  n  =  f  ±fb  =  340  ± 
4  or  77  =  336  Hz  or  344  Hz.  The  frequency  of  string 

°c  x/t  .  Hence  if  tension  T  is  slightly  increased,  the 
frequency  will  slightly  increase  and  become  greater 


than  340.  If  n  =  336  Hz,  this  will  result  in  a  greater 
number  of  beats  per  second.  But  the  number  of 
beats  decreases  to  2  per  second.  Hence  n  is  not  336 
Hz;  it  is  344  Hz.  So  the  correct  choice  is  (a). 

73.  In  a  transverse  wave,  the  particle  displacement  and 
particle  velocity  are  perpendicular  to  the  direction 
of  propagation  of  the  wave.  Hence  choices  (c) 
and  (d)  are  wrong.  The  particle  displacements  is 
given  by 


y  =  a  sm 


2  n 

-j-  (vt~x) 


(1) 


Putting  y  =  5  cm  and  a  =  10  cm  in  Eq.  (1),  we  get 


sm 


2  n 

T 


(vt-x) 


2 


2n , 

=>  (v  t  —  x)  —  — 

A  6 

Particle  velocity  is 
V  = 

dt 


f  2k  \ 

2k 

—  V  cos 

-{vt-x) 

v  X  J 

La  J 

(2) 


Given  a  =  0.1  m,  v  =  0.1  ms  ,  a  =  0.1  m  and 
2k  ft 

A  =  0.5  m.  Also  —  (vt  —  x)  =  — .  Putting  these 

X  6 

values  in  Eq.  (2),  we  get 

Tr  y/3ft  _i  .  . 

V  =  - ms  along  the  v-axis. 

50 

74.  Since  the  mass  is  brought  to  rest,  the  total  displace¬ 
ment  is  zero,  i.e. 

Xj  (?)  +  x2{t)  +  x2(t)  =  0 

(  2  n\ 

=>  A  sinmt  +  A  sin  I  cot  +  —  I  +  B  sin(<yt  +  (f>) 

T  T  .  .  r,  ,  .  ( a  +  /34  (a-  [}' 

Using  sma  +  smp  =  2sml — - — Icos1 

we  get 

(  4^h  4k 

2 A  sin  I  cut  +  —  I  cos  —  +  B  sin  (cut  +  (f>)  =  0 


-  A  sin 


indent  +  +  B  sin(cut  +  (f>)  +  0 


4k 


cos- 


(  4k 

=>  B  sin(  cut  +  <j>)  =  A  sin  I  out  +  — 

4k 

which  gives  B  =  A  and  (j)  =  — . 


75. 


u  =  36  km  h  1  =  10  ms  ', 
v  =  320  ms-1,  v  =  8  kHz 
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The  sound  reflected  from  the  building  may  be 
imagined  to  be  coming  from  the  mirror  image. 
The  driver  is  approaching  the  image-source  which 
is  also  approaching  him  with  the  same  speed. 
Hence  the  frequency  of  sound  heard  by  the  driver 
is 


f  v  + 


=  v 


\v-u  J 


f 


=  8  kHz  x 


320  +  10 
320-10 


=  8.5  kHz 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  When  a  wave  is  reflected  from  a  boundary  of  a  denser 
medium,  which  of  the  following  will  change? 

(a)  Amplitude  (b)  Frequency 

(c)  Wavelength  (d)  Phase 

2.  When  a  wave  is  refracted  into  another  medium, 
which  of  the  following  will  change? 

(a)  Amplitude  (b)  Velocity 

(c)  Frequency  (d)  Phase 

3.  Choose  the  correct  statements  from  the  following. 

(a)  Any  ftmction  of  the  form  y  (x,  t)  =  f(vt  +  x ) 
represents  a  travelling  wave. 

(b)  The  velocity,  wavelength  and  frequency  of  a 
wave  do  not  undergo  any  change  when  it  is 
reflected  from  a  surface. 

(c)  When  an  ultrasonic  wave  travels  from  air 
into  water,  it  bends  towards  the  normal  to 
the  air-water  interface. 

(d)  The  velocity  of  sound  is  generally  greater  in 
solids  than  in  gases  at  STP 

4.  Which  of  the  following  statements  are  correct? 

(a)  The  decrease  in  the  speed  of  sound  at  high 
altitudes  is  due  to  a  fall  is  pressure. 

(b)  The  standing  wave  on  a  string  under 
tension,  fixed  at  its  ends,  does  not  have  well- 
defined  nodes. 

(c)  The  phenomenon  of  beats  is  not  observed  in 
the  case  of  visible  light  waves. 

(d)  The  apparent  frequency  is  v,  when  a  source 
of  sound  approaches  a  stationary  observer 
with  a  speed  u  and  is  v2  when  the  observer 
approaches  the  same  stationary  source  with 
the  same  speed.  Then  v2  <  Vb  if  u  <  v, 
where  v  is  the  speed  of  sound. 

5.  Which  of  the  following  functions  represent  a  sta¬ 
tionary  wave?  Here  a,  b  and  c  are  constants. 

(a)  y  =  a  cos  (bx)  sin  ( ct ) 

(b)  y  =  a  sin  (bx)  cos  (ct) 


(c)  y  =  a  sin  (bx  +  ct) 

(d )  y  =  a  sin  (bx  +  ct)  +  a  sin  (bx  -  ct) 

<  IIT,  1987 

6.  When  a  wave  travels  in  a  medium,  the  particle  dis¬ 
placements  are  given  by 

y  =  a  sin  2 n  (bt  —  cx) 
where  a,  b  and  c  are  constants. 

(a)  The  wavelength  of  wave  is  c. 

(b)  The  velocity  of  the  wave  is  —  . 

c 

(c)  The  maximum  particle  velocity  is  twice  the 

wave  velocity  if  c  =  — — 
na 

(d)  The  frequency  of  the  wave  is  b. 

7.  Two  persons  A  and  B,  each  carrying  a  source  of 
sound  of  frequency  90  Hz  are  standing  a  few  metres 
apart  in  a  quiet  field.  A  starts  moving  towards  B  with 
a  speed  u  =  vt 10,  where  v  is  the  speed  of  sound. 
Then 

(a)  A  will  hear  9  beats  per  second 

(b)  A  will  hear  6  beats  per  second 

(c)  B  will  hear  12  beats  per  second 

(d)  B  will  hear  10  beats  per  second. 

8.  A  wire  of  length  L  having  linear  density  of  1.0  x 

1 0  3  kg/m  is  stretched  between  two  rigid  supports 
with  a  tension  of  40  N.  It  is  observed  that  the  wire, 
vibrating  in  p  segments  resonates  at  a  frequency 
of  420  Hz.  The  next  higher  frequency  at  which  the 
wire  resonates  is  490  Hz.  The  values  of  p  and  L  are 
(a)  p  =  6  (b)  p  =  7 

(c)  L  =  (60/49)  m  (d)  L  =  (10/7)  m 

9.  The  first  overtone  of  an  open  organ  pipe  (of  length 
La)  beats  with  the  first  overtone  of  a  closed  organ 
pipe  (of  length  Lc)  with  a  beat  frequency  of  10  Hz. 
The  fundamental  frequency  of  the  closed  pipe  is 
110  Hz.  If  the  speed  of  sound  is  330  ms1,  then 
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(a)  Lc  =  0.75  m 

(b)  La  =  (33/34)  m  or  (33/35)  m 

(c)  La  =  (33/32)  m  or  1  m 

(d)  L  =  (33/32)  m  or  (33/34)  m 

<  IIT,  1997 

10.  In  a  resonance  tube  experiment,  a  tuning  fork  of 
frequency  480  Hz  resonates  in  the  fundamental 
mode  with  an  air  column  of  length  1 6  cm  in  a  tube 
closed  at  one  end.  If  the  speed  of  sound  in  air  is  336 
ms-1,  the  diameter  of  the  tube  is 

(a)  5.6  cm 

(b)  5.0  cm 

(c)  either  5.0  cm  or  5.6  cm 

(d)  neither  5.0  cm  nor  5.6  cm. 

<  IIT,  2003 

11.  In  a  standing  wave  on  a  string  fixed  at  both  ends, 
all  points  on  the  string  vibrate  with 

(a)  the  same  frequency  and  the  same  phase  but 
different  amplitude. 

(b)  the  same  frequency  and  the  same  amplitude 
but  different  phase. 

(c)  the  same  frequency  but  different  phase  and 
different  amplitude. 

(d)  the  same  frequency,  the  same  phase  and  the 
same  amplitude. 

12.  Sound  waves  travel  from  location  A  at  absolute 
temperature  Tx  to  location  B  at  absolute  temperature 
T2  in  time  t.  The  air  temperature  increases  lin¬ 
early  form  7)  to  T2.  The  speed  of  sound  varies  with 
absolute  temperature  Tasv  =  k  \fT  where  k  is  a  posi¬ 
tive  constant.  The  distance  between  A  and  B  is  L. 

,  ,  ^  dT  T2 - Tx 

(a)  The  temperature  gradient  —  =  — - . 

dx  L 

(b)  The  temperature  gradient  —  =  —  (T2  -  7) ). 

dx  2  L 

M  £-  f  (Vr  +/r) 

(d)i-f(Vr-Tr) 

13.  A  whistle  emitting  a  sound  of  frequency  440  Hz 
is  tied  to  a  string  of  length  1.5  m  and  rotated  with 
an  angular  velocity  of  20  rad  s_1  in  the  horizontal 
plane.  An  observer  is  stationed  at  a  large  distance 
from  the  whistle.  If  the  speed  of  sound  is  330  ms-1, 

(a)  he  will  hear  two  sounds  of  frequencies  403 
Hz  and  440  Hz. 

(b)  he  will  hear  two  sounds  of  frequencies  484 
Hz  and  440  Hz. 


(c)  he  will  hear  two  sounds  of  frequencies  403 
Hz  and  480  Hz. 

(d)  he  will  hear  a  range  of  frequencies  between 
403  Hz  and  480  Hz. 


14.  A  wave  is  represented  by  the  equation 

y  =  A  sin  (107DC  +  15 nt  +  n/3 ) 


where  x  and  y  are  in  metre  and  t  in  second.  The 
expression  represents  a  wave 

(a)  travelling  in  the  positive  x-direction 

(b)  travelling  in  the  negative  x-direction 

(c)  of  wavelength  0.2  m 

(d)  of  velocity  1.5  ms-1. 

<  IIT,  1990 

15.  Two  identical  wires  as  a  stretched  with  tensions 
Tx  and  T2  with  Tx>  T2.  They  produce  6  beats  per 
second  when  vibrated.  If  the  tension  in  one  of  them 
is  changed  slightly,  it  is  observed  that  the  beat  fre¬ 
quency  remains  unchanged.  Which  of  the  follow¬ 
ing  is/are  possible? 

(a)  Tx  was  increased  (b)  Tx  was  decreased 

(c)  T2  was  increased  (d)  T2  was  decreased 

<  IIT,  1991 

16.  A  plane  progressive  wave  of  frequency  25  Hz,  am¬ 
plitude  2.5  x  1 0  5  m  and  initial  phase  zero  propa¬ 
gates  in  a  non-absorbing  medium  along  the  nega¬ 
tive  x-direction  with  a  velocity  of  300  ms~\  Then 

(a)  Wavelength  of  the  wave  is  12  m 

(b)  The  phase  difference  between  the  oscillations 
at  two  points  6  m  apart  is  n 

(c)  The  corresponding  amplitude  difference  is 
2.5  x  10~5  m 

(d)  The  corresponding  amplitude  difference  is  zero. 

<  IIT,  1997 


17.  The  (x,  y )  co-ordinates  of  the  corners  of  a  square 
plate  are  (0,  0),  (L,  0),  (L,  L)  and  (0,  L).  The  edges 
of  the  plate  are  clamped  and  transverse  standing 
waves  are  set  up  in  it.  If  u(x,  y)  denotes  the  dis¬ 
placement  of  the  plate  at  the  point  (x,y)  at  a  certain 
instant  of  time,  the  possible  expression(s)  for 
m(x,  y)  is/are  (a  =  positive  constant) 


(a) 

(b) 

(c) 

(d) 


u(x,  y)  =  a  cos 
u(x,  y)  =  a  sin  | 
u(x,  y)  =  a  sin 
u(x,  y)  =  a  cos 


■  IIT,  1998 
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18.  A  transverse  sinusoidal  wave  of  amplitude  a,  wave¬ 
length  A  and  frequency  /is  travelling  on  a  stretched 

string.  The  maximum  speed  of  any  point  on  the 

string  is  A 10,  where  v  is  the  speed  of  propagation 

—3  —1 

of  the  wave.  If  a  =  10  mandit=10ms  ,  then 

(a)  A  =  2n  x  10~2  m  (b)  A  =  10~3  m 
1 03 

(c)  /=  —  Hz  (d)  /=  104  Hz 

2  n 

<  IIT,  1998 

19.  As  a  wave  propagates  in  a  non-absorbing  medium, 

(a)  the  wave  intensity  remains  constant  for  a  plane 
wave 

(b)  the  wave  intensity  decreases  as  the  inverse  of 
the  distance  from  the  source  for  a  spherical 
wave 

(c)  the  wave  intensity  decreases  as  the  inverse 
square  of  the  distance  from  the  source  for  a 
spherical  wave 

(d)  the  total  intensity  of  a  spherical  wave  over  a 
spherical  surface  centred  at  the  source  remains 
constant  at  all  times. 

<  IIT,  1999 

20.  A  moving  pulse  is  represented  by  the  expression 


SV*9  V  9 

[{Ax  +  5?)2  +  5] 

where  x  and  y  are  in  metre  and  t  in  second.  Then 

(a)  the  pulse  is  moving  in  the  +  x  direction 

(b)  in  2s  it  will  travel  a  distance  of  2.5  m 

(c)  its  maximum  displacement  is  0.16  m 

(d)  it  is  a  symmetric  pulse. 

<  IIT,  1999 


ANSWERS  AND  SOLUTIONS 

1.  When  a  wave  travelling  in  a  medium  falls  on  the 
boundary  of  another  medium,  it  is  partly  reflected 
back  into  the  first  medium  and  partly  refracted 
into  the  second  medium.  Therefore,  the  intensity 
(and  hence  the  amplitude)  of  the  reflected  and 
refracted  waves  will  be  less  than  that  of  the  incident 
wave. 

The  velocity  of  a  wave  depends  upon  the  medium  in 
which  it  travels.  Hence  the  velocity  of  the  reflected 
wave  will  be  the  same  as  that  of  the  incident  wave. 
But  the  velocity  of  the  refracted  wave  will  be  dif¬ 
ferent  from  that  of  the  incident  wave.  The  frequency 
of  the  reflected  and  refracted  waves  is  always  the 
same  as  that  of  the  incident  wave.  From  v  =  vA,  we 
have. 


21.  In  a  wave  motion  y  =  a  sin  (kx  -  cot),  y  can  represent 

(a)  electric  field  (b)  magnetic  field 

(c)  displacement  (d)  pressure 

<  IIT,  1999 

22.  Standing  waves  can  be  produced 

(a)  on  a  string  clamped  at  both  the  ends 

(b)  on  a  string  clamped  at  one  end  and  free  at  the 
other 

(c)  when  an  incident  wave  gets  reflected  from  a 
wall 

(d)  when  two  incident  waves  with  a  phase  differ¬ 
ence  of  n  are  moving  in  the  same  direction. 

<  IIT,  1999 

23.  A  student  performed  the  experiment  to  measure  the 
speed  of  sound  in  air  using  resonance  air-column 
method.  Two  resonances  in  the  air-column  were  ob¬ 
tained  by  lowering  the  water  level.  The  resonance 
with  the  shorter  air-column  is  the  first  resonance 
and  that  with  the  longer  air-column  is  the  second 
resonance.  Then, 

(a)  the  intensity  of  the  sound  heard  at  the  first 
resonance  was  more  than  that  at  the  second 
resonance 

(b)  the  prongs  of  the  tuning  fork  were  kept  in  a 
horizontal  plane  above  the  resonance  tube 

(c)  the  amplitude  of  vibration  of  the  ends  of  the 
prongs  is  typically  around  1  cm 

(d)  the  length  of  the  air-column  at  the  first  reso¬ 
nance  was  somewhat  shorter  than  l/4th  of  the 
wavelength  of  the  sound  in  air 

<  IIT,  2009 


v 


Hence  the  wavelength  of  the  reflected  wave  is  the 
same  as  that  of  the  incident  wave.  But  the  wavelength 
of  the  refracted  wave  will  be  different  from  that  of 
the  incident  wave. 

Furthermore,  when  a  wave  travelling  in  a  rarer 
medium  is  reflected  from  the  boundary  of  a  denser 
medium,  it  undergoes  a  phase  change  of  n  or  180°. 
But  if  a  wave  is  reflected  from  the  boundary  of 
a  rarer  medium,  it  does  not  undergo  any  phase 
change.  The  refracted  wave,  in  both  cases,  does  not 
undergo  any  phase  change.  Thus  the  correct  choice 
are  (a)  and  (d). 

2.  The  correct  choices  are  (a)  and  (b). 
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3.  Statement  (a)  is  correct.  Let  us  write 


y(x,  t )  =  f(vt  +  x)  =f(z ) 
Differentiating  with  respect  to  t,  we  have 

dy_ 
d  t 

Differentiating  again  w.r.t  time  t  we  have 


dfdz  df 

— - =  v  — 

dz  dt  dz 


d2  y  2  a2/ 

- ■L.  =  jf  - — 

dt 2  dz2 

Similarly  differentiating  twice  with  respect  to  x 
we  have 

aV  =  aV 

..2 

Hence, 


dx2 


dx2 


d2y  _  2  d2y 
dt2  V  dx2 

which  is  the  standard  equation  (in  differential  form) 
of  a  travelling  wave. 

Statement  (b)  is  also  correct.  Because  the  wave  is 
reflected  back  into  the  same  medium,  the  velocity 
remains  unchanged.  The  wavelength  cannot  change 
because  the  frequency  cannot  change  by  reflection. 
Statement  (c)  is  incorrect.  The  ultrasonic  wave 
bends  away  from  the  normal  because  the  speed  of 
the  wave  (being  a  sound  wave)  is  greater  in  water 
than  in  air. 

Statement  (d)  is  correct.  The  reason  is  that  solids 
have  a  much  higher  modulus  of  elasticity  than  gas¬ 
es  at  STP. 

4.  Statement  (a)  is  incorrect.  A  change  in  pressure 
has  no  effect  on  the  speed  of  sound.  The  decrease 
in  the  speed  of  sound  at  high  altitudes  is  due  to 
a  fall  in  temperature.  Statement  (b)  is  correct. 
Standing  waves  are  produced  due  to  superposi¬ 
tion  of  the  incident  waves  and  the  waves  reflected 
from  the  fixed  ends  of  the  string.  Since  the  ends  are 
never  perfectly  rigidly  fixed,  the  amplitude  of  the 
reflected  wave  is  always  less  than  that  of  the  inci¬ 
dent  wave.  Consequently,  the  resultant  amplitude 
at  nodes  is  not  exactly  zero.  Thus  the  nodes  are  not 
well-defined. 

Statement  (c)  is  also  correct.  To  observe  beats  the 
difference  between  the  two  interfering  frequencies 
must  be  less  than  about  10-16  Hz.  Since  visible 
light  waves  have  very  high  frequencies,  beats  are 
not  observed  due  to  persistence  of  vision. 
Statement  (d)  is  correct.  We  know  that 

v'  -  (TZ 


and 


Vt  =  v  1 1  +  — 

V 


GO 


Expression  (i)  may  be  written  as 

-l 

l .  u  \ 

Vj  =  V 


1_« 


V 


Expanding  binomially  and  retaining  terms  upto 
order  u2/v2,  we  have 


v,  =  v 


f  2  h 

,  u  u 

\  +  -  +  — 

V  V  V2  J 


(iii) 


Comparing  (ii)  and  (iii)  we  find  that  Vj  >  v2. 

5.  A  stationary  wave  is  characterized  by  a  function 
of  the  type  y  =/(/)  g(x).  Hence  choices  (a)  and 
(b)  represent  a  stationary  wave.  Choice  (d)  is  a  su¬ 
perposition  of  two  oppositely  travelling  waves  of 
the  same  amplitude  and  the  same  frequency  which 
gives  rise  to  a  stationary  wave.  Hence  choice  (d) 
also  represents  a  stationary  wave. 

6.  Comparing  y  =  a  sin  2n  {bt  —  cx)  with 

■  f2*r,  ,1 

y  =  a  sin  j  —  {vt  -  x) | 
we  have 

2  nv  In 

2nb  =  -  and  2 nc  =  — 

A  A 

which  give  v  =  bX  and  A  =  — .  Thus  v  =  b/c. 
Particle  velocity  is  c 

dv  d 

V=  —  =  —  [a  sin  2n  {bt  -  cx)~\ 
dt  dt 

=  2 nab  cos  2 n  {bt  —  cx) 

^max  =  2 nab.  Now  Fmax  =  2v,  if 

2m ib  =  — 
c 

which  gives  c  =  —  . 

na 

v  b/c 

Frequency  V  =  —  =  -  =  b 

A  1/c 

Thus  the  correct  choices  are  (b),  (c)  and  (d). 

7.  Person  A  hears  the  sound  of  his  own  source  whose 
frequency  is  V.  He  also  hears  the  sound  of  the 
source  carried  by  person  B ,  towards  whom  he  is 
moving  with  a  speed  u.  The  apparent  frequency  of 
this  sound  is  given  by 

/  i  ,  « ,  vu 

v  =  v  1  H —  or  v  -  v  =  — 


v 


V 


„  ,  ,  VU  90v 

Beat  trequency  vb  =  v  -  V  =  —  =  - 

V  10?7 

=  9  Hz  {•:  u  =  v  /1 0). 
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Person  B  hears  the  sound  of  his  own  source  of  fre¬ 
quency  in  v.  He  also  hears  the  sound  of  the  source 
carried  by  person  A,  who  is  approaching  with  a 
speed  u.  The  apparent  frequency  of  this  sound  is 
given  by 

„  v  vv 


1- 


v±u 


V 


or 


v  -  v  =  v 


V 


-1 


v-u 

Beat  frequency  vb  =  v"  -  V  = 
90  x  y/10 


vu 

v-u 

VU 


v-u 

=  10  Hz 


Z7  —  Z7/10 

Hence  the  correct  choices  are  (a)  and  (d). 
P  {t 

8.  420  =  —  ,  — 

2  L  \  m 


and 


490  = 


p  +  l 


2  L  V  rn 
Dividing  (1)  and  (2)  we  have 
490  =  p  + 1 
220  ” 


(1) 


(2) 


—  =  -  giving/?  =  6. 


Substituting  this  value  of  p  in  Eq.  (1)  we  get 
420  -  A  II  -  600 


2  L  V  m 


L 


10 


which  gives  L  =  —  m.  Hence  the  correct  choices 
are  (a)  and  (d).  ^ 

9.  The  fundamental  frequencies  of  the  open  and  closed 
pipes  respectively  are 

v0=  (l) 


'0 


and 


V  = 


2  L{ 
v 

4/7 


(2) 


where  v  is  the  speed  of  sound. 

In  an  open  pipe,  all  harmonics  are  present.  Hence 

the  frequencies  of  the  overtones  are  2,  3,  4, . etc. 

times  the  fundamental  frequency.  Hence  the  fre¬ 
quency  of  the  first  overtone  in  the  open  pipe  is 

0  2v  v 

Vi=2v0=—  =—  (3) 

ZL0  Lq 

In  a  closed  pipe,  only  odd  harmonics  are  present. 
Hence,  the  frequencies  of  the  overtones  are  3,  5,  7, 
...  etc.  times  the  fundamental  frequency.  Hence  the 
frequency  of  the  first  overtone  in  the  closed  pipe 
is 


V,  =  3v  = 


3v 

4l7 


(4) 


Now 


110  = 


330 
4  L„ 


Lc  =  0.75  m. 


Given  vl  —  v2  =  ±10.  There  are  the  following  two 
possibilities. 

Case  a  \  vx-v2  =  10.  Thus 

—  =10 

4  44 

Putting  v  =  330  ms~'  and  Lc  =  0.75  m,  we  get 

t  r33i 

Ln  =  \  —  m 
l34  ) 

Case  (b)  :  vt  -  v2  =  -  10.  In  this  case,  we  get 

x '  (1) ra 

Hence  the  correct  choices  are  (a)  and  (d). 

10.  Including  end  correction,  we  have  for  the  funda¬ 
mental  mode, 

-=1  +  0.3  0  or  7  =  4(1+0.3  0) 

4 

where  D  is  the  diameter  of  the  tube.  Now  v  =  vA, 
X=- 


or  4  (L  +  0.3  D)=  — 

v 


(i) 


Given  L  =  16  cm  =  0.16  m,  v  =  336  ms  1  and 

v  =  480  Hz.  Using  these  values  in  (i)  and  solving 

_2 

we  get  £>  =  5x10  m  =  5  cm.  The  correct  choice 
is  (b). 

11.  The  correct  choice  is  (a). 

12.  Since  v  =  — ,  dx  =  vdt  =  k'fT  dt.  As  the  tem- 

dt 

perature  increases  linearly,  the  rate  of  change  of 
temperature  with  distance  is  given  by 

dT  _  T2 -Tx 


dx  L 

where  L  is  the  distance  between  locations  A  and  B. 
Thus 


dx  = 


LdT 


But  dx  =  k\fr  dt.  Therefore 
kdT  dt  =  - 

t2~tx 
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or 


dt  = 


LdT 


k(T2  -T\)4f 
Integrating  from  T=T\  to  T  =  T2,  we  have 


t  = 


k(T2  ~T\) 


I  r 


-1/2 


t  = 


k(T2  -  T\ ) 
2  L 

k{T2~Tx) 

2  L 


1/2 

A 

{yfc-y/Ti) 


Thus  the  correct  choices  are  (a)  and  (c). 

13.  Linear  velocity  of  source  (whistle)  is  us  =  rco  = 
1.5  x  20  =  30  ms”1.  The  observer  will  hear  a  range 
of  frequencies  lying  between  a  minimum  value  vmin 
and  a  maximum  value  vmax,  which  are  given  by 


and  vmax  =  v 


(  v  ^ 


\V  +  USJ 

V  > 
V~“S; 


;  source  receding 


;  source  approaching 


Substituting  v  =  440  Hz,  v  =  330  ms”1  and  us  =  30 
ms”1  and  solving  we  get  vmin  =  403.3  Hz  and  vmax  = 
484  Hz.  The  correct  choice  is  (d). 

14.  The  standard  equation  of  a  wave  travelling  in  the 
negative  x-direction  is 

y  =  A  sin  (cot  +  kx  +  0O) 

2  nv  In 

where  a>  =  - ,  k  =  —  and  <j)0  is  the  phase  at 

A  A 

x  =  0  and  t=  0. 

Comparing  the  given  equation  with  this  equation, 
we  have 

k  =  107 r  =>  —  =  107T  =>  A  =  0.2  m 
A 


and  ft)  =  \5n 


2nv 

~ 


=  15/r 


15A  15x0.2  ,  „  , 

=>  v  =  -  =  -  =  1.5  ms 

2  2 

Thus  the  correct  choices  are  (b),  (c)  and  (d). 

1  f: ¥ 

15.  V  =  — .  —  .  Since  the  wires  are  identical, 

2  L\n 

v  °c  yfr  .  Since  T}  >  T2,  v,  >  v2.  Also  v,  -  v2  =  6. 


If  Tx  is  kept  constant  and  T2  is  increased  such  that 
the  new  value  v2  becomes  greater  than  v,  by  6, 
again  6  beats  will  be  heard  per  second.  Hence 
choice  (c)  is  correct. 

If  T2  is  kept  constant  and  7)  is  decreased  such  that 
the  new  value  of  V,  becomes  less  than  v2  by  6,  again 
6  beats  will  be  heard  per  second.  Hence  choice  (b) 
is  also  correct. 

2  V  300  10 

16.  A  =  —  =  -  =  12  m 

v  25 

2n 

Phase  difference  A 0  =  —  x  path  difference 
A 

2n 

=  —  x  6  =  n 
12 

In  a  non-absorbing  medium,  the  amplitude  of  the 
wave  remains  constant  as  the  wave  propagates. 
Thus  the  correct  choices  are  (a),  (b)  and  (d). 

17.  The  expression  for  u(x,  y)  must  satisfy  the  follow¬ 
ing  boundary  conditions: 

(i)  u  ~  0  at  x  =  0  and  at  y  =  0 

(ii)  u  =  0  at  x  =  L  and  at  y  =  L. 

The  choices  (b)  and  (c)  satisfy  these  conditions. 

18.  y  =  a  sin  (cot  -  kx) 

Speed  at  a  point  on  the  string  is 

V  =  —  =  aco  cos  (cot  -  kx) 
dt 

^max  =aco=  2  naf.  Given  Lmax  =  — . 
Hence  1U 

v  v  10 

—  =2t tqf=>f - = - t 

10  20?™  20;rxl0”3 


HT 

2n 


Hz 


A  =  = 


10 


/  103/27r 


=  27t  x  10 


2 


m 


So  the  correct  choices  are  (a)  and  (c). 

19.  The  amplitude  (and  hence  intensity)  of  a  plane 
wave  remains  constant  as  the  wave  propagates  in 
a  non-absorbing  medium.  For  a  spherical  wave, 
the  same  energy  crosses  a  spherical  surface  of  area 
4nr2  where  r  is  the  distance  from  the  source.  The 
wave  intensity  is  defined  as  the  energy  crossing  per 
unit  area  per  second.  Hence,  for  a  spherical  wave, 
the  intensity  decreases  as  1/r2.  But  the  total  inten¬ 
sity  spread  over  the  spherical  surface  is  the  same  at 
all  times.  Hence  the  correct  choices  are  (a),  (c)  and 
(d). 

20.  The  displacement  y(x,  t)  is  maximum  when  the  de¬ 
nominator  is  minimum,  i.e. 
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[(4x  +  5 1)2  +  5]  is  minimum.  Its  minimum  value  is 
5  when  (4x  +  5 1)2  =  0  or  4x  +  5t  =  0 

x  5  5  _i 

or  —  =  —  =>  v  =  —  ms 

t  4  4 

0  8 

if  max  =  -  j-  =  016  m 

Distance  travelled  by  pulse  in  t  =  2  s  is 
5 

vt=  —  x  2  =  -  2.5  m 

4 

The  negative  sign  shows  that  the  pulse  is  travelling 
in  negative  x-direction.  Since  y  is  not  a  symmetric 
function  of  x,  the  form  of  the  pulses  changes  as  it 
travels.  Hence  the  correct  choices  are  (b)  and  (c). 

21.  In  an  electromagnetic  wave,  y  represents  electric 
field  and  magnetic  field.  These  fields  oscillate  per¬ 
pendicular  to  each  other  as  well  as  perpendicular 
to  the  direction  of  propagation  of  the  wave.  In  a 
mechanical  wave,  y  represents  displacement.  In  a 
sound  wave, y  represents  pressure.  Thus  all  the  four 
choices  are  correct. 


22.  Standing  waves  are  produced  due  to  a  superposi¬ 
tion  of  an  incident  wave  and  a  reflected  wave.  In 
case  (a)  the  incident  wave  is  reflected  from  the 
clamped  end  of  the  string.  In  case  (c)  the  incident 
wave  is  reflected  from  the  wall.  Two  waves  travel¬ 
ing  in  the  same  direction  cannot  produce  standing 
waves;  they  give  rise  to  interference.  Thus  the  cor¬ 
rect  choices  are  (a),  (b)  and  (c). 

23 .  At  first  resonance,  the  frequency  of  the  fundamental 
mode  (first  harmonic)  equals  the  frequency  of  the 
tuning  fork.  At  second  resonance,  the  frequency 
of  the  third  harmonic  equals  the  frequency  of  the 
tuning  fork.  As  the  amplitude  of  oscillation  of  the 
fundamental  mode  is  the  highest,  the  intensity  of 
sound  heard  at  the  first  resonance  is  the  highest. 
Hence  choice  (a)  is  correct.  Choice  (b)  is  wrong, 
the  prongs  are  kept  in  a  vertical  plane.  Choice  (c) 
is  also  incorrect  as  the  amplitude  of  vibration  of 
the  ends  of  the  prongs  is  typically  around  1  mm. 
Choice  (d)  is  correct.  Due  to  end-correction  (=  e), 
(Ll  +  e)  =  XI 4  at  first  resonance.  Thus  the  correct 
choices  are  (a)  and  (d). 


Multiple  Choice  Questions  Based  On  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

When  two  sound  waves  travel  in  the  same  direction  in  a 
medium,  the  displacements  of  a  particle  located  at  x  at 
time  t  is  given  by 

y j  =  0.05  cos  (0.50  nx  -  100  jtt) 

and  y2  =  0.05  cos  (0.46  nx  -  92  nr) 

where  yx,  y2  and  x  are  in  metre  and  t  in  second 

<  IIT,  2006 


SOLUTION 

1.  The  two  displacements  can  be  written  as 

yx  =  A  cos  (kxx  -  (Oxt)  (1) 

and  y2  =  A  cos  (k2x  -  (02t)  (2) 

2  n  , 

where  A  =  0.05  m,  kx  =  —  =  0.507t  m  , 

X, 

1  27T  _i 

col  =  2nvl  =  lOOTrrads  , k2  =  —  =0.467rms  and 

X2 


1.  What  is  the  speed  of  sound  in  the  medium? 

(a)  332  ms-1  (b)  100  ms-1 

(c)  92  ms-1  (d)  200  ms-1 

2.  How  many  times  per  second  does  an  observer  hear 
the  sound  of  maximum  intensity? 

(a)  4  (b)  8 

(c)  12  (d)  16 

3.  At  x  =  0,  how  many  times  between  t  =  0  and  t=  Is 
does  the  resultant  displacement  become  zero? 

(a)  46  (b)  50 

(c)  92  (d)  100 


co2  =  lnv2  =  92  7rrad  s  *.  The  speed  of  either  wave 
is 

IT  X\  ®| 

=  2™\  x  tr-  =  “T" 

27T 


1007T 


=  200  ms  1 


0.507T 
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-  COj 

or  v2=  v2l2  =  —  = 
k2 

Hence  the  correct  choice  is 


92k 

0.46* 


(d). 


=  200  ms  '• 


=  A  cos  (kxx  -  a>xt)  +  A  cos  ( k2x  -  co2t) 
Forx  =  0,  we  have 

y  =  A  cos  coxt  +  A  cos  co2t 


2.  Beat  frequency  =  v,  -  v2.  Now 


and 


n  = 
v2  = 


®L 

2k 

®2_ 

2k 


100* 
2  K 

_  92 K 
2k 


=  50  Hz 

=  46  Hz 


=  2Hcos  \-{cox+(02)t\x 


cos  -co2)t 


y  =  0.10  cos  (96  Kt)  cos  (4  jti) 


Beat  frequency  =  50  —  46  =  4  Hz.  Hence  the  cor¬ 
rect  choice  is  (a). 

3.  The  resultant  displacement  is  given  by 

y  =y  i  +T2 


Between  t  =  0  and  t  =  1  s,  cos  (96  Kt)  becomes 
zero  96  times  and  cos  (4*?)  becomes  zero  4 
times.  Hence  the  resultant  displacement  y  at  x  =  0 
becomes  zero  100  times  between  t  =  0  and  t=  Is. 
The  correct  choice  (d). 


Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

A  string  25  cm  long  and  having  a  mass  of  2.5  g  is  under 
of  tension.  A  pipe  closed  at  one  end  is  40  cm  long.  When 
the  string  is  set  vibrating  in  its  first  overtone  and  the  air  in 
the  pipe  in  its  fundamental  frequency,  8  beats  per  second 
heard.  It  is  observed  that  decreasing  the  tension  in  the 
string  decreases  the  beat  frequency.  The  speed  of  sound 
in  air  is  320  ms-1. 

<  IIT,  1982 


4.  The  frequency  of  the  fundamental  mode  of  the 
closed  pipe  is 

(a)  100  Hz  (b)  200  Hz 

(c)  300  Hz  (d)  400  Hz 

5.  The  frequency  of  the  string  vibrating  in  its  first 
overtone  is 

(a)  92  Hz  (b)  108  Hz 

(c)  192  Hz  (d)  208  Hz 

6.  The  tension  in  the  string  is  very  nearly  equal  to 

(a)  25  N  (b)  27  N 

(c)  28  N  (d)  30  N 


SOLUTION 


4.  Frequency  of  fundamental  mode  of  the  closed  pipe  is 
v_  =  320 

4  L  4x0.40 


np  = 


=  200  Hz 


5. 


The  correct  choice  is  (b). 

Since  the  beat  frequency  is  8,  the  frequency  of  the 
string  vibrating  in  its  first  overtone  is 
n  =  n„  ±  8  =  200  ±  8  =  192  Hz  or  208  Hz 

*  F 


where  for  first  overtone,  ns 


(1) 


It  is  given  that  the  beat  frequency  decreases  if  the 
tension  in  the  string  is  decreased.  As  the  frequency 
decreases  with  decrease  of  tension,  it  is  obvious 
that  ns  >  np.  Hence 

ns  =  208  Hz  and  not  192  Hz. 

Thus  the  correct  choice  is  (d). 

Substituting  the  values  of  /,  m  and  ns  in  Eq.  (1),  we 
get  T=  27.04  N.  Hence  the  correct  choice  is  (b). 


Questions  7  to  11  are  based  on  the  following  passage 
Passage  III 

The  vibrations  of  a  string  of  length  60  cm  fixed  at  both 
ends  are  represented  by  the  equation 

y  =  4  sin  j  cos  (96  Kt) 

where  x  and  y  are  in  cm  and  t  in  second. 

<  IIT,  1985 


7.  The  frequency  of  vibrations  of  the  string  is 

(a)  48  Hz  (b)  50  Hz 

(c)  96  Hz  (d)  100  Hz 

8.  The  maximum  displacement  of  a  point  at  x  =  10  cm 
is 

(a)  2  cm  (b)  4  cm 

(c)  2  V3  cm  (d)  4  V3  cm 
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9.  How  many  nodes  are  formed  on  the  string? 

(a)  2  (b)  3 

(c)  4  (d)  5 

10.  In  which  harmonic  mode  is  the  string  vibrating? 
(a)  Fundamental  (b)  third 

(c)  fourth  (d)  fifth 

SOLUTION 


11.  The  velocity  of  the  particle  at  x  =  7.5  cm  at  t  =  0.25  s 
is 

(a)  zero  (b)  320  ms-1 

(c)  60  ms-1  (d)  96  ms-1 


7.  2  nv  =96  n  — >  v  =  48  Hz.  Thus  the  correct  choice 
is  (a) 

8.  Displacement  is  maximum  when  cos  (96  nt)  =  1. 

.  . .  A  ■  ( ttxlO^  .  f 2 

At  x  =  10  cm,  ymax  =  4  sin  I  — I  =4  sin  I  - —  \ 


=  2  V3  cm 


10.  The  correct  choice  is  (c)  because  5  nodes  are  formed 
on  the  string. 

11.  The  velocity  of  the  string  at  a  point  x  at  time  t  is 
obtained  by  differentiating 

y  =  4  sin  f— 1  cos  (96  nt) 


9. 


The  correct  choice  is  (c). 

At  nodes  the  displacement  is  always  zero.  Hence 
nodes  are  located  at  values  of  x  given  by 


nx 


15 


nx 


sin  —  =  0  or  —  =  pn 


15 


where  p  =  0,  1,  2,  3,  ...  etc. 

Thus  x  =  15  p  =  0,  15,  30,  45  and  60  cm. 
Thus  the  correct  choice  is  (d). 


which  respect  to  t. 

Velocity  —  =  -  (4  x  96  n)  x  sin  [  —  j  sin  (96  n  t) 
dt  V  15  y 

At  x  =  7.5  cm  and  t  =  0.25  s,  the  velocity  is  zero 
because  at  t  =  0.25  s,  sin  (96  nt)  =  sin  (24  n)  =  0. 
Hence  the  correct  choice  is  (a). 


Questions  12  to  15  are  based  on  the  following  passage 
Passage  IV 

The  displacement  of  the  medium  in  a  sound  wave  is 
given  by 

yl=  A  cos  (ax  +  bt) 

where  A,  a  and  b  are  positive  constants.  The  wave  is 
reflected  by  an  obstacle  situated  at  x  =  0.  The  intensity  of 
the  reflected  wave  is  0.64  times  that  of  the  incident  wave. 

<  IIT,  1991 

12.  The  wavelength  and  frequency  of  the  incident  wave 
respectively  are 


(a) 


2  n  b 
a  ’  2  n 


(c) 


2  b_ 
a ’  2 


(b) 

(d) 


a  2  n 
2 n’  ~b 

1 

a,  — 
b 


13.  The  equation  for  the  reflected  wave  is 

(a)  y2  =  0.8  A  cos  (-  ax  +  bt) 

(b)  y2  =  -  A  cos  (-  ax  +  bt) 

(c)  y2  =  -  0.64  A  cos  (-  ax  +  bt) 

(d)  y2  =  -  0.8  A  cos  (-  ax  +  bt) 

14.  In  the  standing  wave  formed  due  to  the  superposi¬ 
tion  of  the  incident  and  reflected  waves,  the  maxi¬ 
mum  values  of  the  particle  speed  in  the  medium  is 

(a)  Ab  (b)  1.64  Ab 

(c)  1.8  Ab  (d)  2  Ab 

15.  The  minimum  value  of  the  particle  speed  in  the 
medium  is 

(a)  zero  (b)  0.2  Ab 

(c)  0.64  Ab  (d)  0.8  Ab 


SOLUTION 


12.  The  incident  wave  is  given  by 

y1  =  A  cos  (ax  +  bt) 

(1) 

The  standard  wave  equation  is 

y  =  A  cos  ( kx  +  cot) 

(2) 

where  k  is  the  wave  number  and  co,  the  angular  fre¬ 
quency.  Comparing  (1)  and  (2)  we  get  k  =  a  and  co  = 


b.  Hence  wavelength  A  =  —  =  —  and  frequency 
=  a_  =  ±  k  a 

2  n  2  n 

The  correct  choice  is  (a). 

13.  Since  the  intensity  of  the  reflected  wave  is  0.64 
times  that  of  the  incident  wave,  the  amplitude  Ar  of 


14.42  Comprehensive  Physics — JEE  Advanced 


the  reflected  wave  will  be  \/0.64  =  0.8  times  that 
of  the  incident  wave,  i.e. 

Ar  =  0.8  A 

Now,  when  a  wave  is  reflected  by  an  obstacle,  it 
suffers  a  reversal  of  amplitude  (which  implies  a 
phase  change  of  n  radian),  i.e.  Ar  =  -  0.8  A.  Since 
the  incident  wave  is  travelling  in  the  negative  x  di¬ 
rection,  the  reflected  wave  will  travel  in  the  positive 
x  direction.  Therefore,  the  equation  of  the  reflected 
wave  can  be  obtained  from  Eq.  (1)  by  replacing  A 
by  Ar  =  -  0.8  A  and  x  by  -  x.  Thus,  the  reflected 
wave  is  given  by 

y2  =  -  0.8  A  cos  (-  ax  +  bt)  (3) 
Thus  the  correct  choice  is  (d). 

14.  Differentiating  Eq.  ( 1 )  will  respect  to  time  t,  we  get 
the  expression  for  the  particle  speed  in  the  medium 
due  to  the  incident  wave,  which  is 

V1  =  C-^~  =  —  {A  cos  (ax  +  bt)} 
dt  dt 

=  -  Ab  (ax  +  bt)  (4) 

.'.  Maximum  particle  speed  due  to  the  incident 
wave  is 


Differentiating  Eq.  (3)  with  respect  to  t,  the  particle 
speed  due  to  the  reflected  wave  is  given  by 


V2  = 


dy2 

dt 


=  —  [-  0.8  A  cos  (bt  -  ax)] 
dt 


=  0.8  Ab  sin  (bt  -  ax) 

•••  (V2)max  =  0.8  Ab 

From  the  superposition  principle,  the  maximum 
particle  speed  in  the  medium  due  to  both  the  inci¬ 
dent  and  reflected  waves  is  given  by  the  algebraic 
sum  of  the  individual  maximum  particle  speeds,  i.e. 

^max  —  1  ^  I  )max  ^  (Pl)max 

=  Ab  +  0.8  Ab  =  1.8  Ab 


So  the  correct  choice  is  (c). 

15.  Since  A  and  b  are  positive  constants,  the  minimum 
particle  speed  is 


V„ 


(V,) 

max  (v2)  max 


=  Ab  -  0.8  Ab  =  0.2  Ab 


(  )max 


Ab 


The  correct  choice  is 


(b). 


Questions  16  to  19  are  based  on  the  following  passage 
Passage  V 

The  air  column  in  a  pipe  closed  at  one  end  is  made  to 
vibrate  in  its  second  overtone  by  a  tuning  fork  of  frequency 
400  Elz.  The  speed  of  sound  in  air  is  320  ms"1.  The  end 
correction  may  be  neglected.  Let  P0  denote  the  mean 
pressure  at  any  point  in  the  pipe  and  A P0  the  maximum 
amplitude  of  pressure  variation. 

<  IIT,  1998 

16.  The  length  L  of  the  air  column  is 

(a)  20  cm  (b)  60  cm 

(c)  1.0  m  (d)  1.4  m 

17.  The  amplitude  of  pressure  variation  at  the  middle 
of  the  air  column  is 

SOLUTION 

16.  Figure  14.13  shows  the  longitudinal  displacement 
y  as  a  function  of  x  for  x  lying  between  x  =  0  and 
x  =  L,  where  L  is  the  length  of  the  pipe. 


y 


Fig.  14.13 


(a)  AP0  (b)  2AP0 

A  p 

(c)  v/2AP0  (d)  -± 

18.  The  maximum  and  minimum  pressures  at  the  open 
end  of  the  pipe  respectively  are 

(a)  PQ  +  A P 0,  P0  -  A P o 

(b)  P0  +  AP 0,  P0 

(c)  P0,  Pq  ~  AP o 

(d)  P0,  P0 

19.  The  maximum  and  minimum  pressures  at  the  closed 
end  of  the  pipe  respectively  are 

(a)  P0  +  A P0,  P0  -  A P0 

(b)  P0  +  AP 0,  P0 

(c)  Pq>  Pq  ~  AP0 

(d)  P0,P0 


The  fundamental  frequency  of  a  closed  pipe  is  giv¬ 
en  by 

v 

V  =  — 

4  L 

In  a  closed  pipe,  only  odd  harmonics  are  present, 
i.e.  the  frequency  v1  of  the  first  overtone  is  3  times 
the  fundamental  frequency,  that  of  the  second  over¬ 
tone  v2  is  5  times  the  fundamental  frequency  and  so 
on.  Thus 
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L  = 


5v 

v9  =  5  v  =  — 
2  4  L 

5y  _  5  x  320 


4x400 


=  1.0  m 


The  correct  choice  is  (c). 

17.  Since  the  distance  between  two  consecutive 

nodes  is  —  and  that  between  a  node  and  the  next 
2 

A 

antinode  is  — ,  it  follows  from  Fig.  14.7  that 
4 

X  A  A  5  A 

L =  —+—+—= — 

2  2  4  4 

We  know  that  the  pressure  variation  (excess  pres¬ 
sure)  is  maximum  at  a  node  and  minimum  (equal  to 
zero)  at  an  antinode.  Therefore,  the  pressure  varia¬ 
tion  at  a  distance  x  from  a  node  is  given  by 

AP=AP0cosf^l  (1) 


_  _  _  .  ,  .  L  5A 

The  centre  C  ot  the  tube  is  at  x  =  —  or  x  =  — — 

/  5Ah  ^  8 

I  since L- — I.  The  second  node  N2  is  at  x  = 


A 

— .  Therefore,  the  distance  of  C  from  N7  is  x  = 
2  2 

5A  A  A 

- =  — .  Using  this  value  of  x  in  Eq.  ( 1)  we 

8  2  8 

have 

A P  at  C  =  AP0  cos  |  —  x  — 


A  8 


=  A P0  cos  —  = 


n  _  A P0 
4  V2 


Thus  the  correct  choice  is  (d). 

18.  At  an  antinode,  the  pressure  variation  is  zero,  i.e. 
A P0  =  0.  Hence,  at  an  antinode 

p  =  p  =  p 

max  min  0 

So  the  correct  choice  is  (d). 

19.  At  a  node,  the  pressure  variation  is  maximum  equal 
to  A P0.  Hence,  at  a  node 

^max  =  Pq  +  ^Pq  and 

Pmm  =  Pq  ~  ^Pq 

Thus  the  correct  choice  is  (a). 


Questions  20  to  22  are  based  on  the  following  passage 
Passage  VI 

A  wire  of  mass  9.8  x  1 0  '  kg  per  metre  passes  over  a 
frictionless  pulley  fixed  at  the  top  of  an  inclined  frictionless 
plane  which  makes  an  angle  of  30°  with  the  horizontal. 
Two  masses  Mx  and  M2  are  tied  at  the  two  ends  of  the 
wire.  Mass  Mx  rests  on  the  inclined  plane  and  mass  M2 
hangs  freely  vertically  downwards.  The  whole  system  is 
in  equilibrium.  Now  a  transverse  wave  propagates  along 
the  wire  with  a  speed  of  100  ms-1. 

SOLUTION 

20.  RefertoFig.  14.14.  Let  Tbe  the  tension  in  the  string 
when  the  system  is  in  equilibrium. 

It  follows  from  the  figure  that,  at  the  equilibrium 
position,  the  component  Mxg  cos  9  of  weight  Mx  g 


20. 

The 

tension  T  in  the  wire 

is 

(a) 

0.98  N 

(b) 

9.8  N 

(c) 

98  N 

(d) 

980  N 

21. 

The 

value  of  mass  Mx  is 

(a) 

2  kg 

(b) 

5  kg 

(c) 

10  kg 

(d) 

20  kg 

22. 

The 

value  of  mass  M2  is 

(a) 

5  kg 

(b) 

10  kg 

(c) 

15  kg 

(d) 

20  kg 

balances  with  the  normal  reaction  N  and  the  other 
component  Mx  g  sin  9  will  balance  with  tension  T 
in  the  string.  Also  weight  M2  g  of  mass  M2  will  bal¬ 
ance  with  tension  T.  Thus 

Mx  g  sin  9  =  T  (1) 

and  M2  g  =  T  (2) 

Now,  the  speed  of  a  transverse  wave  in  a  wire  of 
mass  m  per  unit  length  and  stretched  with  a  tension 
T  is  given  by  _ 

\P 

\  m 

or  T  =  v2  m  (3) 
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Given  m  =  9.8  x  10  3  kg  m  1  and  v  =  100  ms 
Using  these  values  in  Eq.  (3),  we  have 
T=  (100)2  x  9.8  x  10~3  =  98  N 


Thus  the  correct  choice  is  (d). 
22.  From  Eq.  (2),  we  have 


21.  From  Eq.  (1),  we  get 


Mx  = 


T 

g  sin  6 


98 

9.8xsin30° 


20  kg 


98 

9.8 


10  kg,  which  is  choice  (b). 


Questions  23  to  25  are  based  on  the  following  passage 
Passage  VII 

A  source  of  sound  of  frequency  90  FIz  is  moving  towards  a 
wall  with  a  speed  u  =  p/10,  where  v  is  the  speed  of  sound 
in  air. 

<  IIT,  1981 

23.  The  beat  frequency  of  the  sound  heard  by  an 
observer  between  the  wall  and  the  source  is 
(a)  20  Hz  (b)  10  Hz 

(c)  5  Hz  (d)  zero 


24.  The  beat  frequency  of  the  sound  heard  by  an  ob¬ 
server  behind  the  source  is 

(a)  ^  Hz  (b)  20  Hz 

(c)  Hz  (d)  zero 

25.  The  beat  frequency  of  the  sound  heard  by  the 
observer  moving  with  the  source  is 

(a)  11  Hz  (b)  9.9  Hz 

(c)  10  Hz  (d)  20  Hz 


SOLUTION 


23.  The  observer  hears  two  sounds-one  coming 
directly  from  the  approaching  source  and  the  other 
sound  after  reflection  from  the  wall  (which  can  be 
considered  as  coming  from  the  mirror  image  of  the 
source).  The  apparent  frequency  of  the  approach¬ 


ing  source  is 

( 

v'  =  V 


P 


=  90  x 


=  100  Hz 


yv-llsj  ^P-p/10y 

When  the  observer  is  between  the  wall  and  the 
source,  the  apparent  frequency  of  the  sound  reflected 
from  the  wall  is  also  v'.  Therefore,  frequency  of 
beats  =  v'  -  v'  =  0.  The  observer  will  not  hear  any 
beats. 

So  the  correct  choice  is  (d). 

24.  When  the  observer  is  behind  the  source,  i.e.  when 
the  source  is  between  the  wall  and  the  observer,  the 
apparent  frequency  of  the  sound  coming  directly 
from  the  receding  source  is 

(  v 

V"  =  V 

yv  +  uj 


=  90  x 


v 


v  +  p/10 


900 

11 


Hz 


Beat  frequency  =  v  -  v"  =  100  - 


200 

TT 


Hz. 


Hence  the  correct  choice  is  (c). 

25.  If  the  observer  is  moving  with  the  source,  the  fre¬ 
quency  of  the  direct  sound  is  v  =  100  Hz.  The  ap¬ 
parent  frequency  of  the  reflected  sound  is 


^v  +  u  ^ 


v  -u 


=  90  x 


p  +  p/10 


(p-p/10  ) 


=  110  Hz 


.•.  Beat  frequency  =  V  v  =  1 10  -  90  =  20  Hz 
So  the  correct  choice  is  (d). 
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Matrix  Match  Type 

43.  Column  I  shows  four  systems,  each  of  the  same  length  L,  for  producing  standing  waves.  The  lowest  possible 
natural  frequency  of  a  system  is  called  its  fundamental  frequency,  whose  wavelength  is  denoted  as  Af.  Match  each 
system  with  statements  given  in  Column  II  describing  the  nature  and  wavelength  of  the  standing  waves. 

Column  I  Column  II 

(a)  Pipe  closed  at  one  end  (p)  Longitudinal  waves 


O  L 

(b)  Pipe  open  at  both  ends 


O  L 

(c)  Stretched  wire  clamped  at  both  ends 


O  L 

(d)  Stretched  wire  clampeed  at  both  ends 
and  at  mid-point 

-4 — i 

O  L/2  L 


(q)  Transverse  waves 

(r)  Af  =L 

(s)  Af=2  L 


(t)  Af  =  41 


<  IIT,  2011 


SOLUTION 

(a)  The  closed  end  of  a  pipe  is  a  node  and  the  open  end  is  an  antinode.  The  distance  between  a  node  and  the 
next  antinode  is  A/4.  Hence  Af  =  4 L.  In  pipes,  the  standing  waves  are  due  to  superposition  of  oppositely 
travelling  sound  (longitudinal)  waves. 

•••  (a)  ->  (p,  t) 


(b)  Here  L  =  — 
2 

(b)  ->  (p,  s) 


Af  =  2 L  (v  distance  between  consecutive  antinodes  =  A/2) 


(c)  For  a  string  fixed  at  both  ends,  each  end  is  a  node.  Since  the  distance  between  two  consecutive  nodes  is 
A/2,  Af  =  2 L.  Also  standing  waves  on  a  string  are  due  to  superposition  of  transverse  waves. 

•••  (c)  ->  (q,  s) 

L  X 

(d)  Here  the  mid  point  is  a  node.  Hence  —  =  —  =>  Af  =  L 

•••  (d)  — >  (q,  r)  2  2 


ANSWERS 

(a)  ->  (P,  t) 


(b)  ->  (p,  s) 


(c)  ->  (q,  s) 


(d)  ->  (q,  r) 
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Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  of  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

Only  longitudinal  mechanical  waves  can  propagate 
in  gases. 

Statement-2 

Gases  have  only  bulk  modulus. 

2.  Statement-1 

Two  sound  waves  of  equal  intensity  /  produced 
beats.  The  maximum  intensity  of  sound  produced 
in  beats  is  47. 

Statement-2 

If  two  waves  of  amplitudes  ax  and  a2  superpose,  the 
maximum  amplitude  of  the  resultant  wave  =  al  +  a2. 

3.  Statement-1 

A  medium  must  possess  elasticity  in  order  to  sup¬ 
port  wave  motion. 

Statement-2 

Restoring  force  does  not  exist  in  a  medium  which 
does  not  have  elasticity. 

4.  Statement-1 

Solids  can  support  both  longitudinal  and  transverse 
mechanical  waves  but  only  longitudinal  mechani¬ 
cal  waves  can  propagate  in  gases. 

Statement-2 

Gases  do  not  have  shear  modulus. 

5.  Statement-1 

In  standing  sound  waves,  a  displacement  node  is  a 
pressure  antinode  and  vice  versa. 

Statement-2 

In  a  standing  wave,  the  restoring  force  is  the  maxi¬ 
mum  at  a  node  and  minimum  at  an  antinode. 


6.  Statement-1 

Our  ears  cannot  distinguish  two  notes,  one  produced 
by  a  violin  and  other  by  a  sitar,  if  they  have  exactly 
the  same  intensity  and  the  same  frequency. 

Statement-2 

When  a  musical  instrument  is  played,  it  produces  a 
fundamental  note  which  is  accompanied  by  a  num¬ 
ber  of  overtones  called  harmonics. 

7.  Statement-1 

Doppler’s  effect  does  not  occur  in  case  of  a  super¬ 
sonic  source. 

Statement-2 

A  supersonic  source  produceds  a  shock  wave. 

8.  Statement-1 

If  a  source  of  sound  moves  always  from  a  stationary 
observer,  the  apparent  frequency  of  sound  as  heard  by 
the  observer  is  greater  than  the  actual  frequency. 

Statement-2 

The  cause  of  the  apparent  change  in  frequency  is 
the  change  in  the  wavelength  brought  about  by  the 
motion  of  the  source. 

9.  Statement-1 

If  an  observer  moves  towards  a  stationary  source  of 
sound,  the  frequency  of  the  sound  as  heard  by  him 
is  greater  than  the  actual  frequency. 

Statement-2 

The  apparent  increase  in  frequency  is  due  to  the 
fact  that  the  observer  intercepts  more  waves  per 
second  when  the  moves  towards  the  source. 

10.  Statement-1 

If  a  source  of  sound  is  in  motion  and  the  observer 
is  stationary,  the  speed  of  sound  relative  to  him 
remains  unchanged. 

Statement-2 

The  apparent  change  in  frequency  is  due  to  the 
change  in  the  wavelength  brought  about  by  the 
motion  of  the  source. 

11.  Statement-1 

If  the  observer  is  in  motion  and  the  source  of  sound 
is  stationary,  the  speed  of  sound  relative  to  him  is 
changed. 
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Statement-2 

The  wavelength  of  sound  received  by  the  observer 
does  not  change  due  to  his  motion. 

12.  Statement-1 

The  apparent  frequency  is  not  the  same  in  the 
following  two  cases-  (i)  source  approaching  a  sta- 

SOLUTION 

1.  The  correct  choice  is  (a).  Gases  cannot  withstand 
a  shearing  stress  or  longitudinal  stress.  Hence  they 
do  not  have  shear  modulus  and  Young’s  modulus; 
they  have  only  bulk  modulus. 

2.  The  correct  choice  is  (a).  When  two  waves  of  am¬ 
plitudes  ax  and  a2  superpose  to  produce  beats,  the 
resultant  amplitude  of  the  maximum  of  intensity  is 

A  =  ax  +  a2 

Now,  intensity  °c  (amplitude)2.  Since  the  two 
waves  have  the  same  intensity,  their  amplitudes  are 
equal,  i.e.  ax  =  a2  =  a.  Thus  A  =  2a.  Therefore,  A2 
=  4a2  or  /max  =  41. 

3.  The  correct  choice  is  (a). 

4.  The  correct  choice  is  (a).  Gases  cannot  withstand  a 
shearing  stress.  Hence  gases  do  not  have  any  shear 
modulus;  they  have  only  bulk  modulus.  Solids  have 
Young’s  modulus,  bulk  modulus  and  shear  modu¬ 
lus.  Therefore,  solids  can  support  both  transverse 
and  longitudinal  waves. 

5.  The  correct  choice  is  (c). 

6.  The  correct  choice  is  (d).  When  a  musical  instru¬ 
ment  is  played,  it  produced  a  fundamental  note 


tionary  observer  with  a  certain  velocity  and  (ii) 
observer  approaching  a  stationary  source  of  sound 
with  the  same  velocity. 

Statement-2 

The  cause  of  the  apparent  change  in  the  frequency 
is  different  in  the  two  cases. 


which  is  accompanied  by  a  number  of  overtones 
called  harmonics.  The  number  of  harmonics  is  not 
the  same  for  all  instruments.  It  is  the  number  of 
harmonics  which  distinguishes  the  note  produced 
by  a  sitar  and  that  produced  by  a  violin. 

7.  The  correct  choice  is  (a).  If  the  source  of  sound  is 
moving  at  a  speed  greater  than  the  speed  of  sound, 
then  in  a  given  time  the  source  advances  more  than 
the  wave.  The  resultant  wave  motion  is  a  conical 
wave  called  a  shock  wave  which  produces  a  sudden 
and  violent  sound. 

8.  The  correct  choice  is  (d). 

9.  The  correct  choice  is  (a). 

10.  The  correct  choice  is  (a). 

11.  The  correct  choice  is  (a). 

12.  The  correct  choice  is  (a).  In  case  (i)  the  speed  of 
sound  relative  to  the  observer  remains  unchanged; 
the  change  in  frequency  is  due  to  a  change  in  wave¬ 
length  brought  about  by  the  motion  of  the  source. 
In  case  (ii)  the  wavelength  of  sound  remains  un¬ 
changed;  the  change  in  frequency  is  due  to  a  change 
in  the  speed  of  sound  relative  to  the  observer. 


# 

Integer  Answer  Type 


1.  An  ambulance  sounding  a  horn  of  frequency  256 
Hz  is  moving  towards  a  vertical  wall  with  a  veloc¬ 
ity  of  5  ms-1.  If  the  speed  of  sound  is  330  ms~',  how 
many  beats  per  second  will  be  heard  by  an  observer 
standing  a  few  metres  behind  the  ambulance? 

<  IIT,  1981 

2.  A  steel  wire  of  length  1  m,  mass  0. 1  kg  and  unifonn 
cross-sectional  area  10~7  m2  is  rigidly  fixed  at  both 
ends.  The  temperature  of  the  wire  is  decreased  by 
80/3°C.  If  transverse  waves  are  set  up  in  the  wire, 


find  the  frequency  of  the  fundamental  mode  of 
vibration  in  Hz.  The  Young’s  modulus  of  steel 
=  2  x  1011  NnT2  and  coefficient  of  linear  expansion 
of  steel  =  1.2  x  10~5  per  °C. 

<  IIT,  1981 

3.  A  20  cm  long  string,  having  a  mass  of  1 .0  g,  is  fixed 
at  both  the  ends.  The  tension  in  the  string  is  0.5  N. 
The  string  is  set  into  vibrations  using  an  external  vi¬ 
brator  of  frequency  100  Hz.  Find  the  separation  (in 
cm)  between  the  successive  nodes  on  the  string. 

<  IIT,  2009 
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SOLUTIONS 


1.  The  observer  will  hear  a  sound  of  the  source 
moving  away  from  him  and  another  sound  after 
reflection  from  the  wall.  The  apparent  frequencies 
of  these  sounds  are 

vv  256x330 
h 


v,  = 


and 


v2 


v  +  u  (330  +  5) 

vv  256x330 


=  252  Hz 


=  260  Hz 


v-u  (330-5) 

No.  of  beats  per  second  (beat  frequency)  =  260 
-252  =  8 

2.  Contraction  A L  =  aLAd 


Young’s  modulus  Y  = 


TL 

AAL 


;  T  =  tension 


T=Y-^±=YAaA0 


80 

=  2  x  1011  x  10-7  x  1.2  x  10~5  x  — 


Frequency  of  fundamental  mode  is 

i  It 

V  = —  —  ;  ju  =  mass  per  unit  length  of  wire 
2L  V 

1  (6A  .  TT 

2x1  V  0.1 

3.  Mass  per  unit  length  of  the  string  is 


1.0x10 


-3 


m  = 


20x10 


-2 


=  5  x  10~3  kg  m  1 


Speed  of  waves  in  the  string  is 


T 

v  =  \~  = 
V  m 


0.5 


5x10 


-3 


=  10  m  s 


Now  u  =  vA=>A  =  —  =  =0.1  m 

v  100 

=  10  cm 

Separation  between  successive  nodes 

=  —  =  5  cm 
2 


=  6.4  N 


Thermal  Expansion 


REVIEW  OF  BASIC  CONCEPTS 

15.1  |  THERMAL  EXPANSION _ 

If  the  temperature  of  a  body  is  increased,  its  length,  surface 
area  and  volume  all  increase. 

(i)  Coefficient  of  Linear  Expansion  If  the  body  is  in 
the  form  of  a  rod,  the  increase  A L  in  its  length  when 
the  temperature  is  increased  by  AT  is  proportional 
to  (a)  the  original  length  L  and  (h)  increase  in  tem¬ 
perature  AT,  i.e. 

AL  oc  LAT  =$  AL  =  aLAT 


where  a  is  the  coefficient  of  linear  expansion  of  the 
material  of  the  body.  Thus 
L  =  L0  ( 1  +  aAT) 

(ii)  Coefficient  of  Area  Expansion 

Similarly  B  =  -J--~ 

AAT 

where  p  is  called  the  coefficient  of  area  expansion 
A  =A0(  1  +  PAT) 

(iii)  Coefficient  of  Volume  Expansion 


15.2  !  APPLICATIONS 

_ I _ 

(i)  Variation  of  Density  with  Temperature 

^  .  mass  m 

Density  =  -  or  p  =  — 

volume  V 

Since  mass  m  remains  constant,  pV  =  constant. 
Thus 


PV=P0  V0 


PqVq 

Vo  (1  +  jAT) 


Po 

(1  +  yAT) 


Thus  density  of  a  substance  decreases  with  increase 
in  temperature. 

(ii)  Thermal  Stress 

If  a  rod  is  held  between  two  rigid  supports  and  its 
temperature  is  increased  or  decreased,  the  rigid 
supports  prevent  the  rod  from  expanding  or  con¬ 
tracting.  As  a  result,  a  stress  (called  thennal  stress) 
is  developed  in  the  rod.  The  change  in  length  of  the 
rod  is 

AL  =  aLAT 


Strain 


=  aAT 


Young’s  modulus  ( Y)  = 


V=V0(1  +  yAT) 

The  SI  unit  of  a,  fi  and  yis  (°C)_1  or  K  '. 
(iv)  Relation  between  a,  P  and  yis 
a  :  P :  y= 1:2:3 
i.e.  y=2p  =  3  a. 


Y  AL 

Thermal  stress  =  -  =  YaAT 

L 

(iii)  Heating  and  Cooling  of  a  metallic  scale 

A  linear  metallic  scale  expands  when  heated  and 
contracts  when  cooled. 

A  reading  of  1  unit  of  a  heated  scale  is  equivalent  to  a 
an  actual  length  of  1  unit  x  ( 1  +  aAT)  where  AT  is  the 
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rise  in  temperature.  If  the  reading  of  the  heated  scale 
is  x  units,  the  actual  length  =  x( 1  +  a  AT)  units. 

If  the  temperature  is  decreased  by  AT,  the  actual 
reading  =  x(\  -  aAT)  units. 

(iv)  Consider  two  metal  rods  of  lengths  Lx  and  L2.  Let 
L[  and  L[  be  their  lengths  when  their  temperature 
is  increased  by  AT,  then 

L{=LX(  1  +  axAT)) 
and  L2  =  L2(\  +  a^AT) 

where  ax  and  a2  are  their  respective  coefficients  of 
linear  expansion.  The  difference  of  their  lengths  is 

L2—  L(=  L2(\  +  a2AT)  —  Lx(  1  +  axAT) 
Their  difference  in  lengths  will  remain  constant  if 
L{~  L[=  L2  -  Lx 
i.e.  if  Lxax  =  L2a2 

(v)  Loss  or  gain  of  time  of  a  metallic  pendulum  clock 
due  to  rise  or  fall  of  room  temperature 

The  time  period  of  a  simple  pendulum  is  given  by 

T=  2  n.j^- 

If  the  room  temperature  rises  by  AT,  the  length 
of  the  pendulum  increases.  Hence  the  time  period 
increases  which  implies  that  a  metallic  pendulum 
clock  slows  down.  If  L'  is  the  length  of  heated 
clock,  then  its  time  period  becomes 

r  =  In 


r  =  fF  =  \L(  1  +  aAT) 

T  V  L  V  L 

=  (1  +  aAT)1'2 

=  1+^  aAT  (v  aAT  is  small) 


T'-T 

T 

AT 

T 


-  aAT 
2 


-  aAT 
2 


This  gives  the  time  lost  per  second. 


1 


Time  lost  in  one  day  =  [  —  aAT  ]  x  (60  x  60  x  24) 


=  \^-aAT  J  x  86400  s 
If  the  room  temperature  falls  by  AT,  then 
Time  gained  in  one  day  =  [^aAT  j  x  86400  s 


EXAMPLE  15.1 


At  20°C,  a  brass  rod  has  a  length  50.0  cm.  It  is 
joined  to  a  steel  rod  of  the  same  length  and  the  same 
diameter  at  the  same  temperature.  Find  the  change 
in  the  length  of  the  composite  rod  when  it  is  heated 
to  220°C.  For  brass  a  =  2  x  10-5  K  1  and  for  steel 
a=  lx  10“5K_1. 


SOLUTION 


For  brass: 

(AT)b  =  ocb  Lh  AT 

=  (2.x  10“5)  x  0.5  x  (220  -  20) 
=  2  x  10“3  m 
=  2  mm 

For  steel: 

(AL)S  =  a.LsAT 

=  (1  x  10~5)  x  0.5  x  (220  -  20) 
=  1  mm 

AL  =  ( AL)b  +  ( AL)S  =  3  mm 


EXAMPLE  15.2 


A  metal  wire  of  cross-sectional  area  5  x  1 0  6  m2  is 
held  taut  at  30°C  between  two  rigid  supports  with 
negligible  tension  in  it.  Find  the  tension  developed  in 
the  wire  if  it  is  cooled  to  -20°C.  Given  a  of  metal  = 
2  x  10~5  KT1  and  Y=  1  x  1011  N  nT2. 


SOLUTION 


Thermal  stress  =  YaAT 
F 

Also  stress  =  — 

A 

F=  YAaAT 

=  (1  x  1011)  x  (5  x  10~6) 

x  (2  x  10~5)  x  [30  -  (-  20)] 
=  500  N 


EXAMPLE  15.3 


The  coefficient  of  volume  expansion  of  a  liquid  is 
5  x  10-4  K-1.  If  its  temperature  is  increased  by  30°C, 
find  the  percentage  change  in  its  density. 


SOLUTION 


(1  +  yAT) 

=$  p(  1  +  yAT)  =  p0  =»  p  -  p0  =  -  p0  yAT 


Thermal  Expansion  15.3 


or 


P~Po 

Po 


=  -  yAT 

=  -  5  x  1CT4  x  30  =  -  1.5  x  1(T2. 


The  negative  sign  indicates  that  the  density  decreases 
with  increase  in  temperature. 

—2 

Percentage  change  in  density  =  (1.5  X  10  ) 
X  100=  1.5% 


EXAMPLE  15.4 


I  A  block  of  mass  248  g  and  volume  205  cm3  floats  in  a 
liquid  contained  in  a  vessel.  The  density  of  the  liquid 
at  0°C  is  1.248  g  cm  .  It  is  found  that  the  block  just 
sinks  in  the  liquid  if  the  temperature  is  raised  to  50°C. 
Find  the  coefficient  of  volume  expansion  of  the  liq¬ 
uid  upto  appropriate  significant  figures.  The  volume 
expansion  of  the  block  is  negligible  compared  to  that 
of  the  liquid. 


SOLUTION 


The  block  will  just  sink  in  the  liquid  if  its  density 
becomes  equal  to  the  density  of  the  liquid  at  50°C. 
Density  of  block 


P  = 


248  g 
205  cm3 


1.210  g  cm  3 


Po=  Pd  +  7417) 

1.248  =  1.210  (1  +  yx  50) 

y=  6.28  x  10~4  (“C)-1  or  K_1 

The  quantity  AT  has  only  two  significant  figures. 
Hence  the  value  of  ymust  be  rounded  off  to  two  sig¬ 
nificant  figures.  Thus 

/=  6.3  x  10~4  K_I 


EXAMPLE  15.5 


I  A  large  steel  wheel  is  to  be  fitted  on  to  a  shaft  of  the 
same  material.  At  25°C,  the  diameter  of  the  shaft  is 
8.00  cm  and  the  diameter  of  the  hole  is  7.99  cm.  The 
shaft  is  cooled  using  ‘dry  ice’.  At  what  temperature 
of  the  shaft  does  the  wheel  slip  into  the  shaft.  Give  a 
for  steel  =  1  x  10~5  K-1. 


SOLUTION 


Decrease  in  temperature 


AT=^  = 


-0.01cm 


ocL  1  x10  5  x  8.00cm 


=  -  125°C 


7)  =-125  =>  7)  =-125  +  7)  =-125  + 

25  =  -100°C 


EXAMPLE  15.6 


A  steel  tape  gives  correct  readings  at  a  temperature 
of  15°C.  On  a  day  when  the  temperature  is  40°C, 
this  tape  measures  the  distance  between  two  points  as 
3152  cm.  What  is  the  actual  distance  between  the  two 
points?  Given  a  for  steel  =  1.2  x  10~5  K-1. 


SOLUTION 


AT  =  40  -  15  =  25°C 

Actual  distance  =  measured  distance  x  ( 1  +  aAT ) 
=  3152  x  (1  +  1.2  x  10~5  x  25) 

=  3152.9  cm  -  3153  cm 


EXAMPLE  15.7 


A  metal  pendulum  clock  gives  correct  time  at  a 
temperature  of  20°C.  How  much  time  does  it  lose  in  a 
day  if  the  room  temperature  is  35°C.  Given  a  of  metal 
=  1.25  X  lO^KT1. 


SOLUTION 


Time  lost  per  second  =  —  aAT 
2 


Time  lost  in  a  day  =  |  —  aAT  j  x  (24  x  60  x  60)s 

-xl.2xl0  5  xl5 
2 

x  (24  x  60  x  60) 

=  8.1  s 


EXAMPLE  15.8 


A  litre  glass  bottle  is  completely  filled  with  water  at 
20°C.  Find  the  volume  of  water  that  overflows  if  the 
bottle  and  water  are  heated  to  80°C  if 

(a)  the  expansion  of  bottle  is  neglected 

(b)  the  expansion  of  bottle  is  not  neglected 

7  of  water  =  6.0  x  10~4(°C)_1,  a  of  glass 
=  0.6  x  10_5(°Cr1. 


SOLUTION 


Volume  of  bottle  =  volume  of  water  =  1  litre  =  1000  cm3 

Volume  of  water  that  overflows  =  (final  volume  of 
water  -  final  volume  of  bottle) 

(a)  If  the  expansion  of  bottle  is  neglected,  the 
volume  of  water  that  overflows 

=  1000  x(l  +  ywAT)  -  1000 
=  1000  x(1  +  6.0  x  104x  60)  -  1000 
=  1036  -  1000  =  36  cm3 
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(b)  yg=  3«g=  3  x0.6  x  10~5=  1.8  x  10"5(oC)_1 

=  1000  x  (yw  -  Yg)  x  AT 

If  the  expansion  of  bottle  is  not  neglected,  the 

=  1000  x  (6.0  x  10  4  -  1.8  x  10  5)  x  60 

volume  of  water  that  overflows 

=  34.9  cm3 

=  1000  x(l  +  yw  AT)  -  1 000  (1  +  ygAT) 

# 


1.  When  a  solid  metallic  sphere  is  heated,  the  largest 
percentage  increase  occurs  in  its 

(a)  diameter  (b)  surface  area 

(c)  volume  (d)  density 

2.  A  steel  scale  measures  the  length  of  a  copper  rod 
as  L  cm  when  both  are  at  20°C,  the  calibration 
temperature  for  the  scale.  If  the  coefficients  of 
linear  expansion  for  steel  and  copper  are  as  and 
ac  respectively,  what  would  be  the  scale  reading 
(in  cm)  when  both  are  at  21°C? 


(a)  L 

0+«c) 

(1  +  «J 

s  C(, 

(b)  L 

«5 

(c)  L 

«L 

(d)  L 

3.  Two  uniform  brass  rods  A  and  B  of  lengths  /  and 
21  and  radii  2 r  and  r  respectively  are  heated  to  the 
same  temperature.  The  ratio  of  the  increase  in  the 
length  of  A  to  that  of  B  is 

(a)  1:1  (b)  1:2 

(c)  1  :  4  (d)  2  :  1 

4.  Two  rods  of  different  materials  having  coefficients 
of  thermal  expansion  ax  and  a2  and  Young’s  modulii 
Yx  and  Y2  are  fixed  between  two  rigid  and  massive 
walls.  The  rods  are  heated  to  the  same  tempera¬ 
ture.  If  there  is  no  bending  of  the  rods,  the  thermal 
stresses  developed  in  them  are  equal  provided 


<  IIT,  1989 

5.  A  piece  of  metal  floats  on  mercury.  The  coefficients 
of  volume  expansion  of  the  metal  and  mercury 
are  yx  and  y2  respectively.  If  their  temperature  is 
increased  by  AT,  the  fraction  of  the  volume  of  metal 
submerged  in  mercury  changes  by  a  factor 


' i  +  y2AT 3 
v 1  -  7i  AT  , 

72 
7i 

<  IIT,  1991 

6.  A  thin  copper  wire  of  length  L  increases  its  length 
by  1%  when  heated  from  temperature  Tx  to  T2. 
What  is  the  percentage  change  in  area  when  a  thin 
copper  plate  having  dimensions  2L  x  L  is  heated 
from  Tx  to  T{1 

(a)  1%  (b)  2% 

(c)  3%  (d)  4% 

7.  The  coefficient  of  expansion  of  a  crystal  in  one 
direction  (x-axis)  is  2.0  x  1 0  6  K  1  and  that  in  the 
other  two  perpendicular  (y- and  z-axes)  directions 
is  1.6  X  10~6  K_1.  What  is  the  coefficient  of  cubical 
expansion  of  the  crystal? 

(a)  1.6  x  lO^6  KT1  (b)  1.8  x  lO^6  KT1 

(c)  2.0  x  lO^6  KT1  (d)  5.2  x  lO^6  KT1 

8.  A  metal  ball  immersed  in  alcohol  weighs  Wx  at 
0°C  and  W2  at  59°C.  The  coefficient  of  cubical 
expansion  of  metal  is  less  than  that  of  alcohol.  If 
the  density  of  the  metal  is  large  compared  to  that 
of  alcohol,  then 

(a)  W ,  >  W2  (b)  W ,  =  W2 

w 

(c)  W ,  <  W2  (d)  W2  = 

<  IIT,  1980 

9.  A  rod  of  length  20  cm  made  of  a  metal  A  expands 
by  0.075  cm  when  its  temperature  is  raised  from 
0°C  to  100°C.  Another  rod  of  a  different  metal  B 
having  the  same  length  expands  by  0.045  cm  for 
the  same  change  in  temperature.  A  third  rod  of  the 
same  length  is  composed  of  two  parts,  one  of  metal 
A  and  the  other  of  metal  B.  This  rod  expands  by 
0.060  cm  for  the  same  change  in  temperature.  The 
portion  made  of  metal  A  has  length 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


(a) 


(c) 


\  +  y2at 

U  +  7iA  T) 

1-72AT 
1+y,  A  T 


(b) 

(d) 
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(a)  20  cm  (b)  10  cm 

(c)  15  cm  (d)  1 8  cm 

10.  A  metallic  circular  disc  having  a  circular  hole  at 
its  centre  rotates  about  an  axis  passing  through  its 
centre  and  perpendicular  to  its  plane.  When  the  disc 
is  heated,  its 

(a)  moment  of  inertia  increases  but  angular  speed 
decreases 

(b)  moment  of  inertia  decreases  but  angular  speed 
increases 

(c)  moment  of  inertia  and  angular  speed  both 
increase 

(d)  moment  of  inertia  and  angular  speed  both 
decrease. 

11.  A  uniform  metal  rod  of  length  L  and  mass  M  is 
rotating  with  angular  speed  co  about  an  axis  passing 
through  one  of  the  ends  and  perpendicular  to  the 
rod.  If  the  temperature  increases  by  t  °C,  then  the 
change  in  its  angular  speed  is  proportional  to 

(a)  V®  (b)  co 

(c)  or  (d)  - 

CO 

12.  A  steel  metre  scale  is  to  be  ruled  so  that  the  mil¬ 
limetre  intervals  are  accurate  to  about  5  x  1  ()  m  at 
a  certain  temperature.  The  maximum  temperature 
variation  allowed  during  ruling  is  (the  coefficient 
of  linear  expansion  of  steel  =  10  x  1(T6  KT1) 

(a)  2  °C  (b)  5  °C 

(c)  7  °C  (d)  10  °C 

13.  When  the  temperature  of  a  rod  increases  from  t  to 
t  +  At,  the  moment  of  inertia  of  the  rod  increases 
from  I  to  I  +  AI.  If  the  coefficient  of  linear  expan¬ 
sion  of  the  rod  is  a,  the  ratio  —  is 


(c)  a  A  t 


(b) 


2  At 
t 


(d)  2  a  At 


14.  Two  spheres  made  of  the  same  material  have  the 
same  diameter.  One  sphere  is  hollow  and  the  other 
is  solid.  If  they  are  heated  through  the  same  range 
of  temperature, 

(a)  the  hollow  sphere  will  expand  more  than  the 
solid  sphere 

(b)  the  solid  sphere  will  expand  more  than  the 
hollow  sphere 

(c)  both  spheres  will  expand  equally 

(d)  the  hollow  sphere  will  not  expand  at  all. 

15.  Two  rods  of  lengths  Lx  and  L2  are  welded  together 
to  make  a  composite  rod  of  length  (Lx  +  L2).  If  the 
coefficients  of  linear  expansion  of  the  rods  are  ax 


and  a2  respectively,  the  effective  coefficient  of  lin¬ 
ear  expansion  of  the  composite  rod  will  be 


(a) 

|  («i  +  «2) 

(b)  V«i«2 

(c) 

L\  a,  +  L2  a2 

'J L\ L2  axa2 

L\+L2 

Lx-\-L1 

16.  The  coefficient  of  linear  expansion  of  an  inhomoge¬ 
neous  rod  changes  linearly  from  ax  to  Ct2  from  one 
end  to  the  other  end  of  the  rod.  The  effective  coef¬ 
ficient  of  linear  expansion  of  the  rod  is 


(a)  (a,  +  a,) 


(b) 


1 

2 


(ax  +  ch) 


(c)  «2  (d)  («i  -  a2) 

17.  Three  rods  of  the  same  length  are  arranged  to  fonn 
an  equilateral  triangle.  Two  rods  are  made  of  the 
same  material  of  coefficient  of  linear  expansion  ax 
and  the  third  rod  which  fonns  the  base  of  the  trian¬ 
gle  has  coefficient  of  expansion  a?.  The  altitude  of 
the  triangle  will  remain  the  same  at  all  temperatures 
if  the  axla2  is  nearly 

(a)  1  (b)  X- 

(c)  i  (d)  4 


18.  A  cylindrical  block  of  wood  floats  vertically  with 
80%  of  its  volume  immersed  in  a  liquid  at  0°C.  When 
the  temperature  of  the  liquid  is  raised  to  62.5°C,  the 
block  just  sinks  in  the  liquid.  The  coefficient  of  cubi¬ 
cal  expansion  of  liquid  is 

(a)  1  x  l(T3  KA1  (b)  2  x  l(T3  KA1 

(c)  3  x  i(T3  KA1  (d)  4  x  i(T3  KA1 

19.  When  a  block  of  iron  floats  in  mercury  at  0°C,  a 
fraction  kx  of  its  volume  is  submerged,  while  at  the 
temperature  60°C,  a  fraction  k2  is  seen  to  be  sub¬ 
merged.  If  the  coefficient  of  volume  expansion  of 
iron  is  yl  e  and  that  of  mercury  is  y  ,g,  then  the  ratio 
kx/k2  can  be  expressed  as 

(a)  (b) 

l  +  60/Hg  1  +  60yHg 


(c) 


1  +  607fc 

1  -  60yHg 


(d) 


1  +  6°yHg 

1  +  60yFe 


<  IIT,  2001 

20.  Two  rods,  one  made  of  aluminium  and  the  other 
made  of  steel,  having  initial  lengths  lx  and  l2 
respectively  are  connected  together  to  form  a  single 
rod  of  length  ( lx  +  l2).  The  coefficients  of  linear 
expansion  for  aluminium  and  steel  are  ax  and  a2 
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respectively.  If  the  length  of  each  rod  increases  by 
the  same  amount  when  their  temperature  is  raised 
by  t°C,  then  the  ratio  lx/(lx  +  l2 ) 

(a)  aj/aj  (b)  a2/a, 

(c)  a2/(ax  +  a,)  (d)  a, /(a,  +  a,) 

<  IIT,  2003 

21.  The  coefficient  of  real  expansion  of  mercury  is 
1 8  x  1 0  5/°C.  A  thermometer  has  a  bulb  of  volume 
10~6  m3  and  the  cross-sectional  area  of  the  stem 
is  0.002  cm2.  The  bulb  is  completely  filled  with 
mercury  when  the  temperature  is  0°C.  When  the 
temperature  rises  to  100°C,  the  length  of  the  mer¬ 
cury  column  in  the  stem  will  be 

(a)  9  cm  (b)  18  cm 

(c)  9  mm  (d)  18  mm 

22.  The  coefficient  of  apparent  expansion  of  a  liquid 
when  determined  using  two  different  vessels  A  and 
B  are  yl  and  y2  respectively.  If  the  coefficient  of 
linear  expansion  of  vessel  A  is  a,  the  coefficient  of 
linear  expansion  of  vessel  B  is 


(a) 

aY\  Yi 

Yi  +  72 

(b) 

(c) 

7i  -  Yi  +  « 

3 

(d) 

71-72 
2  a 


7i  -72 
3 


+  a 


23.  A  flask  of  volume  V  contains  some  mercury.  It  is 
found  that  at  different  temperatures,  the  volume  of 
air  inside  the  flask  remains  the  same.  If  y  and  ym 
are  the  coefficients  of  cubical  expansion  of  glass 
and  mercury  respectively,  the  volume  of  mercury 
in  the  flask  is 


(a) 


(b) 


Ym  V 

yg 


(C) 


f  y  'N 

l-^- 

Ym) 


(d) 


'  y  ' 

j  _  1  >n 


V 


'g  J 


24.  A  steel  rod  and  a  copper  rod  have  lengths  Ls  and 
Lc  respectively  at  a  certain  temperature.  It  is  found 
that  the  difference  between  their  lengths  remains 
constants  at  all  temperatures.  If  as  and  ac  are  their 
respective  coefficients  of  linear  expansion,  the  ratio 
LJLC  is  given  by 


(a) 


f  a  ^ 

f  a  ) 

1  +  -^- 

(b) 

1  +  -^ 

V  «SJ 

(c)  ^ 


(d)  ^ 


25.  A  uniform  metallic  circular  disc,  mounted  on  fric¬ 
tionless  bearings,  is  rotating  at  an  angular  frequency 
CO  about  an  axis  passing  through  its  centre  and 


perpendicular  to  its  plane.  The  coefficient  of  linear 
expansion  of  the  metal  is  a.  If  the  temperature  of 
the  disc  is  increased  by  At,  the  angular  frequency  of 
rotation  of  the  disc  will 

(a)  remain  unchanged 

(b)  increase  by  acoAt 

(c)  increase  by  2  acoAt 

(d)  decrease  by  lacoAt 

26.  A  vertical  glass  tube,  closed  at  the  bottom,  contains 
a  mercury  column  of  length  L0  at  0°C.  If  y  is  the 
coefficient  of  cubical  expansion  of  mercury  a  the 
coefficient  of  linear  expansion  of  glass,  the  length 
of  the  mercury  column  when  the  temperature  rises 
to  fC  is  (assuming  that  t  not  more  than  100°C) 

(a)  L,  =  L0[\  +  (y-  3 d)t] 

(b)  L,  =  T0[l  +  (y  +  3  a)/] 

(c)  L,  =  £0[1  +  (y+  2a)/] 

(d)  Lt  =  L0[\  +  (y-  2a)/] 

27.  The  brass  scale  of  a  barometer  gives  correct  reading 
at  0°C.  The  coefficient  of  linear  expansion  of  brass 
is  20  x  10~6  per  °C.  The  barometer  reads  75  cm  at 
40°C.  The  atmospheric  pressure  at  40°C  is 

(a)  75  cm  of  Hg  (b)  74.94  cm  of  Hg 

(c)  75.06  cm  of  Hg  (d)  none  of  these 

28.  A  metal  cube  of  coefficient  of  linear  expansion  a 
is  floating  in  a  beaker  containing  a  liquid  of  coef¬ 
ficient  of  volume  expansion  y  When  the  tempera¬ 
ture  is  raised  by  AT,  the  depth  upto  which  the  cube 
is  submerged  in  the  liquid  remains  unchanged.  If 
the  expansion  of  the  beaker  is  ignored,  the  relation 
between  a  and  yis 

(a)  a  =  —  (b)  a  =  — 

3  2 

(c)  a  =  3  y  (d)  a  =  2  y 

<  IIT,  2004 

29.  A  copper  wire  of  length  L  and  cross-sectional  area 
A  is  held  at  the  ends  by  two  rigid  supports.  At  tem¬ 
perature  T  the  wire  is  just  taut  with  negligible  ten¬ 
sion.  If  the  temperature  reduces  to  (T  -  AT),  the 
speed  of  transverse  waves  in  the  wire  is  (here  Y  is 
Young’s  modulus,  p  density  and  a  coefficient  of 
linear  expansion  of  copper) 


'••■Ft 


(C) 


YLaAT 

Ap 


<d,  jam 

V  a 

<  IIT,  1979 
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30.  A  metal  ball  immersed  in  alcohol  weighs  Wx  at 
0°C  and  W2  at  59°C.  The  coefficient  of  cubical 
expansion  of  metal  is  less  than  that  of  alcohol.  If 
the  density  of  the  metal  is  large  compared  to  that 
of  alcohol,  then 


(a)  W ,  >  W2 
(c)  W ,  <  W2 


(b)  Wx  =  W2 


(d)  W2 


El 

2 

<  IIT,  1980 


ANSWERS 


1.  (c) 

2.  (c) 

3.  (b) 

4.  (d) 

5.  (a) 

6.  (b) 

7.  (d) 

8.  (b) 

9.  (b) 

10.  (a) 

11.  (b) 

12.  (b) 

13.  (d) 

14.  (c) 

15.  (c) 

16.  (b) 

17.  (c) 

18.  (d) 

19.  (a) 

20.  (c) 

21.  (a) 

22.  (d) 

23.  (a) 

24.  (d) 

25.  (d) 

26.  (d) 

27.  (c) 

28.  (b) 

29.  (a) 

30.  (b) 

SOLUTIONS 


1.  On  heating,  the  diameter,  surface  area  and  vol¬ 
ume  of  the  sphere  will  all  increase.  Since  the  mass 
remains  unchanged,  the  density  decreases.  The 
percentage  increase  in  the  volume  is  the  largest  be¬ 
cause  the  coefficient  of  volume  expansion  is  greater 
than  the  coefficients  of  area  expansion  and  linear 
expansion.  Hence  the  correct  choice  is  (c). 

2.  The  length  of  1  cm  division  of  the  steel  scale  at 
21°C  is 

(1  cm)  x  [1  +  as(21  -  20)]  =  (1  +  ocs)  cm 
Length  of  copper  rod  at  21°C  will  be 

( L  cm)  x  [1  +  ac  (21  -  20)]  =  L  (1  +  ac)  cm 

.'.  Scale  reading  at  21°C  =  ^  +  ac) 

('+«,) 

Hence  the  correct  choice  is  (a). 

3.  The  increase  in  length  due  to  heating  is  independent 
of  the  radius  of  the  rod.  The  increase  in  the  length 
of  rod  A  is 

A  /  =  alAt 

and  of  rod  B  is  A  l'  =  a  l' At  =  lalAt  (v  /'  =  21) 
A  l  _  1 
A/7  ~~  2 

Hence  the  correct  choice  is  (b). 

4.  If  a  rod  of  length  L  and  coefficient  of  thermal 
expansion  a  is  heated  to  a  temperature  t,  the  in¬ 
crease  in  the  length  is  given  by 

l  =  a  Lt 

o  •  / 

Strain  =  —  =  a  t 
L 

and  stress  =  Y  x  strain  =  Y  a  t 

Since  the  value  of  t  is  the  same  for  the  two  rods, 
the  stresses  in  them  will  be  equal  if 


Yx  ax  t  =  Y2  a2  t  or 


1 

y2 


«2 

ax 


Hence  the  correct  choice  is  (d). 

5.  The  correct  choice  is  (a).  It  follows  from  the  fact 
that  the  volumes  of  metal  and  mercury  increase  to 
V0  (1  +/]  AT)  and  V0  (1  +  y2  AT)  respectively;  V0 
being  the  initial  volume. 

6.  Length  of  wire  at  temperature  T2  is 


Lt=L 


2  L 


2 

t 


Now  2 L2t  =  area  of  the  plate  at  temperature  T2 
and  2 L2  =  area  of  the  plate  at  temperature  Tx. 
Therefore, 


A,  =  A 


=  A 


102  A 
100 


Thus  the  area  increases  by  2%,  which  is  choice  (b). 

7.  Coefficient  of  cubical  expansion  is 

y  =  ax+  ay+  a:=  ax  +  2  ay 

(•••  a,  =  «z) 

=  2.0  x  10~6  +  2  x  1.6  x  10~6 
=  5.2  x  10~6  KT1 
Hence  the  correct  choice  is  (d). 

8.  Let  V0  be  the  volume  of  the  metal  at  0°C  and  Vt  its 
volume  at  t° C.  At  temperature  t  the  upthrust  is 

ut  =  Vtptg 

where  p,  is  the  density  of  alcohol  at  temperature  t. 
Now 
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V,=  vo  (1  +  70 

where  /is  the  coefficeint  of  cubical  expansion  of 
alcohol  and  V0  is  the  volume  of  alcohol  displaced 
at  temperature  t  =  0°C.  Now  the  density  of  alcohol 
at  temperature  t  is 


where  p0  is  the  density  of  alcohol  at  t  =  0°C. 
Hence 

u'  -  F» (1  +  x  (iTTo 

=  V0  p0g=  U0 

where  U0  is  the  upthrust  at  0°C.  Since  the  upthrust 
is  independent  of  temperature,  Wx  =  W2.  Hence  the 
correct  choice  is  (b). 

9.  Here 


(A/)1  =  L  ax  At 
(At)2  =  L  Ob  At 

(A l)3  =  x  ax  At  +  (L  -  x)  a2  At 

where  x  is  the  length  of  metal  A  and  ( L  -  x )  that 
of  metal  B  in  rod  C.  Now  (Al)x  =  0.075  cm,  (A I)2 
=  0.045  cm  and  (A /)3  =  0.060  cm.  Notice  that 

(A/)3  =  —  [(A/)j  +  (A l)2].  This  is  possible  only  if  x 

L  20  cm 

=  —  = -  =  10  cm.  Hence  the  correct  choice 

2  2 


is  (b). 

10.  Due  to  thermal  expansion,  the  diameter  of  the  disc 
as  well  as  that  of  the  hole  will  increase.  Therefore, 
the  moment  of  inertia  will  increase  resulting  in  a 
decrease  in  the  angular  speed.  Hence  the  correct 
choice  is  (a). 

11.  At  t  °C,  the  length  of  the  rod  becomes  L'=  L  (1  + 
at),  where  a  is  the  coefficeint  of  linear  expansion. 
From  the  law  of  conservation  of  angular  momen¬ 
tum,  we  have 

Ico  =  I' co' 


or  -ML2co  =  -ML'2co' 

3  3 

or  -1  -  f-tV - !_ 

CO  \L  )  (1  +  at)2 

Now,  for  a  given  value  of  t,  (1  +  aty 1  is 
constant,  say  k. 

co 


co 


or  co'  -  co  =  (k  -  1 )  co 

i.e.  (co' -  co)  co.  Hence  the  corect  choice  is  (b). 

12.  The  maximum  temperature  variation  AT  allowed  is 
given  by  A L  =  L  a  AT,  which  gives 

AT  =  —  =  5X10 — -  =  5°C 

La  lxlOxlO-6 

Hence  the  correct  choice  is  (b). 

13.  The  moment  of  inertia  of  a  rod  of  mass  M  and 
length  L  is  given  by 


1=  k  ML 2 


(1) 


where  k  =  —  if  the  axis  of  rotation  is  through  the 

12 

centre  and  k  =  ^  if  the  axis  of  rotation  is  through 

the  end  of  the  rod.  Partially  differentiating  (1),  we 
have 

AI  =  2k  ML  AL 


Now  AL  =  La  At.  Therefore, 

AI  =  2k  ML  x  La  At 

=  2  (kML2)  x  aAt  =  llaAt 

or  =  2aAt,  which  is  choice  (d). 

14.  The  correct  choice  is  (c). 

15.  Total  length  of  the  composite  rod  at  0°C  is  L0  =  L x 
+  L2.  When  the  composite  rod  is  heated  to  f  C,  its 
length  at  f  C  will  be  L  =  Lx  ( 1  +  ax  t)  +  L2  ( 1  +  t) 
=  (Lx  +  L2)  +  Lx  ax  t  +  L2  a2  t,  or 

L  =  L0  +  (Lxax  +  L2cc2)t 

Effective  coefficient  of  expansion  of  the 
composite  rod  is 

L  Lq  Ly  ax  L2  a2 

L0t  A  +  L2 
which  is  choice  (c). 

16.  Consider  a  small  element  of  length  dx  at  a  dis¬ 
tance  x  from  one  end  of  the  rod.  Let  L  be  the  length 
of  the  rod.  Now  the  increase  in  the  coefficient 
of  linear  expansion  by  unit  length  of  the  rod  is 
(a2  -  ax)/L.  Therefore,  the  value  of  a  at  the 
element  located  at  x  is 


«,=  «!  + 


X 


.-.  Increase  in  the  length  of  the  element  =  ax  dx  At, 
where  AT  is  the  rise  in  temperature.  Therefore,  the 
increase  in  the  length  of  rod  is 
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AL  =  J  ax  dx  AT 
o 

L  r 

=  AT  J  |  a. 


=  AT 


OC^X  + 


otj  -  a i  -  ,  7 

+  ]  ~  — -  |x^<ix 


OJt  OJi  I  X 


=  AT 


axL  + 


*2  ^1 
L 

a2  - 


ax  +a2 


LAT  =  acff  LAT 


where  aeff  =  —  (ax  +  a2).  Hence  the  correct 
choice  is  (b). 

17.  Let  L  be  the  length  of  each  rod  at  0°C  and  h0  be  the 
altitude  AD  at  0°C.  Then  (Fig.  15.1), 

A 


'0 


(1) 


When  the  rods  are  heated  to  a  temperature  t,  the 
altitude  becomes 

-|l/2 

\2 


h  = 


L2  (1  +  axtf  -  ^j-  (1  +  a2  t)z 


Since  «,  and  a2  are  much  less  than  unity,  we 
can  write  ( 1  +  ax  t)2  —  1  +  2cq  t  and  ( 1  +  a?  02  — 
1  +  2  a2t.  Thus 


If 


il/2 


L  (1  +  2 axt)  -  —  (1  +  2 a2t) 


h  = 

Equating  (1)  and  (2),  we  get 


(2) 


(t2  l2^ 

1/2  r 

L - 

= 

l  42 

Lf 


if  (1  +  2 axt) - (1  +  2 a2t) 


1/2 


oc  1 

which  simplifies  to  give  —  =  — ,  which  is  choice  (c). 


a2  4 


18.  Weight  of  cylinder  =  weight  of  the  liquid  displaced, 
i.e. 

Ahpb  =  A  x  (0.8  h)  X  p0 
_  Pb  _  ^Pb 


or 


Po 


(1) 


0.8  4 

Here  p0  is  the  density  of  the  liquid  at  0°C.  For  the 
block  to  sink  in  the  liquid  at  PC,  the  density  of  the 
liquid  must  change  from  p0  to  p  at  PC.  Now 

.  _  Po 


,  ,  (2) 

1  +  jt 

For  the  block  to  sink  p  =  ph.  Using  (1)  and  (2),  we 
have 


Pb 


=  W 4 

1  +  yt 


or 


1  +  yt  =  — 
'  4 


Given  t  =  62.5°C.  Using  this  value,  we  get 
y  =  4  x  10~3  (°C)_1  or  K-1,  which  is  choice  (d). 

19.  Let  V0  be  the  total  volume  of  the  block  of  iron  at 
0°C  and  V  its  total  volume  at  60°C.  Then 


V=V0(l  +  60  yFe) 


(1) 


Let  v(j  be  the  volume  of  the  block  submerged  in 
mercury  at  0°C  and  v  the  volume  submerged  at 
60°C.  Then 

v  =  v0  (1  +  60  yHg)  (2) 


Dividing  ( 1)  by  (2),  we  have 
V/v  l  +  60yFe 


VJvG  1  +  60yHg 


(3) 


t/0  v 

Given  —  =  k,  and  —  =  k2.  Using  these  in  (3),  we 
V0  V 

find  that  the  correct  choice  is  (a). 

20.  The  length  of  each  rod  increases  by  the  same 
amount  if  /,  a,  =  l2  a2  or 

_  OC] i_ 

h  a2 

l2  ,  CCi 
or  —  +  1  =  — -  +  1 

/ 1  Ol  o 


or 


or 


/j  1 1  Ofj  +  CC*, 


U 


1  _ 


a o 


ao 


/,  +l2  ax+  a2 


,  which  is  choice  (c). 
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21.  Increase  in  volume  of  mercury  when  the  tempera¬ 
ture  increases  by  100°C  is 

v=  y.  V  AT  =  (18  x  1(T5)  x  (1(T6)  x  100 
=  18  x  1(T9  m3 
v 

Now  v  =  Ah  or  h  =  — 

A 


If  the  disc  is  heated,  it  expands.  Hence  R  increases. 
The  resulting  increase  in  /  is  obtained  by  partially 
differentiating  ( 1 ). 


A /=  -  xMx2RAR 
2 

or  A/  =  MRAR 


(v  M=  constant) 


(18  x  10~9  m3) 
(0.002x10“  4  m2) 
Hence  the  correct  choice  is 


=  0.09  m  =  9  cm 
(a). 


22.  Coefficient  of  real  expansion  of  a  liquid  =  coef¬ 
ficient  of  apparent  expansion  of  the  liquid  +  coef¬ 
ficient  of  volume  (cubical)  expansion  of  the  vessel, 
i.e. 

Yr  =  Ya  +  Yv  =  Ya+  (V  Yv  =  3  Op) 

For  vessel  A:  Y,-  =  Y\  +  3cq  =  yx  +  3a  (v  «,  = 
a ;  given) 


For  vessel  B:  y.  =  y2  +  3a2 

Since  the  liquid  is  the  same,  yr  is  the  same. 
Hence 


7i  +  3a  =  72  + 

7 ,  -  y? 

which  gives  a2  =  — - —  +  a,  which  is  choice  (d). 

23.  Let  x  be  the  volume  of  mercury  in  the  flask.  Since 
the  volume  of  air  in  the  flask  remains  constant, 
the  volume  expansion  of  the  flask  must  be  exactly 
equal  to  the  expansion  of  mercury  in  the  flask. 


or 


Vyg  At=xym  At 


X  = 


VJU 

Ym 


,  which  is  choice  (a). 


24.  When  the  rods  are  heated  by  At  °C,  the  increase  in 
length  of  steel  rod  and  copper  rod  are 

AL=LsasAt 
A Lc  =  Lc  a,  At 

The  difference  between  their  lengths  will  remain 
constant  at  all  temperatures  if  A Ls  =  A Lc,  i.e.  if 

Ls  as  At  =  Lc  ac  At 


Hence  the  correct  choice  is  (d). 

25.  The  moment  of  inertia  of  the  disc  about  the  given 
axis  of  rotation  is 

I=-MR2  (1) 

2 

where  Mis  the  mass  of  the  disc  and  R  its  radius. 


But  A  R  =  RaAt.  Therefore, 

AI  =  MR2aAt  (2) 

Now,  the  angular  momentum  of  the  disc  is  given 
by 


J  =  Ico  (3) 

Since  no  external  torque  acts,  J  remains  constant. 
Partially  differentiating  (3),  we  have 

IAco  +  coAI  =  0 

.  coAI  ... 

or  A  co  = -  (4) 

/ 

Using  (1)  and  (2)  in  (4)  we  get 
Aco  =  -2  a  co  At 


The  negative  sign  indicates  that  the  angular  frequency 
decreases  due  to  increase  in  temperature.  Hence  the 
correct  choice  is  (d). 

26.  If  V0  is  the  volume  of  mercury  at  0°C  and 
A0  the  cross-sectional  area  of  the  tube  at  0°C,  then 
the  length  of  the  mercury  column  at  0°C  is 

V*  (D 

A> 

The  cross-sectional  area  at  t°C  is  given  by 
At  =  A o  (1  +  fit) 

where  /j  is  the  coefficient  of  superficial  expansion 
of  glass.  Since  ft  =  2a,  we  have 
At  =  A0  (1  +  2  at) 

If  Vt  is  the  volume  of  mercury  at  t° C,  the  length  of 
the  mercury  column  at  t°C  is 

l  =  Yl=  Fo(1  +  rO 

'  A1  Af)  (1  +  2 at) 

Using  (1)  we  have 

Lt  =  L0  (1  +  yt)  (1  +  2  atyx 

Since  t  is  not  too  high  (~  100°C)  and  y and  a  are  of 
the  order  of  1 0  5,  yt  and  at  will  be  very  small  com¬ 
pared  to  unity.  Hence  we  can  expand  (1  +  2  aty1 
binomially  and  retain  terms  upto  order  at.  Thus 

(1+2  aty 1  =  (1  -  2  at) 

L,  ='  L()  (1  +  yt)  (1-2  at) 
or  Lt  =  L0  [1  +  (y-2a)  t \ 
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where  we  have  neglected  term  of  ayt2  which  is  neg¬ 
ligibly  small.  Thus  the  correct  choice  is  (d). 

27.  Due  to  rise  in  temperature,  the  brass  scale  expands. 
It  will  give  lower  readings  because  the  graduations 
on  the  scale  will  be  farther  apart.  If  H  is  the  baro¬ 
metric  height  at  0°C,  the  error  in  the  reading  of  the 
scale  at  40°C  is 

AH=  Ha  At  =  75  x  20  x  1CT6  x  40 
=  0.06  cm 

.-.  Atmospheric  pressure  at  27°C  =  H  +  A H=  75  + 
0.06  =  75.06  cm  of  Hg. 

Thus  the  correct  choice  is  (c). 

28.  Let  the  initial  temperature  be  T  and  let  M  be  the 
mass  of  the  cube.  Let  A0,  p0  and  d0  respectively  be 
the  base  area  of  the  cube,  the  density  of  the  mate¬ 
rial  of  the  cube  and  the  depth  upto  which  it  is  sub¬ 
merged  in  the  liquid,  the  upthrust  =  A0d0p0g.  From 
the  principle  of  floatation,  weight  =  upthrust,  i.e. 

Mg  =  Aq  d0p0g 

or  M=  A0d0p0  (1) 


When  the  temperature  is  raised  to  (T  +  AT),  let  A, 
p  and  d  be  the  base  area,  density  and  depth  at  this 
temperature.  Now,  the  coefficient  of  superficial 
(area)  expansion  is  /3  =  2  a. 

Hence 


Also 


A  =  4,(1  +  P  AT) 

=  A0  (1  +  2  a  AT) 


(1  +  7  AT) 


(2) 

(3) 


The  upthrust  at  temperature  (T  +  D7)  =  Adpg.  From 
the  principle  of  floatation  we  have 
Mg  =  Adpg 

or  M=  Adp  (4) 


From  (1)  and  (4),  we  get 


Using  (2)  and  (3)  we  have 


An  (1  +2  a  AT)  x  - — -  =  A(tp() 

0  (1  +  7  AT) 

which  gives  2 a=  y.  Thus  the  correct  choice  is  (b). 
29.  A L  =  L  a  AT.  Since  the  wire  is  free  to  contract,  the 
tension  F  must  increase  to  produce  the  same  change 
in  length.  Now 

Y=n± 

A  LI  L 

=>  F  =  AY  —  =  AY  a  AT 

L 


Speed  of  transverse  waves  in  the  wire  is 


v  = 


p  =  mass  per  unit  length 
=  p  AL/L  =  pA 


rv  _  lAYaAT  _  lYccAT 

“  \Ja  ~  V  p 

30.  Let  V0  be  the  volume  of  the  metal  at  0°C  and  Vt  its 
volume  at  f  C.  At  temperature  ?  the  upthrust  is 

Ut=VtPtg 

where  p,  is  the  density  of  alcohol  at  temperature  ?. 
Now 

V,  =  V0(l  +  yt) 

where  7  is  the  coefficeint  of  cubical  expansion  of 
alcohol  and  V0  is  the  volume  of  alcohol  displaced 
at  temperature  t  =  0°C.  Now  the  density  of  alcohol 
at  temperature  t  is 


Po 


P>  1  +  7? 

where  p0  is  the  density  of  alcohol  at  t  =  0°C.  Hence 

P08 


U,  -  V0  (1  +  yt)  x 


(1  +  7?) 


or 


Adp  A0d0p0 
Ap  =  A0p0 


(v  d 


d0;  given) 


=  Fo  Po  g  =  uo 

where  U0  is  the  upthrust  at  0°C.  Since  the  upthrust 
is  independent  of  temperature,  Wl  =  W2. 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Choose  the  wrong  statements  from  the  following. 
A  metallic  circular  disc  having  a  circular  hole  at 
its  centre  rotates  about  an  axis  passing  through  its 
centre  and  perpendicular  to  its  plane.  When  the  disc 
is  heated. 


(a)  its  speed  will  decrease 

(b)  its  diameter  will  decrease 

(c)  its  moment  of  inertia  will  increase 

(d)  its  speed  will  increase 
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2.  Choose  the  wrong  statements  from  the  following. 
Two  spheres  made  of  the  same  material  have  the 
same  diameter.  One  sphere  is  hollow  and  the  other 
is  solid.  If  they  are  heated  through  the  same  range 
of  temperature, 

(a)  the  hollow  sphere  will  expand  more  than  the 
solid  sphere 

(b)  the  solid  sphere  will  expand  more  than  the 
hollow  sphere 

(c)  both  spheres  will  expand  equally 

(d)  the  hollow  sphere  will  not  expand  at  all. 

3.  Two  rods  A  and  B  of  different  metals  have  lengths 
La  and  Lb  at  a  certain  temperature.  It  is  observed 
that  rod  A  is  5  cm  longer  than  rod  B  at  all  tempera¬ 
tures.  If  aA  =  1.0  x  1(T5  per  °C  and  aB  =  1.5  x  1(T5 
per  °C,  then 

(a)  La=  10  cm  (b)  LA=  15  cm 

(c)  Lb  =  10  cm  (d)  Lb  =  5  cm 


5. 


6. 


4.  A  uniform  metallic  circular  disc  of  mass  M  and  ra¬ 
dius  R,  mounted  on  frictionless  bearings,  is  rotating 
an  angular  frequency  ft)  about  an  axis  passing  thro¬ 
ugh  its  centre  and  perpendicular  to  its  plane.  The 
temperature  of  the  disc  is  then  increased  by  At.  If  a 
is  the  coefficient  of  linear  expansion  of  the  metal, 

(a)  the  moment  of  inertia  increases  by  MRraAt. 

(b)  the  moment  of  inertia  remains  unchanged. 


(c)  the  angular  frequency  increases  by  2acoAt. 

(d)  the  angular  frequency  decreases  by  lacoAt. 


A  clock  with  a  metallic  pendulum  gains  6  seconds 
each  day  when  the  temperature  is  20°C  and  loses 
12  seconds  when  the  temperature  is  40°C.  Then 

(a)  the  clock  will  keep  correct  time  at  tempera¬ 
ture  —  °C 
3 


(b)  the  clock  will  keep  correct  time  at  tempera- 
100 
T 


ture 


°C. 


(c)  the  coefficient  of  linear  expansion  of  metal 
is  1.2  x  10  5  per  °C. 

(d)  the  coefficient  of  linear  expansion  of  metal 
is  2.1  X  10  5  per  °C. 

A  bimetallic  strip  is  formed  out  of  two  identical 
strips  one  of  copper  and  the  other  of  brass.  The 
coefficients  of  linear  expansion  of  the  two  metals 
are  ac  and  aB.  When  the  temperature  of  the  strip  is 
increased  by  AT,  it  bends  to  form  an  arc  of  radius 
of  curvature  R.  Then  R  is 

(a)  proportional  to  AT 

(b)  inversely  proportional  to  AT 

(c)  proportional  to  ( ac  -  aB) 

(d)  inversely  proportional  to  (ac  -  aB). 

<  IIT,  1999 


ANSWERS  AND  SOLUTIONS 

1.  Due  to  thermal  expansion,  the  diameter  of  the  disc 
as  well  as  that  of  the  hole  will  increase.  Therefore, 
the  moment  of  inertia  will  increase  resulting  in  an 
increase  in  the  angular  speed.  Hence  the  correct 
choices  are  (a)  and  (c). 

2.  Statements  (a),  (b)  and  (d)  are  wrong. 

3.  When  the  rods  are  heated  by  At  °C,  the  increase  in 
the  length  of  the  rods  is 

A La  =  La  aA  At 

and  ALb  =  LB  aB  At 

(La  -  Lb )  will  remain  the  same  for  all  t,  if 

A La  =  A Lb,  i.e. 

LA  aA  At  =  Lb  aB  At 

La  aA  1.5x10  , 

Lb  aB  1.0x10 
=>  La=  1.5  Lb.  Also  (La-Lb)  =  5  cm.  Thus 

1 .5  Lb  -  Lb  =  5  cm  =>  Lb  =  10  cm,  and  LA  =  15  cm. 
The  correct  choices  are  (b)  and  (c). 


4.  The  moment  of  inertia  of  the  disc  about  the  given 
axis  of  rotation  is 

I  =  -  MR 2  (1) 

2 

If  the  disc  is  heated,  it  expands.  Hence  R  increases. 
The  resulting  increase  in  /  is  obtained  by  partially 
differentiating  (1). 

A/=  —  X  Mx2  RAR  (v  M=  constant) 

or  A/  =  MRAR 

But  A  R  =  RaAt.  Therefore, 

A/  =  MR2  a  At,  which  is  choice  (a)  (2) 

Now,  the  angular  momentum  of  the  disc  is  given 
by 

L=Ico  (3) 

Since  no  external  torque  acts,  L  remains  constant. 
Partially  differentiating  (3),  we  have 

7A<y  +  coAI  =  0 
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a  ft)  A/ 

or  A  ft)  = - 

/ 

Using  (1)  and  (2)  in  (4)  we  get 
A  ft)  =  -2  acoA/ 


(4) 


At  20°C,  the  gain  in  time  is 

6  =  |  x  ax  (I- 20)  x  86400  (3) 

At  40°C,  the  loss  in  time  is 


The  negative  sign  indicates  that  the  angular  frequency 
decreases  due  to  increase  in  temperature.  Thus  the 
correct  choices  are  (a)  and  (d). 


5.  Time  taken  for  one  oscillation  of  the  pendulum  is 


T=  2n  p 

\g 

or  T2  =  4tc  x  — 

(1) 

g 

Partially  differentiating,  we  get 

2TAT  =  4tt  — 

(2) 

g 

Dividing  (2)  by  ( 1 ),  we  get 


AT  A L  aLAt  1 

—  =  —  = -  =  -  aAt 

T  2L  2L  2 


( A L  =  aLAt ) 


6. 


where  At  is  the  change  in  temperature.  Now,  one 
day  =  24  hours  =  86400  s.  Therefore,  gain  or  loss 
of  time  in  one  day  is 

AT  =  —  aAt  x  86400  seconds 
2 

Let  t  be  the  temperature  at  which  the  clock  keeps 
correct  time. 


12  =  |  x  a  x  (40  -  t)  x  86400  (4) 

Dividing  (4)  by  (3),  we  have 
12  =  40  -t 
~6  ~  t- 20 


which  gives  t  = 
we  have 


80 

3 


°C.  Using  this  value  in  Eq.  (3), 


6=  ^  x  a  x  (y“20J  x  86400 

which  gives  a  =  2.1  x  10~5per  °C. 

Thus  the  correct  choices  are  (a)  and  (d). 

Lc  =  L0  ( 1  +  ac  AT)  and  LB  =  L0  (1  +  aB  AT) 

Lc  -  Lb  =  L0  (ac  -  aB)  AT. 

Initially  the  bimetallic  strip  is  straight,  i.e.  R  is 
infinity.  On  heating,  it  bends  and  the  value  of  R 
decreases.  The  amount  of  bending  is  proportional  to 
( ac  -  aB)  and  AT.  Greater  the  bending,  the  smaller 
is  the  value  of  R.  Hence  the  correct  choices  are  (b) 
and  (d). 


Multiple  Choice  Questions  Based  On  Passage 


Question  1  to  3  are  based  on  the  following  passage 
Passage  I 

20,000  J  of  heat  energy  is  supplied  to  a  metal  block  of 
mass  500  g  at  atmospheric  pressure.  The  initial  tempera¬ 
ture  of  the  block  is  30°C.  Given  specific  heat  of  metal  = 
400  J  kg-1  °C_1,  relative  density  of  metal  =  8.0,  coefficient 
of  volume  expansion  of  metal  =  8  x  10~5  °C_1  and  atmo¬ 
spheric  pressure  =  1 05  Pa. 

<  IIT,  2005 

1.  The  final  temperature  of  the  block  is 

SOLUTION 


1.  A  Q  =  ms  AT.  Therefore, 

_  A  Q  20, 000  J 

A  T=  —  =  - - - r 

ms  (0.5kg)  x  (400  Jkg“loC_1) 


100°C 


(a)  120°C  (b)  130°C 

(c)  140°C  (d)  150°C 

2.  Work  done  by  the  block  on  the  surroundings  is 

(a)  0.05  J  (b)  0.1  J 

(c)  1.0  J  (d)  10  J 

3.  The  change  in  internal  energy  is 

(a)  zero 

(b)  equal  to  20,000  J 

(c)  slightly  greater  than  zero 

(d)  slightly  less  than  20,000  J. 

.-.  Final  temperature  =  100  +  30  =  130°C,  which  is 
choice  (b). 

2.  Density  of  metal  (p)  =  8000  kg  m  \  Volume  of  the 
block  is 
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V=  —  °'5kg  1  Xl0-!m> 

=  -  x  1 0~6  m3 

P  8000  kg  m“3  16 

2 

.  r 

.■.  Increase  in  volume  =  AV=  yVAT 

Work  done  AW=PAV=  (105)  x 

=  (8  x  10~5)  x  (^xl0~3j  x  100 

=  0.05  J,  which  is  choice  (a). 

3.  Change  in  internal  energy  AU  =  Af 

=  20,000-0.05  =  19999.95  J 

Thus  the  correct  choice  is  (d). 

Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

A  rod  of  metal  X  of  length  50.0  cm  elongates  by  0.10  cm 
when  it  is  heated  from  0°C  to  1 00°C.  Another  rod  of  metal 
Y  of  length  80.0  cm  elongates  by  0.08  cm  for  the  same 
rise  in  temperature.  A  third  rod  of  length  50  cm,  made 
by  welding  pieces  of  rods  X  and  Y  placed  end  to  end, 
elongates  by  0.03  cm  when  its  temperature  is  raised  from 
0°C  to  50°C. 

4.  The  coefficients  of  linear  expansion  of  metal  X  and 
of  metal  Y  are  in  the  ratio  of 


(a)  2  :  1  (b)  3  :  2 

(c)  3  :  1  (d)  4  :  3 

5.  The  length  of  the  rod  of  metal  X  in  the  composite 
piece  is 

(a)  10  cm  (b)  20  cm 

(c)  30  cm  (d)  40  cm 

6.  The  length  of  the  rod  of  metal  Y  in  the  composite 
piece  is 

(a)  10  cm  (b)  20  cm 

(c)  30  cm  (d)  40  cm 


SOLUTION 


4. 


For  rod  A,  a...  = 


A L 
LM 


0.10 

50.0x100 


L'x  =  4  (1  +  x  50)  and  L'y  =  Ly{  1  +  ay  x  50). 
Therefore, 


=  2.0  xl0~6  per  °C. 

For  rod  7,  we  get  av  =  1.0  x  10~6  per  °C.  So  the 
correct  choice  is  (a). 

5.  In  the  composite  rod,  Lx  +  L  =  50.0  cm.  When  this 
rod  is  heated  by  50°C,  let  the  new  lengths  be  L'x  and 
L'  Given  L'  +  L'v  =  50.0  +  0.03  =  50.03  cm.  Here 

y  \  y 


50.03  =  Lx  +  Ly  +  (Lx  ax  +  Ly  av)  50 
=  50  +  (Lx  ax  +  Ly  Oy)  50 

Substituting  the  values  of  ax  and  ay  and  noting 
that  Lx  +  Ly  =  50  cm,  we  get  Lx=  10  cm,  which  is 
choice  (a). 

6.  Lv  =  50  -  Lx  =  50  -  10  =  40  cm,  which  is  choice  (d). 


© 

Integer  Answer  Type 


1.  A  composite  rod  is  made  by  joining  a  copper 
rod,  end  to  end,  with  a  second  rod  of  a  different 
material  but  of  the  same  cross-section.  At  25°C, 
the  composite  rod  is  1  m  in  length  of  which  the 
length  of  the  copper  rod  is  30  cm.  At  125°C  the 

SOLUTION 

1.  Length  of  the  second  rod  at  25°C  =  70  cm. 

Length  of  copper  rod  at  125°C 

=  30  x  (1  +  1.7  x  10-5  x  100) 

=  30.051  cm 

.•.  Increase  in  the  length  of  copper  rod  =  0.05 1  cm 


length  of  the  composite  rod  increases  by  1.91  mm. 
The  coefficient  of  linear  expansion  of  copper  is 
a  =  1 .7  X  10  5  per  °C  and  that  of  the  second  rod  is 
fi  =  nx  10  ^  per  °C.  Find  the  value  of  n. 

<  IIT,  1979 


Increase  in  the  length  of  second  rod  =  70  x  /3  x  100 
=  7000  /3  cm 

Total  increase  in  length  =  0.051  cm  +  7000  /3  cm 
=  0.191  cm  (given)  which  gives  /3  =  2  x  10~5  per  °C. 
Thus  the  value  of  n  =  2. 


16 
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REVIEW  OF  BASIC  CONCEPTS 

16.1  |  HEAT  ENERGY _ 

Heat  is  a  form  of  energy.  It  is,  therefore,  measured  in 
energy  units.  The  SI  unit  of  heat  is  joule  (J).  Another  unit 
commonly  used  is  the  calorie.  A  calorie  is  the  amount 
of  heat  required  to  raise  the  temperature  of  1  g  of  water 
through  1°C.  Experiments  have  shown  that  4.18  J  of 
mechanical  work  produce  one  calorie  of  heat. 

Thus 

1  calorie  =4.18  joules 

or  1  cal  =  4.18  J 

_  .  ,  work  done  .  .  „  T 

The  ratio  J  =  -  =  4.18  J  per  cal 

heat  produced 

is  called  the  mechanical  equivalent  of  heat. 

16.2  |  CALORIMETRY _ 

If  two  substances  having  different  temperatures  are 
brought  into  thermal  contact,  heat  energy  will  flow 
from  the  hotter  to  the  colder  substance.  The  flow  of  heat 
energy  will  continue  till  the  temperatures  are  equalized. 
The  common  temperature  at  thermal  equilibrium  is  called 
the  equilibrium  temperature.  If  no  heat  energy  is  allowed 
to  escape  to  the  surroundings,  the  amount  of  heat  energy 
gained  by  the  initially  colder  body  is  equal  to  the  amount 
of  heat  energy  lost  by  the  initially  hotter  body,  i.e. 

Heat  gained  by  one  body  =  heat  lost  by  the  other  body. 
This  is  the  basic  principle  of  calorimetry. 

The  heat  energy  Q  needed  to  raise  the  temperature 
through  AT  of  a  mass  m  of  a  substance  of  specific  heat 
capacity  5  is  given  by 

Q  =  ms  AT 


Specific  Heat  Capacity 

If  777  =  1  unit  and  A T=  1  unit,  then  .9  =  0.  Hence  the  specific 
heat  of  a  substance  is  the  amount  of  heat  required  to  raise 
the  temperature  of  a  unit  mass  of  the  substance  through  a 
unit  degree.  A  commonly  used  unit  of  s  is  cal  g-1  °C_1.  In 
the  SI  system  s  is  expressed  in  J  kg-1  K-1.  The  two  units 
are  related  as 

1  cal  g  1  “C”1  =  4.18  Jg-1  °C-‘ 

(y  1  cal  =  4.18  J) 

or  leal  g-1  °C~1  =  4180  J  kg-1  0O' 

Since  the  size  of  a  degree  on  the  Celsius  scale  is  equal 
to  that  on  the  kelvin  scale,  a  temperature  difference  of,  say, 
1  °C  is  equal  to  a  temperature  difference  of  1  K.  Thus 
1  cal  g-1  0C-‘  =  4180  J  kg-1  K1 
With  our  definition  of  a  calorie,  the  specific  heat 
capacity  of  water  =  1  cal  g-1  °C_1  or  4180  J  kg-1  K_1. 

Molar  Specific  Heat 

The  molar  specific  heat  C  of  a  substance  is  the  amount  of 
heat  energy  required  to  raise  the  temperature  of  1  mole  of 
the  substance  through  1  K.  It  is  expressed  in  J  mol1  K1. 
Specific  heat  (.sj  and  molar  specific  heat  (Q  are  related  as 
C 

s  =  — 

777 

where  m  is  the  number  of  kilograms  per  mole  in  the 
substance. 

The  molar  specific  heat  of  a  gas  at  constant  volume  (C)  is 
the  amount  of  heat  energy  required  to  raise  the  temperature 
of  1  mole  of  the  gas  through  1  K  when  its  volume  is  kept 
constant.  The  molar  specific  heat  of  a  gas  at  constant 
pressure  ( Cf  is  the  amount  of  heat  energy  required  to 
raise  the  temperature  of  1  mole  of  the  gas  through  1  K 
when  its  pressure  is  kept  constant. 
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The  two  specific  heats  of  an  ideal  gas  are  related  as 


C  -  C  =  R 

P  V 

where  R  is  the  universal  gas  constant  and  its  value  is 
R  =  8.315  J  mol1  K"1 


16.3  ;  LATENT  HEAT 


The  heat  energy  supplied  to  a  substance  to  change  from 
solid  to  liquid  state  or  from  liquid  to  gaseous  state  is  not 
registered  by  a  thermometer  as  the  heat  energy  is  used 
up  in  bringing  about  a  change  of  state.  Hence  it  is  called 
latent  (or  hidden)  heat.  A  substance  has  two  latent  heats. 

1.  The  latent  heat  of  fusion  (or  melting)  of  a  substance 
is  the  heat  energy  required  to  convert  a  unit  mass  of 
a  substance  from  the  solid  to  the  liquid  state,  without 
change  of  temperature.  The  latent  heat  of  fusion  of  ice  is 
3.36  x  10s  J  kg~‘  or  80  cal  g”1. 

2.  The  latent  heat  of  vaporisation  (or  boiling)  of  a 
substance  is  the  heat  energy  required  to  convert  a  unit 
mass  of  the  substance  from  the  liquid  to  the  gaseous 
state,  without  change  of  temperature.  The  latent  heat  of 
vaporisation  of  steam  is  2.26  X  106  J  kg1  or  540  cal  g”1. 


EXAMPLE  16.1 


I  A  12  kW  drilling  machine  is  used  to  drill  a  hole  in  a 
metal  block  of  mass  1 0  kg.  Assuming  that  25%  power 
is  lost  in  the  machine,  calculate  the  rise  in  tempera¬ 
ture  of  the  block  in  2  minutes.  Specific  heat  capacity 
of  metal  =  0.4  J  g”1  K_1. 


SOLUTION 


Useful  power  available  =  75%  of  12  kW=  —  xl2kW 
=  9  kW  =  9000  W  4 

Heat  energy  consumed  in  2  minutes  (=  120  s)  is 
Q  =  (9000  x  120)  J 

Now  s  =  0.4  J  g”1  K_1  =  0.4  x  103  J  kg-1  K_1 

Rise  in  temperature  is  AT  =  — 

ms 


9000x120 
10  x  (0.4  x  103) 


270°C 


EXAMPLE  16.2 


I  A  copper  block  of  mass  3.35  kg  is  heated  to 
500°C  and  then  placed  on  a  large  block  of  ice. 
What  is  the  maximum  mass  of  ice  that  can  melt? 
Specific  heat  capacity  of  copper  =  390  J  kg”1  K”1 
and  latent  heat  of  fusion  of  water  =  335  J  g_1. 


SOLUTION 


The  amount  of  heat  energy  in  copper  block  at  500°C 
is 

Q  =  ms  AT 

=  (3.35  x  390  x  500)  J 

Now  L  =  335  J  g”1  =  335  x  103  J  kg”1. 

The  maximum  mass  of  ice  that  can  melt  is 

Q  3.35  x390x500 

m  =  —  =  - - - 

L  335  xlO3 

=  1.95  kg 


EXAMPLE  16.3 


16  g  of  oxygen  is  heated  at  constant  volume  from 
25°C  to  35°C.  Find  the  amount  of  heat  energy  re¬ 
quired.  Given  C  =  20  J  mol”1  K”1. 


SOLUTION 


Mass  of  1  mole  of  oxygen  =  32  g 

Number  of  moles  in  16  g  of  oxygen  is 
=  16  =  1. 

H  32  2 

Heat  energy  required  is 

Q  =  n  C  AT 

=  i  x  20  x  (35  -  25)  =  100  J 


EXAMPLE  16.4 


290  J  of  heat  energy  is  required  to  raise  the  tempera¬ 
ture  of  7  g  of  nitrogen  by  40°C.  Find  molar  specific 
heat  of  nitrogen  at  constant  pressure. 


SOLUTION 


Number  of  moles 

Q  = 


in  7  g  of  oxygen  is  n 
n  C  AT 

p 


1_ 

28 


4 


C  = 

p 


Q 

nAT 


290 


-  x  40 
4 


=  29  J  mol”1  K”1 


EXAMPLE  16.5 


200  g  of  water  at  25°C  is  added  to  75  g  of  ice  at  0°C 
in  an  insulated  vessel.  What  is  the  final  temperature 
of  the  mixture? 
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SOLUTION 


■  Heat  energy  of  200  g  of  water  at  25°C  is 
Q]  =  msAT  =  200  x  1  x  25 
=  5000  cal 

Heat  energy  required  to  melt  75  g  of  ice  at  0°C  is 
Q1  =  mL  =  75  x  80  =  6000  cal 

Since  Qx  <  Qv  the  whole  of  ice  will  not  melt.  Hence, 
the  final  temperature  of  mixture  is  0°C. 


Q 


J  msdT  =  mk  j  T'  dT 

h  Tx 

-[7.4_ri4] 

~~“[(4)4  -(1)4] 
12.75  k  joule 


NOTES 


If  1  kg  of  ice  at  0°C  is  mixed  with  1  kg  of  steam  at  1 00°C, 
the  equilibrium  temperaUire  is  100°C,  0.665  kg  of  steam 
will  be  left  and  1.335  kg  of  water  will  be  formed. 

Water  of  mass  m  at  t° C  is  mixed  with  ice  of  mass  m  at 
0°C. 

Lfmj 

(a)  If  m  =  — - ,  whole  of  ice  will  melt  and  the  final 

w  t 

temperature  =  0°C. 

Lfmi 

(b)  If  m  <  - ,  the  whole  of  ice  will  not  melt,  final 

w  t 

temperature  =  0°C  and  mass  of  ice  melted  is 

YYi  f 

m' .  =  — —  .  Amount  of  ice  left  =  m  -  m  .. 

'  j  11 

Lfmi 

(c)  If  m  >  — - ,  the  whole  of  ice  will  melt  and  final 

V  7  W  t  ’ 

mJ-Lfm , 

temperature  =  - - —  >  0°C 

mw  +  mi 


EXAMPLE  16.6 


■  According  to  the  theory  of  specific  heat  of  solids  at 
very  low  temperatures  (close  to  absolute  zero),  the 
specific  heat  s  of  a  solid  varies  with  absolute  tem¬ 
perature  T  as 

^  =kV 

where  k  is  a  constant  whose  value  depends  upon  the 
material  of  the  solid.  Find  the  heat  energy  required 
to  raise  the  temperature  of  200  g  of  the  solid  from 
1  K  to  4  K. 


SOLUTION 


I  The  amount  of  heat  energy  required  to  raise  the  tem¬ 
perature  of  mass  m  of  the  solid  by  JTkelvin  is  given 

dO  =  msdT 


EXAMPLE  16.7 


Three  liquids  1,  2  and  3  of  masses  mx  =  m,  m,  =  2m 
and  7?73  =  3  777  are  at  temperatures  of  10°C,  18°C  and 
30°C.  When  liquids  1  and  2  are  mixed,  the  equilib¬ 
rium  temperature  is  16°C.  When  liquids  2  and  3  are 
mixed,  the  equilibrium  temperature  is  22°C.  Find  the 
equilibrium  temperature  when  liquids  1  and  3  are 
mixed.  Assume  that  there  is  no  loss  of  heat  to  the 
surroundings. 


SOLUTION 


Let  s  ,  ,S'2  and  s  be  the  specific  heat  capacities  of  liq¬ 
uids  1 ,  2  and  3  respectively. 

When  liquids  1  and  2  are  mixed, 

heat  gained  by  1  =  heat  lost  by  2 

=>  777^(16  -  10)  =  777,5,(18  —  16) 

=>  7775  j(6)  =  27775,(2) 


When  liquids  2  and  3  are  mixed 

heat  gained  by  2  =  heat  lost  by  (3) 
=>  2ms  122  -  18)  =  377753(30  -  22) 


Let  T  be  the  equilibrium  temperature.  When  liquids 
1  and  3  are  mixed. 

Heat  gained  by  1  =  heat  lost  by  3 
=>  msx{T  -  10)  =  3 77753(3 0  -  T)  (3) 

Using  (1)  and  (2)  in  (3),  we  have 

j  xs2(T-  10)  =  3x  !  (30-7) 


Heat  energy  required  to  raise  the  temperature  of  the 
solid  from  T{=  1  K  to  7)  =  4  K  is 
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1.  300  g  of  water  at  25°C  is  added  to  100  g  of  ice  at 
0°C.  The  final  temperature  of  the  mixture  is 

(a)  -  -  °C  (b)  -  -  °C 

3  2 

(c)  -  5  °C  (d)  0  °C 

<  IIT,  1989 

2.  100  g  of  ice  at  0°C  is  mixed  with  100  g  of  water 

80°C.  The  final  temperature  of  the  mixture  will  be 
(a)  0°C  (b)  20°C 

(c)  40°C  (d)  60°C 

3.  Steam  at  100°C  is  passed  into  1.1  kg  of  water  con¬ 
tained  in  a  calorimeter  of  water  equivalent  0.02  kg 
at  15°C  till  the  temperature  of  the  calorimeter  rises 
to  80°C.  The  mass  of  steam  condensed  in  kilogram 
is 

(a)  0.13  (b)  0.065 

(c)  0.260  (d)  0.135 

<  IIT,  1986 

4.  A  geyser,  operating  on  LPG  (liquified  petroleum 
gas)  heats  water  flowing  at  the  rate  of  3.0  litres  per 
minute,  from  27°C  to  77°C.  If  the  heat  of  combus¬ 
tion  of  LPG  is  4.0  X  104  J  g-1,  how  much  fuel  in 
grams  is  consumed  per  minute? 

(a)  15.25  (b)  15.5 

(c)  15.75  (d)  16 

5.  A  copper  block  of  mass  2  kg  is  heated  to  a  tempera¬ 
ture  of  500°C  and  then  placed  in  a  large  block  of 
ice  at  0°C.  What  is  the  maximum  amount  of  ice  that 
can  melt?  The  specific  heat  of  copper  is  400  J  kg  1 
°C_1  and  latent  heat  of  fusion  of  water  is  3.5  x  105 

J  kg  A 

<  IIT,  2005 

(a)  |  kg  (b)  |  kg 

(c)  |  kg  (d)  ykg 

6.  How  much  heat  energy  is  joules  must  be  supplied  to 
14  grams  of  nitrogen  at  room  temperature  to  raise 
its  temperature  by  40°C  at  constant  pressure.  Molar 
mass  of  nitrogen  =  28  and  R  J  K-1  mol-1  is  the  gas 
constant. 

(a)  50  R  (b)  60  R 

(c)  70  R  (d)  80  R 


7.  The  temperature  of  a  liquid  does  not  increase  dur¬ 
ing  boiling.  The  heat  energy  supplied  during  this 
process, 

(a)  increases  the  kinetic  energy  of  the  molecules 
of  the  liquid 

(b)  increases  the  potential  energy  of  the  mol¬ 
ecules 

(c)  increases  both  the  kinetic  and  potential 
energy  of  the  molecules 

(d)  is  merely  wasted  since  no  increase  occurs  in 
the  total  energy  of  the  molecules. 

8.  A  block  of  ice  at  -  10°C  is  slowly  heated  and  con¬ 
verted  to  steam  at  100°C.  Which  of  the  following 
curves  represents  the  phenomenon  qualitatively? 


Heat  supplied  Heat  supplied 

(a)  (b) 


Heat  supplied  Heat  supplied 

(c)  (d) 

Fig.  16.1 

<  IIT,  2000 

9.  2  kg  of  ice  at  -20°C  is  mixed  with  5  kg  of  water 
at  20°C  in  an  insulating  vessel  having  a  negligible 
heat  capacity.  Calculate  the  final  mass  of  water  in 
the  vessel.  It  is  given  that  the  specific  heats  of  water 
and  ice  are  1  kcal/kg/°C  and  0.5  kcal/kg/°C 
re-spectively  and  the  latent  heat  of  fusion  of  ice  is 
80  kcal/kg. 

(a)  7  kg  (b)  6  kg 

(c)  4  kg  (d)  2  kg 

<  IIT,  2003 

10.  A  metal  sphere  of  radius  r  and  specific  heat  S  is 
rotated  about  an  axis  passing  through  its  centre  at 
a  speed  of  n  rotations  per  second.  It  is  suddenly 
stopped  and  50%  of  its  energy  is  used  in  increasing 
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its  temperature.  Then  the  rise  in  temperature  of  the 
sphere  is: 


(a) 

O  2  2  2 

2  n  n  r 

(b) 

2  2 

n  n 

55 

10r25 

(c) 

Co 

lb 

6 

t~~  1  00 

(d) 

5  (nrn)2 
145 

11.  If  there  are  no  heat  losses,  the  heat  released  by  the 
condensation  of  x  grams  of  steam  at  1 00°C  into  water 
at  100°C  converts  y  grams  of  ice  at  0°C  into  water 
at  100°C.  The  ratio  y/x  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

12.  5  g  of  water  at  30°C  and  5  g  of  ice  at  -20°C  are 
mixed  together  in  a  calorimeter.  What  is  the  final 
temperature  of  the  mixture.  Given,  specific  heat  of 
ice  =  0.5  cal  g_1  (°C)_1  and  latent  heat  of  fusion  of  ice 
=  80  cal  g_1. 

(a)  -5°C  (b)  0°C 

(c)  +  5°C  (d)  +  10°C 

13.  A  metal  block  of  mass  10  kg  is  dragged  on  a  hori¬ 
zontal  rough  road  with  a  constant  speed  of  5  ms-1. 
If  the  coefficient  of  friction  between  the  block  and 
the  road  is  0.5,  the  rate  at  which  heat  is  generated  in 
(J  s~‘)  is 

(a)  100  (b)  245 

(c)  9.8  (d)  10 

14.  Liquid  oxygen  at  50  K  is  heated  to  300  K  at  constant 
pressure  of  1  atm.  The  rate  of  heating  is  constant. 
Which  of  the  following  graphs  represents  the  veri- 
ation  of  temperature  with  time?  (see  Fig.  16.2). 

<  IIT,  2004 

I 

Q. 

E 

Q) 


Time  — 
(a) 


(b) 


15.  A  1  kW  electric  kettle  contains  2  litre  water  at  27°C. 
The  kettle  is  operated  for  10  minutes.  If  heat  is  lost 
to  the  surroundings  at  a  constant  rate  of  1 60  J/sec, 
the  temperature  attained  by  water  in  10  minutes 
will  be  (specific  heat  of  water  =  4.2  kJ/kg°C) 

(a)  57°C  (b)  67°C 

(c)  77°C  (d)  87°C 

<  IIT,  2005 

16.  In  an  industrial  process  10  kg  of  water  per  hour  is 
to  be  heated  from  20°C  to  80°C.  To  do  this,  steam 
at  150°C  is  passed  from  a  boiler  into  a  copper  coil 
immersed  in  water.  The  steam  condenses  in  the  coil 
and  is  returned  to  the  boiler  as  water  at  90°C.  How 
many  kg  of  steam  are  required  per  hour?  Specific 
heat  of  steam  =  1  kilo  cal  kg-1  °C  ‘.  Latent  heat  of 
steam  =  540  kilo  cal  kgA 

(a)  1  kg  (b)  2  kg 

(c)  3  kg  (d)  4  kg 

17.  With  what  velocity  should  a  lead  bullet  at  an  initial 
temperature  of  30°C  strike  a  target  so  that  it  just 
melts?  Assume  that  84%  of  the  heat  produced  is 
absorbed  by  the  bullet.  Specific  of  lead  =  0.03  kilo 
cal  kg-1  (°C)~‘,  latent  heat  of  lead  =  6  kilo  cal  kg-1 
and  melting  point  of  lead  =  330°C. 

(1  kilo  calorie  =  4.2  x  103  joule) 

(a)  100V5  ms  1  (b)  100V2  ms  1 

(c)  100  VTO  ms-1  (d)  100V15  ms-1 

18.  According  to  the  theory  of  specific  heats  of  sol¬ 
ids  at  extremely  low  temperature  (close  to  abso¬ 
lute  zero),  the  specific  heat  s  of  a  solid  varies  with 
absolute  temperature  T  as 

s  =  cT3 

where  c  is  a  constant  depending  on  the  material 
of  the  solid.  The  heat  energy  required  to  raise  the 
temperature  of  0. 1  kg  of  the  solid  from  0  K  to  4  K 
is. 

(a)  4.2  c  joule  (b)  6.4  c  joule 

(c)  8.4  c  joule  (d)  12.6  c  joule 

19.  400  g  of  ice  at  253  K  is  mixed  with  0.05  kg  of  steam 
at  100°C.  Latent  heat  of  vaporisation  of  steam  = 
540  cal/g.  Latent  heat  of  fusion  of  ice  =  80  cal/g. 
Specific  heat  of  ice  =  0.5  cal/g  °C.  The  resultant 
temperature  of  the  mixture  is 

(a)  273  K  (b)  300  K 

(c)  330  K  (d)  373  K 

<  IIT,  2007 


Fig.  16.2 
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20.  Two  litres  of  water  (density  =  1  g/ml)  in  an  open- 
lid  insulated  kettle  is  heated  by  an  electric  heater 
of  power  1  kW.  The  heat  is  lost  from  the  lid  at  the 
rate  of  160  J/s.  The  time  taken  for  heating  water 


(specific  heat  capacity  4.2  kJ  kg^1  K  ')  from  20°C 
to  75°C  is 

(a)  340  s  (b)  550  s 

(c)  620  s  (d)  760  s 


■  IIT,  2005 


ANSWERS 


1.  (d) 

2.  (a) 

3.  (a) 

4.  (c) 

5.  (c) 

6.  (c) 

7.  (b) 

8.  (a) 

9.  (b) 

10.  (a) 

11.  (c) 

12.  (b) 

13.  (b) 

14.  (c) 

15.  (d) 

16.  (a) 

17.  (d) 

18.  (b) 

19.  (a)  20.  (b) 


SOLUTION 

1.  Let  the  temperature  of  the  mixture  be  t°C.  Heat  lost 
by  water  in  calories  =  300  x  1  x  (25  —  t)  =  7500  -  300 1 
Heat  in  calories  required  to  melt  100  g  of  ice 

=  100  X  80  =  8000 
Now  Heat  lost  =  heat  gained 

or  7500  -  300?  =  8000  or  t  =  -  -  °C 

3 

Since  t  is  negative,  the  water  at  25°C  cools  to  0°C 
and  melts  a  part  of  ice  at  0°C. 

Heat  lost  =  300  x  1  x  (25  -  0)  =  7500  cal. 
Hence  only  a  part  of  the  ice  melts  and  resulting 
temperature  is  0°C.  Hence  the  correct  choice  is 
(d). 

2.  The  amount  of  heat  required  to  convert  100  g  of  ice 
at  0°C  into  water  at  0°C  =  100  x  80  =  8000  calories. 
This  is  precisely  the  amount  of  heat  lost  by  100  g  of 
water  at  80°C  to  bring  its  temperature  down  to  0°C. 
Therefore,  the  temperature  of  the  mixture  remains 
0°C.  Hence  the  correct  choice  is  (a). 

3.  Let  the  mass  of  steam  condensed  be  m  kg.  The 
latent  of  vaporisation  of  water  =  556  k  cal/kg. 
Therefore,  heat  lost  by  steam  =  556  m  +  m  (100 
-  80)  =  576  m  kcal.  Heat  gained  by  calorimeter  and 
water  =  (1.1  +  0.02)  (80  -  15)  =  72.8  kcal.  Now, 
heat  lost  =  heat  gained,  i.e. 

576  m  =  72.8  or  m  =  0.13  kg 

4.  Volume  of  water  flowing  per  minute  =  3.0  litres 
min  1  =  3000  cm3  min1 

Density  of  water  =  1  g  cnr3. 

.'.  Mass  of  water  flowing  per  minute 

=  3000  g  min  1  =  3.0  kg  min-1 
Rise  in  temperature  =  77  -  27  =  50°C 
Specific  heat  of  water  =  4200  J  kg  1  “(T1 


.-.  Heat  energy  supplied  to  the  geyser  per  minute 
=  3.0  x4200  x50 
=  63  X  104  J  min  1 


Now,  heat  of  combustion  of  LPG 


=  4.0x  104Jg1  =  4.0x  107Jkg-> 
Amount  of  fuel  consumed  per  minute 
=  63xl04JmhU1 
4.0  xlO7  Jkg-1 
=  15.75  x  10~3  kg  min  1 
=  15.75  g  min  1 

5.  Heat  energy  in  copper  block  =  2  x  400  x  500  = 
4  x  1 05  J.  The  amount  of  ice  that  melts  will  be  maxi¬ 
mum  if  the  entire  heat  energy  of  the  copper  block 
is  used  up  in  melting  ice.  Now,  3.5  x  105  J  of  heat 
energy  is  needed  to  melt  1  kg  of  ice  into  water. 
Therefore,  the  amount  of  ice  melted  by  4  x  1 05  J  of 
heat  energy  is 

4  x  105J  =  8 

3.5  x  105Jkg_1  7  8 


Hence  the  correct  choice  is  (c). 

6.  Number  of  moles  in  14  grams  of  nitrogen  (n)  = 

14/28  =  .  Since  nitrogen  is  diatomic  Cp  =  7R/2. 

Therefore,  amount  of  heat  energy  supplied 
1  1 R 

=  n  x  C  x  A9  =  —  x  —  x  40  =  70 R  joules 
p  2  2 


Hence  the  correct  choice  (c) 

7.  The  correct  choice  is  (b). 

8.  When  heat  is  supplied,  firstly  the  temperature  of 
ice  increases  from  -  10°C  to  0°C.  At  0°C,  ice  starts 
melting  at  a  constant  temperature.  When  the  whole 
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of  ice  has  melted  into  water,  the  temperature  of 
water  will  increase  from  0°C  to  100°C.  At  100°C, 
again  the  temperature  becomes  constant  due  to 
the  conversion  of  liquid  water  into  water  vapour 
(steam)  at  100°C.  Hence  the  correct  graph  is  (a). 

9.  Let  m  kg  be  the  mass  of  ice  melted  into  water.  Heat 
lost  by  5  kg  of  water  =  5  kg  x  1  kcal/kg/°C  x  20°C 
=  100  kcal.  Heat  gained  =  m  kg  x  80  kcal/kg  +  2  kg 
x  0.5  kcal/kg/°C  x  20°C  =  80  m  kcal  +  20  kcal. 
Now,  heat  gained  =  heat  lost.  Therefore, 

80  m  +  20  =  100 

or  m  =  1  kg.  Therefore,  final  mass  of  water  =  5  kg 
+  1  kg  =  6  kg.  Hence  the  correct  choice  is  (b). 

2 

10.  Moment  ofinertia  of  the  sphere /=  —  Mr1.  Given  ft) 

=  n  rotations  per  second  =  2 nn  rad  s  ‘.  The  kinetic 
energy  is 

KE  =  —  led2  =  —  x  —  Mr1  x  (2 nn)2 
2  2  5 

=  —  M7fr2n2 
5 

Since  half  of  KE  is  converted  into  heat  energy,  we 
have 

dQ  =  -  x  KE  =  -  Mm  r2  n2 
2  5 

Now  =  MSdT  which  gives 

tjn  7  M n  r  n  2 n2  r2  n2 

dT  =  — —  =  - -  =  — — - 

MS  MS  5  S 

Hence  the  correct  choice  is  (a). 

11.  The  latent  heat  of  vaporisation  of  water  is  very 
nearly  540  calories  per  gram.  Therefore  heat  re¬ 
leased  in  the  condensation  of  x  gram  of  steam  = 
540  x  calories.  The  latent  heat  of  fusion  of  ice  is 
very  nearly  80  calories.  Therefore,  heat  required  to 
convert  y  gram  of  ice  at  0°C  to  water  at  100°C  = 
80  y  +  lOOy  =  1 80  y  calories.  Thus 

180  y  =  540  x 

or  y  =3 

x 

Hence  the  correct  choice  is  (c). 

12.  Let  us  first  calculate  the  heat  required  to  (i)  raise  the 
temperature  of  ice  from  -  20°C  to  0°C  and  (ii)  melt 
the  ice  at  0°C  into  water  at  0°C. 

Heat  required  for  step  (i)  =  5  x  0.5  x  {0  -  (-20)}  = 
50  cal 


Heat  required  for  step  (ii)  =  5  x  80  =  400  cal 
When  water  at  30°C  is  allowed  to  cool  to  0°C,  the 
heat  given  out 

=  5  x  1  x(30-0)  =  150  cal 
Thus  it  is  clear  that  all  the  ice  cannot  melt  and  the 
system  will  remain  at  0°C.  Since  only  (150  -  50)  = 
1 00  cal  are  available  for  melting  ice,  the  mass  of  ice 
melted  =  100/80  =  1.25  g. 

Thus  finally  the  mixture  consists  of  (5  +  1.25)  = 
6.25  g  of  water  at  0°C  and  (5  -  1.25)  =  3.75  g  of  ice 
at  0°C.  Hence  the  final  temperature  is  0°C. 

Hence  the  correct  choice  is  (b). 

13.  Heat  energy  generated  per  second  =  work  done  per 
second  against  friction  =  force  of  friction  x  distance 
moved  in  1  s 

=  /umgx 

=  0.5  x  10  x9.8  x5  =  245  Js-1 

Hence  the  correct  choice  is  (b). 

14.  Liquid  oxygen  will  undergo  a  change  of  phase 
when  heated  from  50  K  to  300  K.  During  the  phase 
change  the  temperature  will  not  change.  When  all 
the  liquid  oxygen  has  changed  to  gaseous  state, 
the  temperature  will  increase  because  rate  of  heat¬ 
ing  is  constant  (see  Fig.  16.3).  Hence  the  correct 
graph  is  (c). 


15.  Power  ( P )  =  1  kW  =  1000  W,  mass  of  water  (m)  = 
2  kg,  specific  heat  of  water  (sj  =  4200  J/kg  °C.  Time 
t  =  10  min  =  600  s.  Initial  temperature  7}  =  27°C. 
Heat  energy  supplied  by  kettle  in  600  s  =  Pt=  1000 
X  600  =  600,000  J.  Heat  energy  lost  in  600  s  =  160 
X  600  =  96,000  J.  Therefore,  heat  energy  used  up  in 
heating  the  water  is 

H  =  600,000  -  96,000  =  504,000  J 

Now  H  =  ms  AT  =  ms  (T2-Tl)  =  2  x  4200  x  (T,  - 
27),  where  Tn  is  the  final  temperature. 

.-.  2  x  4200  x  (T2  -  27)  =  504,000 

which  gives  T2  =  87°C,  which  is  choice  (d). 

16.  Let  the  mass  of  steam  required  per  hour  be  m  kg. 
Heat  gained  by  water  in  boiler  per  hour  is 
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=10  kg  x  1  kilo  cal  kg-1  “CT1 

x  (80  -  20)°C  =  600  kilo  cal  (1) 
Heat  lost  by  steam  per  hour  is 
=  heat  needed  to  cool  m  kg  of  steam  from  150°C  to 
100°C  +  heat  needed  to  convert  m  kg  of  steam  at 
100°C  into  water  at  100°C  +  heat  needed  to  cool  m 
kg  of  water  from  100°C  to  90°C 

=  m  x  1  x  (150  —  100)  +  m  x  540 
+  m  x  1  x  (100  —  90) 

=  50  m  +  540  m  +10  m 

=  600  m  kilo  cal  (2) 

Heat  lost  =  heat  gained.  Equating  (1)  and  (2)  we 
have 

600  m  =  600 

or  m  =  1  kg,  which  is  choice  (a). 

17.  Let  the  mass  of  the  bullet  be  m  kg  and  its  velocity 
be  v  ms-1.  Before  striking  the  target,  the  kinetic  en¬ 
ergy  of  the  bullet  is  ^  mv2  joule  which  is  converted 

into  heat  energy  when  the  bullet  strikes  the  target. 
Thus  heat  energy  produced  is 

Q  =  ^  mv 2  joule 


18.  The  specific  heat  varies  with  temperature;  it  is  not 
constant.  The  amount  of  heat  energy  required  to 
raise  the  temperature  of  the  solid  of  mass  m  through 
dT  kelvin  is 

dQ  =  msdT 

Heat  energy  needed  to  raise  the  temperature  of 
the  solid  from  0  K  to  4  K  is 

4  4 

Q  =  J  msdT  =  m  J  cT'dT 
o  o 

T4  4 

=  me  — 


=  me  J  T'dT 


=  me 


V  4  J 


=  0.1  x  c  x  (4)3 


=  6.4  c  joule. 

So  the  correct  choice  is  (b). 

19.  Heat  required  to  melt  the  whole  of  ice  is 
Qx  =  ms  AT  +  mL 

=  400  x  0.5  x  20  +  400  x  80 


(.-.  253  K  =  -20°C) 
=  4000  +  32000  =  36000  cal 


1 


mv2  joule 


4.2  x  10  joule/kilo  cal 

.,2 


mv 


8.4  x  103 


-  kilo  cal 


Heat  energy  absorbed  by  the  bullet  is 

0  x  m  v2 

Q  =  84%  of  0  =  0.84  Q  =  — - —  kilo  cal 

8-4  x  103 


The  maximum  heat  released  by  steam  when  the 
whole  of  it  (=  50  g)  is  converted  into  water  at  0°C  is 
(9,  =  ms  AT  +  mL 
"  =  50  x  1  x  100  +  540  x  50 
=  5000  +  27000  =  32000  cal 
Since  (9,  is  less  than  Qv  the  whole  of  ice  will  not 
melt.  Hence  the  final  temperature  of  the  mixture 
will  be  0°C  or  273  K. 

20.  Mass  of  2  litres  of  water  =  2  kg.  Heat  energy  needed 
to  raise  the  temperature  of  2  kg  of  water  from  20°C 
to  75°C  is 


In  order  that  heat  energy  Q'  melts  the  bullet,  it 
should  be  sufficient  to  raise  the  temperature  of  the 
bullet  from  30°C  upto  its  melting  point  (330°C)  and 
then  to  supply  the  latent  for  melting.  Hence 

0  84  x  m  v2 

- —  =  m  x  0.03  x  (330  —  30)  +  m  x  6 

8. 4  x  103 

=  9  m  +  6  m  =  15  m 
which  gives  v  =  100  Vf5  ms'1 
Thus  the  correct  choice  is  (d). 


Q  =  2  x  (4.2  x  103)  x  55  =  4.62  x  105  J 

If  t  is  the  time  taken,  heat  energy  supplied  by  the 
heater  in  time  t  is 

Qx  =  (power  x  time)  =  1000  t  joule 
Heat  energy  lost  in  time  t  is 
Q2  =  160  t  joule 

Heat  energy  available  for  heating  water  is 

0'  =  0,  -  fi2  =  840  J 

Equating  Q  =  Q',  we  get  t  -  550  s. 
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# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  A  source  of  heat  supplies  heat  at  a  constant  rate  to  a 
solid  cube.  The  variation  of  the  temperature  of  the 
cube  with  heat  supplied  is  shown  in  Fig.  16.4. 

(a)  Portion  BC  of  the  graph  represents  conversion 
of  solid  into  liquid. 

(b)  Portion  BC  of  the  graph  represents  conversion 
of  solid  into  vapour. 

(c)  Portion  DE  of  the  graph  represents  conver¬ 
sion  of  vapour  into  liquid. 

(d)  Portion  DE  of  the  graph  represents  conver¬ 
sion  of  liquid  into  vapour 


Fig.  16.4 

2.  In  Q.l  above,  the  slope  of  portion  CD  of  the  graph 
shown  in  Fig.  16.4  gives 

(a)  latent  heat  of  fusion 

(b)  latent  heat  of  vaporisation 

(c)  thermal  capacity  of  liquid 

(d)  thermal  capacity  of  vapour 

3.  In  Q.  1  above,  the  slope  of  the  portion  EF  of  graph 
shown  in  Fig.  16.4  gives 

(a)  specific  heat  of  the  vapour 


(c)  thermal  capacity  of  liquid 

(d)  thermal  capacity  of  vapour. 

4.  In  Fig.  16.4,  it  is  observed  that  DE  =  3  BC.  This 
means  that 

(a)  the  thermal  capacity  of  the  vapour  is  3  times 
that  of  the  liquid 

(b)  the  specific  heat  of  the  vapour  is  3  times  that 
of  the  liquid 

(c)  the  latent  heat  of  vaporisation  of  the  liquid  is 
3  times  the  latent  heat  of  fusion  of  the  solid. 

(d)  the  latent  heat  of  fusion  of  the  solid  is  3  times 
the  latent  heat  of  vaporisation  of  the  liquid. 

5.  A  bullet  of  mass  50g  and  specific  heat  capacity 
800  J  kg-1  K  is  initially  at  a  temperature  20°C.  It 
is  fired  vertically  upwards  with  a  speed  of  200  ms-1 
and  on  returning  to  the  starting  point  strikes  a  lump 
of  ice  at  0°C  and  gets  embedded  in  it.  Assume  that 
all  the  energy  of  the  bullet  is  used  up  in  melting. 
Neglect  the  friction  of  air.  Latent  heat  of  fusion  of 
ice  =  3.36  x  105  JkgA 

(a)  Energy  of  bullet  used  in  melting  is  1000  J. 

(b)  The  mass  of  ice  method  =  5  g 

(c)  The  mass  of  ice  melted  is  slightly  greater 
than  5  g. 

(d)  The  mass  of  ice  melted  is  less  than  5  g. 

6.  A  metal  ball  of  mass  1  kg  and  specific  heat  capac¬ 
ity  s  falls  from  a  height  of  10  cm  and  bounces  to 
a  height  of  4  m.  If  all  dissipated  energy  (Q)  is  ab¬ 
sorbed  by  the  ball  as  heat,  its  temperature  rises  by 
0.075  K.  Take  g  =  10  ms-2 3 4. 

(a)  Q  =  60  J  (b)  Q  =  100  J 

(c)  s  =  800  J  kg-1  K1  (d)  5  =  1333  J  kg-1  Kr1 


(b)  specific  heat  of  the  liquid 

ANSWERS  AND  SOLUTIONS 


1.  The  correct  choices  are  (a)  and  (d).  The  heat  sup¬ 
plied  is  the  latent  heat. 

2.  The  slope  of  portion  CD  of  the  graph  gives  the 
amount  of  heat  supplied  by  unit  rise  in  temperature  of 
the  liquid.  This,  by  definition,  is  the  thermal  capacity 
of  the  liquid.  Hence  the  correct  choice  is  (c). 

3.  The  correct  choice  is  (d). 

4.  The  portion  BC  of  the  graph  represents  the  conver¬ 

sion  of  solid  into  liquid,  temperature  remaining  the 


same.  The  portion  DE  represents  the  conversion 
of  liquid  into  vapour  at  the  same  temperature.  The 
heat  supplied  in  the  two  cases  is  latent  (hidden). 
Hence  the  correct  choice  is  (c). 

5.  If  the  friction  offered  by  air  is  neglected,  the  speed 
of  the  bullet  on  returning  to  the  starting  point 
will  be  equal  to  its  initial  speed  v  =  200  ms-'.  The 
kinetic  energy  of  the  bullet  is 
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K.E.  =  —  mv2 
2 

=  |  (50  x  10-3)  x  (200)2  =  1000  J 

Heat  lost  by  bullet  for  its  temperature  to  fall  from 
20°C  to  0°C  =  (50  x  103)  x  800  x  20  =  800  J.  If  x 
kg  is  the  mass  of  ice  melted,  then 

x  x  (3.36  x  105)=  1000  +  800 


=>  x  =  5.3  x  10  3  kg  =  5.3  g.  Hence  the  correct 
choices  are  (a)  and  (c). 

6.  Q  =  mg  (h  -  A0  =  1  x  10  x  (10-4)  =  60  J. 

Also  Q  =  ms  AT.  Hence 

Q  =  60 

5  mAT  1  x  0.075 

=  800  J  kg-1  K1. 

Thus  the  correct  choices  are  (a)  and  (c). 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

The  basic  principle  of  calorimetry  is  heat  gained  by  one 
body  =  heat  lost  by  the  other  body.  This  follows  from  the 
principle  of  conservation  of  energy  according  to  which 
the  total  heat  energy  of  the  two  substances  must  remain 
constant.  Hence  heat  lost  by  one  body  must  be  gained  by 
the  other,  provided  no  part  of  heat  energy  is  allowed  to 
escape. 

An  aluminium  container  of  mass  100  g  contains 
200  g  of  ice  at  -  20°C.  Heat  is  added  to  the  system  at 
the  rate  of  420  J  per  second.  Specific  heat  capacity  of 
ice  =  2100  J  kg1  K1,  specific  heat  capacity  of 
aluminium  =  840  J  kg-1  K_1  and  latent  heat  of  fusion  of  ice 
=  3.36  x  105  J  kg1. 

SOLUTION 

1.  Heat  energy  needed  to  raise  the  temperature  of  the 
container  and  ice  from  -  20°C  to  0°C  is 

Qx  =  (100  x  10  3)x  840  x20 

+  (200  x  10-3)x  2100  x20 
=  1680  +  8400=  10080  J 
10080  „„ 

Time  needed  is  t,  =  -  =  24  s 

1  420 

So  the  correct  choice  is  (b). 

2.  Heat  energy  required  to  melt  ice  at  0°C  into  water 
at  0°C  is 

Q2  =  (200  x  10  3)  x  (3.36  x  105) 

=  6.72  x  104  J 


The  time  taken  to  raise  the  temperature  of  the  con¬ 
tainer  and  ice  from  -  20°C  to  0°C  is 


(a) 

12  s 

(b) 

24  s 

(c) 

36  s 

(d) 

48  s 

The 

time  taken  to  melt  ice  at  0C 

5C  into  water  at  0°C 

is 

(a) 

40  s 

(b) 

80  s 

(c) 

120  s 

(d) 

160  s 

The 

temperature  of  the  system 

after  4  minutes  is 

(a) 

15.45°C 

(b) 

20.45°C 

(c) 

25.45°C 

(d) 

30.45°C 

.-.  Time  needed  is  t.  =  — — -  =  160  s,  which  is 

2  420 

choice  (d). 

3.  Total  time  t{  +  t2  =  24  +  160  =  184  s  is  less  than 
4  minutes  (=  240  s).  Hence  heat  energy  supplied 
during  (240  -  1 84)  =  5  s  will  be  used  up  in  raising 
the  temperature  of  the  system  (container  +  200  g 
of  water)  from  0°C  to  final  temperature.  Heat  sup¬ 
plied  is  56  s  =  420  x  56  =  23520  J.  If  t°C  is  the  final 
temperature,  then 

23520  =  ( 1 00  x  1 0  3)  x  840  x  t 
+  (200  x  10-3)x  4200  x? 
which  gives  t  =  25.45°C.  So  the  correct  choice  is  (c). 


Multiple  Choice  Questions  Based  on  Passage 

1. 
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Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

A  steel  drill  making  180  revolutions  per  minute  is  used 
in  during  a  hole  in  a  block  of  steel.  The  mass  of  the  steel 
block  is  1 80  g.  90%  of  the  entire  mechanical  energy  is  used 
up  in  producing  heat  and  the  rate  of  rise  of  temperature  of 
the  block  is  0.5°C  per  second.  The  specific  heat  capacity 
of  steel  =  420  J  kg-1  K1. 

SOLUTION 


4.  The  rate  at  which  heat  is  produced  is 

(a)  35.8  Js-1  (b)  36.8  Js"1 

(c)  37.8  Js-1  (d)  38.8  Js"1 

5.  The  power  of  the  drill  is 

(a)  40  W  (b)  42  W 

(c)  48  W  (d)  56  W 

6.  The  torque  required  to  drive  the  drill  is 

(a)  1.2  Nm  (b)  2.2  Nm 

(c)  3.2  Nm  (d)  4.2  Nm 


4.  —  =  mass  X  sp.  heat  x  rise  in  temperature  per 

second  =  (180  x  10  3)  x420  x  0.5  =  37.8  Js1. 

So  the  correct  choice  is  (c). 

37  8 

5.  Power  of  drill  =  1 — —  =  42  W,  which  is  choice 

0.9 

(b). 


1 80 

6.  Number  of  revolutions  per  second  =  - 

60 

=  3  r.p.s. 

Angular  frequency  of  rotation  ( co)  =  2  n  x  3 

=  6  n  rad  s-1 

Now  power  =  torque  x  angular  frequency  or  P  =  zco 
P  42 

r  =  —  =  -  =  2.2  Nm 

co  6x3.14 

Thus  the  correct  choice  is  (b). 


# 

Integer  Answer  Type 


1.  2  kg  of  ice  at  -  20°C  is  mixed  with  5  kg  of  water  at 
20°C  in  an  insulating  vessel  having  negligible  heat 
capacity.  Calculate  the  final  mass  of  water  (in  kg) 

SOLUTION 

1.  m.  s.  [0  —  (—  20)]  +  m'  L  =  mw  sw  (20  —  0) 

=>  2  x  0.5  x  20  +  m'  x  80  =  5  x  1  x  20 


remaining  in  the  container.  Specific  hearts  of  water 
and  ice  are  kcal/kg/°C  and  0.5  kcal/kg/°C  and  latent 
heat  of  fusion  of  ice  is  80  kcal/kg. 

<  IIT,  2003 


=>  m  =  1  kg. 

.'.  Mass  of  water  in  container  =  5  +  1  =  6  kg 
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REVIEW  OF  BASIC  CONCEPTS 

17.1  [  EQUATION  OF  STATE _ 

In  the  case  of  ideal  gases,  the  equation  of  state  is 
PV  =  RT,  for  one  mole 
and  PV  =  nRT,  for  n  moles 

where  P,  V  and  T  are  respectively  the  pressure,  volume 
and  temperature  of  the  gas  and  R  is  the  universal  gas 
constant. 

17.2  |  MOLAR  SPECIFIC  HEAT _ 

The  molar  specific  heat  C  of  a  substance  is  the  amount  of 
heat  energy  required  to  raise  the  temperature  of  1  mole  of 
the  substance  through  1  K.  It  is  expressed  in  J  moT1  K  '. 
Specific  heat  (s)  and  molar  specific  heat  (C)  are  related  as 
C 

s  =  — 
m 

where  m  is  the  number  of  kilograms  per  mole  in  the 
substance. 

The  molar  specific  heat  of  a  gas  at  constant  volume  ( Cfi  is 
the  amount  of  heat  energy  required  to  raise  the  temperature 
of  1  mole  of  the  gas  through  1  K  when  its  volume  is  kept 
constant.  The  molar  specific  heat  of  a  gas  at  constant 
pressure  (Cfi  is  the  amount  of  heat  energy  required  to 
raise  the  temperature  of  1  mole  of  the  gas  through  1  K 
when  its  pressure  is  kept  constant. 

The  two  specific  heat  of  an  ideal  gas  are  related  as 
Cp  ~  Cv  =  R 

when  R  is  the  universal  gas  constant  and  its  value  is 
R  =  8.315  J  moC1  K"1 


17.3  ;  ZEROTH  LAW  OF  THERMODYNAMICS 

The  Zeroth  law  of  thermodynamics  which  states  that  if 
two  systems  A  and  B  are  separately  in  thermal  equilibrium 
with  a  third  system  C,  then  the  systems  A  and  B  are  in 
thermal  equilibrium  with  each  other. 

Thus  if  TA=  Tc  and  Tc  =  TB,  then  TA  =  TB. 

17.4  |  INTERNAL  ENERGY _ 

Every  system  (solid,  liquid  or  gas)  possesses  a  certain 
amount  of  energy.  This  energy  is  called  the  internal 
energy  and  is  usually  denoted  by  the  symbol  U.  The 
internal  energy  of  solid,  liquid  or  gas  consists  of  two 
parts:  (i)  kinetic  energy  due  to  the  motion  (translational, 
rotational  and  vibrational)  of  the  molecules,  and 
(ii)  potential  energy  due  to  the  configuration  (separation) 
of  the  molecules. 

If  the  intermolecular  forces  are  extremely  weak  or 
absent,  then  the  change  in  internal  energy  is  given  by 
At/  =  mcv  AT 

where  m  is  the  mass  of  the  gas,  cv  its  specific  heat  and  AT 
is  the  change  in  temperature.  In  terms  of  molar  specific 
heat  Cv  (=  Mcv  where  Mis  the  molecular  mass),  we  have, 
for  n  moles  of  an  ideal  gas 

m 

A U  =  nCv  AT  =  —  Cv  AT 
M 

17.5  ;  FIRST  LAW  OF  THERMODYNAMICS 

When  heat  energy  is  supplied  to  a  system,  a  part  of  this 
energy  is  used  up  in  raising  the  temperature  of  the  system 
(i.e.  in  increasing  the  internal  energy  of  the  system)  and 
the  rest  is  used  up  in  doing  external  work  against  the 
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surroundings.  Thus,  if  A Q  is  the  heat  energy  supplied  to 
a  gas  and  if  AIT  is  the  work  done  by  it,  then  from  the  law 
of  conservation  of  energy,  the  increase  A U  in  the  internal 
energy  of  the  gas  must  be  equal  to  (A Q  -  A  W)  or 
AQ  =  AU+  AW 

Here  all  quantities  are  measured  in  energy  units  (joule). 
This  equation  is  the  mathematical  statement  of  the  first 
law  of  thermodynamics  which  may  be  stated  in  words 
as  ‘  if  energy  is  supplied  to  a  system  which  is  capable  of 
doing  work,  then  the  quantity  of  heat  energy  absorbed  by 
the  system  will  be  equal  to  the  sum  of  the  increase  in  the 
internal  energy  of  the  system  and  the  external  work  done 
by  it.  ’ 

Sign  convention  for  AQ,  AW  and  A U 

1.  AQ  is  positive  if  heat  is  supplied  to  the  system  and 
negative  if  heat  is  taken  out  of  the  system. 

2.  AIT  is  positive  if  work  is  done  by  the  system  and 
negative  if  work  is  done  on  the  system. 

3.  AU  is  positive  if  the  temperature  of  the  system  in¬ 
creases  and  negative  if  the  temperature  of  the  sys¬ 
tem  decreases. 

17.6  ;  THERMODYNAMIC  PROCESSES _ 

I.  Isothermal  Process 

The  process  in  which  the  temperature  remains  constant 
is  called  isothermal  process.  From  PV  =  nRT,  it  follows 
that  for  a  given  mass  of  a  gas  (n  =  constant),  the  relation 
between  P  and  V  is 

PV  =  constant  =>  P,  V,  =  P2V2 

(for  an  isothermal  process  T  =  constant) 

If  T  is  kept  constant  AT  =  0.  Hence  AU  =  0,  i.e.  for  an 
isothermal  process,  the  internal  energy  of  the  gas  remains 
constant.  From  first  law  of  thermodynamics,  it  follows 
that 

AQ  =  AW 

1. e.  all  the  heat  energy  supplied  to  the  gas  is  used  up  in 
doing  work. 

(a)  If  the  gas  expands  isothermally,  work  is  done  by  the 
gas.  Hence  both  AW  and  AQ  are  positive. 

(b)  If  the  gas  is  compressed  isothermally,  work  is  done 
on  the  gas.  Hence  both  AW  and  AQ  are  negative. 

2.  Adiabatic  Process 

The  process  in  which  no  heat  energy  enters  the  system 
or  leaves  the  system  is  called  adiabatic  process.  For  an 
adiabatic  process,  the  realtion  between  P  and  V is 
PV7  =  constant  =>  PxVf  =  P2V 27 


where  y  =  — —  . 

C 

For  an  adiabatic  process,  AQ  =  0.  From  the  first  law  of 
thermodynamics,  AQ  =  AU  +  AW,  it  follows  that 
AU  +  AW  =  0  or  AW  =  -  AU 

(a)  If  the  gas  expands  adiabatically,  AIT  is  positive, 
hence  AU  is  negative,  i.e.  the  temperature  of  the 
gas  falls. 

(b)  If  the  gas  is  compresssed  adiabatically  A  IT  is  nega¬ 
tive.  Hence  AU  is  positive,  i.e.  the  temperature  of 
the  gas  increases. 

3.  Isochoric  Process 

A  process  in  which  the  volumee  is  kept  constant  is  called 
an  isochoric  process.  The  relation  between  P  and  T  is 

p  P  P 

P  °c  T  =>  —  =  constant  =>  —  =  — 

T  7]  T2 

The  work  done  in  a  process  is  AW  =  PAV.  For  an 
isochoric  process,  AT  =  0.  Hence  AIT=  0.  From  the  first 
law  of  thermodynamics  it  follows  that 
AQ  =  AU 

(a)  If  heat  is  supplied  to  the  gas,  AQ  is  positive.  Hence 
AU  is  positive,  i.e.  the  temperautre  of  the  gas  rises. 
Hence  pressure  also  increases. 

(b)  If  heat  is  taken  out  of  the  gas,  AQ  is  negative.  Hence 
AU  is  negative,  i.e.  the  temperature  of  the  gas  falls. 
Henc  pressure  also  falls. 

4.  Isoboric  Process 

A  process  in  which  the  pressure  is  kept  constant  is  called 
an  isobaric  process.  The  relation  between  V  and  T  is 

V  T  =>  —  =  constant  =>  —  =  — 

T  7j  T2 

(a)  If  the  gas  expands  at  constant  pressure,  it  follows 
from  V  T,  that  the  temperature  rises.  Hence  AW 
and  AU  are  positive.  It  follows  from  the  first  law  of 
thermodynamics,  that  AQ  is  also  positive.  Hence  AQ, 
AU  and  AW  are  all  positive  in  isobaric  expansion. 

(b)  If  the  gas  is  compressed  at  constant  pressure;  AQ, 
AU  and  AW  are  all  negative. 

17.7  j  WORK  DONE  IN  A  PROCESS _ 

The  work  done  by  a  gas  in  a  finite  but  slow  expansion 

*2 

from  volume  T,  to  volume  V2  is  given  by  IT  =  J  PdV 

h 

1.  Work  Done  in  an  Isothermal  Process  When  an 
ideal  gas  is  allowed  to  expand  isothermally  (i.e. 
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at  constant  temperature)  work  is  done  by  it.  For 
an  isothermal  process,  the  equation  of  state  for  n 
moles  of  ideal  gas  is 

PV  =  nRT  (1) 

where  T  is  the  constant  absolute  temperature  and  R 
is  the  universal  gas  constant.  The  value  of  R  for  all 
gases  is  R  =  8.3 1  J  KT1  mol1 
From  Eq.  (1) 

P  = 


nRT 


The  work  done 


V 


"V5 

sT*- 

fv2) 

-  =  nRT  In 

J  y 

V 

or 


W  =  2.303  nRT  log 


\V\J 


(In  =  loge) 

(2) 


where  Vl  is  the  initial  volume  and  V2, 


the  final  vol¬ 
ume  of  gas.  In  tenns  of  initial  and  final  pressures, 
P j  and  P 2,  Eq.  (2)  can  be  written  as  (since  Pl  V1  = 

P2V2 ) 


W  =  2.303  nRT  log  — 


2.  Work  Done  in  Adiabatic  Process  When  a  gas 
undergoes  an  adiabatic  change,  the  pressure- 
volume  changes  obey  the  relation 

PV 7  =  constant  =  C  (3) 

where  y=  CJCV  is  the  ratio  of  specific  heats  of 
the  gas  at  constant  pressure  to  that  at  constant 
volume. 

From  Eq.  (3),  we  have 


where  C  is  a  constant 


The  work  done  is  given  by 

f  1 


W  = 


vl  -  7 

_ l_ 

(7-1) 

nR 

(7-1) 


(P2V2  ~  P iVJ 


{P\Vx~P2V2) 


(7\  -  T2) 


since  P\VX  =  nRTx  and  P2V2  =  nRT2,  Tx  and  T2 
being  the  absolute  temperatures  before  and  after  the 
adiabatic  change. 

3.  Work  Done  in  an  Isobaric  Process  For  an  iso- 
baric  process,  pressure  P  is  constant.  Therefore,  the 
work  done  is  given  by 


'  2 

W  =  P  j  dV  =  P(V2  -  Vi) 


4.  Work  Done  in  an  Isochoric  Process  In  an  iso- 
choric  process,  volume  V  is  constant,  i.e.  dV  =  0. 
Hence,  work  done  W=  0. 

17.8  !  INDICATOR  DIAGRAM 

_ I _ 

Indicator  diagram  (or  P  -  V  diagram)  is  a  graph  in  which 
pressure  (P)  is  plotted  on  the  y-axis  and  volume  (V)  on 
the  x-axis. 

Figure  17.1  shows  indicator  diagrams  for  expansion, 
compression  and  for  a  closed  cyclic  process.  The  initial 
state  (P j,  Yf )  is  represented  by  point  A  and  the  final  state 
(P2,  V2)  by  point  B.  The  intermediate  states  are  repre¬ 
sented  by  points  between  A  and  B  on  the  curve  AB. 

P  P 


(c)  Closed  cycle 

Fig.  17.1 

The  work  done  in  a  process  is  given  by 

W  =  area  enclosed  by  P  —  V  curve  and  volume  axis. 
Thus,  the  work  done  is  given  by  the  area  of  the  shaded 
portion  in  Fig.  17.1. 

17.9  j  EFFICIENCY  OF  AN  IDEAL  HEAT  ENGINE 

The  efficiency  (p)  of  an  ideal  reversible  heat  engine  is 
given  by 

P2 

”  7 

where  Tx  =  absolute  temperature  of  the  source 

which  supplies  heat 

and  T2  =  absolute  temperature  of  the  sink  which  takes  in 
the  part  of  heat  not  converted  into  useful  work, 
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7j  is  always  greater  than  T2.  If  T\  =  T2:  TJ  =  0  implying 
that  an  engine  working  under  isothermal  conditions  can 
produce  no  useful  work.  Complete  conversion  of  heat  into 
work  (i.e.  r;  =  1)  is  possible  only  if  T2  =  0,  i.e.  the  sink  is 
at  absolute  zero,  which  is  unattainable. 


17.10 


Cv,  Cp  AND  y  =  Cp/Cv  FOR  AN  IDEAL 
GAS 


1.  For  a  monoatomic  gas, 


3R  5R  5 

C  =  — ,  C  =  —  and  y=  -  =  1.67 
2  p  2  3 

2.  For  a  diatomic  gas, 

„  5R  1R  1  , 

Cv  —  — ,  C„  =  —  and  y=  -  =  1.4 

2  p  2  5 

3.  For  a  triatomic  or  polyatomic  gas 


Cv  =  3 R,  Cp  =  4R  and  y—  -  =  1.33 

p'  Zz 


~p  '  3 

17.11  j  RELATION  BETWEEN  C_,  C7,  AND  y 


Cp  -  Cv=  R 

(4) 

and  —  =  y 

c 

V 

or  Cp  =  yCv 

(5) 

Using  (5)  in  (4),  we  have 

Cv  = 


—  and  C„ 
y  —  1  p 


yR 

7-1 


EXAMPLE  17.1 


15  moles  of  an  ideal  gas  are  compressed  to  half  the 
initial  volume  at  a  constant  temperature  of  27.0°C. 
Calculate  the  work  done  in  the  process.  Given  R  = 
8.3  J  K  1  mol-1.  Write  your  result  up  to  appropriate 
significant  figures. 


SOLUTION 


Given  T  =  27.0°C  =  300  K.  Since  T  is  constant,  the 
process  is  isothermal 


W  =  nRT  loge 


\VX  j 


=  5  x 

=  5  x  8.3  x  300  x  (-  0.693) 


.3  x  300  x  logg  |  — 


=  -  8628  J 


Since  the  value  of  R  has  two  significant  figures  (.?/), 
the  value  of  W  must  be  rounded  off  to  2  s.f.  as 
W  =  -  8.6  x  103  J 

The  negative  sign  indicates  that  work  is  done  on  the 
gas. 


EXAMPLE  17.2 


Two  moles  of  a  diatomic  gas  (y=  1.4)  at  127°C  are 
expanded  adiabatically  to  twice  the  original  volume. 
Calculate  (a)  the  final  temperature  and  (b)  the  work 
done  in  the  process.  Given  R  =  8.3  J  KT1  mol1  and 
(0.5)0'4  =  0.76. 


SOLUTION 


(a)  Tx  r/r-D^pGr-P 


V- 


t2  =  tx 


\V2J 


=  (127  +  273)  x  (0.5)0'4 
=  400  x  0.76  =  304  K 


(b)  W  =  ~~~r  (Ti  —  T2) 

(7-1) 

=  2X83  x  (400  -  304)  =  3984  J 
1.4-1 


EXAMPLE  17.3 


A  Carnot’s  engine  working  between  0°C  and  100°C 
takes  up  746  J  of  heat  from  the  high  temperature  res¬ 
ervoir  in  one  cycle.  Calculate  (a)  the  work  done  by 
the  engine,  (b)  heat-rejected  to  the  sink  and  (c)  the 
efficiency  of  the  engine. 


SOLUTION 


7j  =  100°C  =  373  K,  T2  =  0°C  =  273  K,  Qx  =  746  J 


(a)  —  =  1  -  ^ 

a  Ti 


W=  Q 


7j  -  T:  b 

v^r 


=  746  x 
=  200  J 

(b)  02  =  0i  -  W=  746  -  200  =  546  J 

W  200 

(c)  ij  -  -  =  0.268  =  26.8% 

0!  746 


J 

373  -  273 
373 


NOTE 


T 

i]=l-  71  =  i_ 

7j 


273 

373 


=  0.268 


EXAMPLE  17.4 


Figure  17.2  shows  the  P-V  diagram  of  a  cyclic 
process  ABCA.  Calculate  the  work  done  in  process 

(a)  A  to  B  (b)  B  to  C 

(c)  C  to  ^4  (d)  ABCA 
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A 


Fig.  17.2 


SOLUTION 


(a)  WA_B 


=  Area  of  ABED 

=  Area  of  A 4BC  +  area  of  rectangle 
BEDC 


=  -  AC  x  BC  +  CD  x  DE 
2 

=  -  x  4  x  6  x  1(T3  +  4  x  6  x  1(T3 
2 

(y  1  litre  =  1(T3  m3) 


=  36  x  10  3  J 


(b)  WB^C  =  Area  of  BEDC  =  -24xl  0“3  J 
Negative  sign  shows  that  the  work  is  done  on  the 
gas. 

(c)  WC^A  =  0  (y  volume  is  constant) 

(d)  WABCA  =  36  x  1(T3  -  24  x  1(T3  =  12  x  1(T3  J 
which  is  equal  to  area  enclosed  by  the  closed 
loop  ABC  A. 


EXAMPLE  17.5 


5  moles  of  an  ideal  diatomic  gas  (y  =  1.4)  are  heated 
at  constant  pressure.  If  280  J  of  heat  energy  is  sup¬ 
plied  to  the  gas,  find  (a)  the  change  in  internal  energy 
of  the  gas  and  (b)  the  work  done  by  the  gas. 


SOLUTION 


C  n  C  AT 

(a)  AU=  n  Cv  AT  =  n  — ^  x  C  AT  =  — p- 

CP  Y 

Given  AQ  =  n  Cp  AT  =  280  J.  Hence 

AU=  —  =  200  J 
1.4 

(b)  From  first  law  of  thermodynamics 

AW  =  AQ  -  AU  =  280  -  200  =  80  J 


EXAMPLE  17.6 


5  moles  of  an  ideal  diatomic  gas  (y=  1.4)  are  heated 
at  constant  volume.  If  280  J  of  heat  energy  is  supplied 
to  the  gas,  find  the  change  in  internal  energy  of  the 
gas  and  the  work  done. 


SOLUTION 


Since  AV=  0,  AW  =  0.  Hence  from  first  law  of  ther¬ 
modynamics, 

dU  =  dQ  =  280  J 


EXAMPLE  17.7 


The  pressure  P  of  an  ideal  gas  varies  with  volume 
V  as  P  =  kV  where  k  is  a  constant.  The  volume  of  n 
moles  of  the  gas  is  increased  from  V to  mV.  Find  the 
work  done  and  the  change  in  internal  energy. 


SOLUTION 


mV 

mV 

v 2 

f  PdV  = 

f  kVdV  =  k 

J 

V 

J 

V 

2 

mV 


From  first  law  of  thermodynamics 
AQ  =  AU  +  W 


nCp  AT  =  AU  +  W 


nyCv  AT  =  AU  +  W 


y  y  = 


V 


CVJ 


y  AU  =  AU  +  W  (y  AU  =  n  Cv  AT) 
W 


AU  = 


kV2  (m2  —  1) 


(y  1)  2(y-l) 


EXAMPLE  17.8 


B  Two  moles  of  a  monoatomic  gas  undergo  a  cyclic 
process  ABCA  as  shown  in  Fig.  17.3. 


A  B 


Fig.  17.3 

Process  A  — >  B  is  isobaric,  process  B  — >  C  is  adiabatic 
and  process  C  —>  A  is  isothermal.  Find 
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(a)  pressure  and  volume  at  state  C 

(b)  total  work  done  in  the  process  ABCA. 


SOLUTION 


IPA  =  PB  =  2  x  105  Nm  2 

VA  =  2  m3,  VB  =  5  m3  and  7=  1 .67  (monoatomic  gas) 
(a)  For  adiabatic  process  B  — >  C 

pB  vi=  pc  n  (i) 


For  isothermal  process  C  — >  A 

Pa  Va  =  Pc  Vc  (2) 

From  (1)  and  (2),  we  get  (v  PA  =  PB) 


Vc  = 


fv^ 


\VAJ 


7- 1 


Substituting  the  values  of  VA,  VB  and  7,  we  get 


Vc=  19.5  m 
Also 


p  y 

Pc=  =  0.2  x  105  N  m 


Vr 


(b)  W=WA^B+WB^c+Wc^A 

=  Pa  (Vb  ~  VA)  +  — (PBVB  -  PCVC ) 


(7  ~  1) 


+  fa  va 


Substituting  the  values,  we  get 
W=  6  x  105  N  nT2 


\VC7 


EXAMPLE  17.9 


I  Show  that  the  slope  of  P-V  curve  for  an  adiabatic 
process  is  greater  than  that  for  an  isothermal 
process. 


SOLUTION 


For  an  isothermal  process,  PV=  constant.  Differenti¬ 
ating  w.r.t.  volume  V  we  have 


PdV  +  VdP  =  0  =>  — 


dP_\  =  _P 

dV  Jiso  V 

For  an  adiabatic  process,  PV7=  constant, 


where 


Ep 

cl 


Differentiating  w.r.t.  volume  V,  we  have 
yPVr -  ldV  +  V?dP  =  0 


dP 

dV 


-7 


adia 


v 


dP 


Since  7>  1,  —  >  — 

•  '  l  iTr  I  I  ITT 


dV 


adia 


dP 


dV 


(i) 


(ii) 


Hence  the  sope  of  P-V  graph  for  an  adiabatic  process 
is  greater  than  for  an  isothermal  process.  Figure  17.4 
shows  two  P-V  curves,  one  for  adiabatic  expansion 
and  the  other  for  isothermal  expansion. 


Fig.  17.4 


EXAMPLE  17.10 


Two  moles  of  a  diatomic  ideal  gas,  initially  at  pres¬ 
sure  5.0  x  104  Pa  and  temperature  300  K  are  expanded 
isothermally  until  the  volume  of  the  gas  is  doubled 
and  then  adiabatically  expanded  until  the  volume  is 
again  doubled.  Find 

(a)  the  pressure  and  temperature  of  the  gas  at  the 
end  of  the  complete  proces 

(b)  total  work  in  the  complete  process  and 

(c)  the  change  in  internal  energy  in  the  complete 
process. 

(d)  draw  the  P-V  graph  for  the  complete  process. 
Given  R  =  8.3  JKT1  mol-1. 


SOLUTION 


Let  P|,  Fh  T|  be  the  initial  pressure,  volume  and  tem¬ 
perature  of  the  gas 

For  isothermal  process 

PXV 1  =P2V2  where  V2  =  2V] 


P2  =  Pi 


J 


=  5.0  x  104  x  - 


=  2.5  x  104  Pa 


In  an  isothermal  process,  the  temperature  remains 
constant.  Hence  T2=  Tx  =  300  K.  Therefore  change 
in  internal  energy  (AU)l  =  0. 

Work  done  is 


W, 


=  nRTx\n 


UJ 


2  x  8.3  x  300  x  ln(2) 
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=  3.45  X  103  J 
For  adiabatic  process 


p,  =  p2 


V^3  J 


=  2.5  x  104  x  I  - 


1.4 


=  9.5  x  10J  Pa 


Also  T2V2(y-  !)  =  T,V-,(y-  I} 


[3r3 


T2=T2 


\V2J 


=  300  x  |  - 

,2 


0.4 


=  227  K 


Work  done  is 


W2  = 


nR 


(7-1) 

2x8.3 


(1.4-1) 


(T2-T3) 
x  (300  -  227) 


=  3.03  x  103  J 
Change  in  internal  energy  is 


5  R 


( dU)2  =  nCvAT  =  n  X  —  x  AT 


=  2  x  -  x  8.3  x  (227  -  300) 

5  R 

(y  Cv  =  —  for  diatomic  gas) 

=  -  3.03  x  103  J 

(a)  P3  =  9.5  x  103  Pa,  T3  =  227  K 

(b)  W=  Wx  +  W2=  3.45  x  103  +  3.03  x  103  =  6.48  x  103  J 

(c)  AU  =  (AU)l  +  ( AU)2  =  0  -  3.03  x  103  = 
-  3.03  x  1 03  J.  The  negative  sign  shows  that 
there  is  a  decrease  in  internal  energy. 

(d)  P-V graph  for  the  complete  process  is  shown  in 
Fig.  17.5. 


V 


Fig.  17.5 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  If  2  moles  of  an  ideal  monoatomic  gas  at  temperature 


T  are  mixed  with  3  moles  of  another  monoatomic 

gas  at  temperature 
mixture  will  be 

2 T,  the  temperature  of  the 

8  T 

6  T 

(a)  — 

(b)  — 

5 

5 

x  AT 

...  3  T 

c  W 

d  YT 

3 

2 

If  heat  energy  A Q  is  supplied  to  an  ideal  diatomic  gas, 
the  increase  in  internal  energy  is  AU  and  the  work 
done  by  the  gas  is  AW.  The  ratio  AO  :  AU :  A W is 

(a)  5  :  3  :  2 

(b)  5:2:3 

(c)  7  :  5  :  2 

(d)  7  :  2  :  5 

3.  Figure  17.6  shows  a  cyclic  process.  When  a  given 
mass  of  a  gas  is  expanded  from  state  A  to  state 
B,  it  absorbs  30  J  of  heat  energy.  When  the  gas  is 
adiabatically  compressed  from  state  B  to  state  A, 


the  work  done  on  the  gas  is  50  J.  The  change  in 
internal  energy  of  the  gas  in  the  process  A  — >  B  is 


Fig.  17.6 

(a)  80  J  (b)  20  J 

(c)  -20  J  (d)  -50  J 

4.  Figure  17.7  shows  a  cyclic  process  ABCA  for  an 
ideal  diatomic  gas.  The  ratio  of  the  heat  energy 
absorbed  in  the  process  A  — >  B  to  the  work  done  on 
the  gas  in  the  process  B  — >  C  is 
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(a) 

7 

(b) 

7 

4  In  (2) 

2  In  (2) 

00 

5  In  (2) 

4 

(d) 

5  In  (2) 

2 

5.  The  internal  energy  of  3  moles  of  hydrogen  at 
temperature  T  is  equal  to  the  internal  energy  of  n 
moles  of  helium  at  temperature  772.  The  value  of 
n  is  (assume  hydrogen  and  helium  to  behave  like 
ideal  gases) 

(a)  5  (b)  10 

(c)  |  (d)  6 

6.  The  temperature  of  n  moles  of  an  ideal  gas  is 
increased  from  T  to  3T  in  a  process  in  which  the 
temperature  changes  with  volume  as  T=  k  V2  where 
k  is  a  constant.  The  work  done  by  the  gas  in  this 
process  is 

(a)  nRT  (b)  2nRT 

(c)  (d)  3nRT 

7.  In  a  certain  process,  pressure  P,  volume  V  and 
temperature  T  of  a  gas  are  related  as  PV  =  kT1 
where  k  and  n  are  constants.  The  work  done  by  the 
gas  when  the  pressure  is  kept  constant,  is  propor¬ 
tional  to 

(a)  ( T)Un  (b)  (Tf 

(c)  T{n  +  l)  (d)  T(n~l) 

8.  If  the  pressure  of  an  ideal  gas  in  a  closed  container  is 
increased  by  2%,  the  temperature  of  the  gas  increases 
by  5°C.  The  initial  temperature  of  the  gas  is 

(a)  100  K  (b)  150  K 

(c)  200  K  (d)  250  K 

9.  A  balloon  is  filled  with  a  mixture  of  ideal  gases.  The 
pressure  P  in  the  balloon  is  related  to  the  volume  V 
as  PV2B  =  k,  where  A;  is  a  constant.  If  T  is  the  tem¬ 
perature  of  the  mixture,  volume  V  is  proportional  to 

(a)  T  (b)  T2 

(c)  r3  (d)  T4 


10.  For  a  thermodynamic  process,  the  P-V graph  for  a 
monoatomic  gas  is  a  straight  line  passing  through 
the  origin  and  having  a  positive  slope.  The  molar 
heat  capacity  of  the  gas  in  this  process  is 

(a)  R  (b)  2  R 

(c)  |  R  (d)  3  R 

11.  A  Carnot’s  engine  working  between  300  K  and 
600  K  has  a  work  output  of  800  J  per  cycle.  How 
much  heat  energy  is  supplied  to  the  engine  from  the 
source  in  each  cycle? 

(a)  1400  J  (b)  1500  J 

(c)  1600  J  (d)  1700  J 

12.  A  Carnot’s  engine  whose  sink  is  at  a  temperature 
of  300  K  has  an  efficiency  of  40%.  By  how  much 
should  the  temperature  of  the  source  be  increased 
so  as  to  increase  the  efficiency  to  60%? 

(a)  250  K  (b)  275  K 

(c)  300  K  (d)  325  K 


13.  A  thermodynamic  process  is  shown  in  Fig.  17.8. 
The  pressures  and  volumes  corresponding  to 
some  points  in  the  figure  are,  PA  =  3  x  104  Pa, 
Va  =  2x  10~3  m3,  PB=  8  x  104  Pa,  VDm5  x  10~3  m3. 
In  process  AB,  600  J  of  heat  and  in  process  BC, 
200  J  of  heat  is  added  to  the  system.  The  change  in 
the  internal  energy  in  process  AC  would  be 


(a)  560  J  (b)  800  J 

(c)  600  J  (d)  640  J 


p 


B 


A 


C 


D 


V 


Fig.  17.8 

14.  One  mole  of  an  ideal  gas  requires  207  J  heat  to 
raise  its  temperature  by  1 0  K  when  heated  at  con¬ 
stant  pressure.  If  the  same  gas  is  heated  at  con¬ 
stant  volume  to  raise  the  temperature  by  the  same 
10  K,  the  heat  required  will  be  (R,  the  gas  constant 
=  8.3  JKT1  mol'1) 

(a)  198.7  J 
(c)  215.3  J 


(b)  29  J 
(d)  124  J 
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15.  An  ideal  monoatomic  gas  is  taken  round  the  cycle 
ABCA  as  shown  in  the  Fig.  17.9.  The  work  done 
during  the  cycle  is 

(a)  zero  (b)  3  PV 

(c)  6  PV  (d)  9  PV 


v 


Fig.  17.9 


16.  The  equation  of  state  corresponding  to  8  g  of  02  is 
(assume  02  to  be  an  ideal  gas) 


(a)  PV  =  8  RT 
(c)  PV  =  RT 


(b)  PV  = 
(d)  PV  = 


RT 

RT 

~Y 


17.  The  equation  of  state  of  a  gas  is 


P  + 


aT 

V 


2  A 


x  Vc  =  ( RT  +  b) 


where  a,  b,  c  and  R  are  constants.  The  isothenns  can 
be  represented  by 

P  =  AVm  -  BV" 


where  A  and  B  depend  only  on  temperature  and 
(a)  m  =  —  c,  n  =  —  1  (b)  m  =  c,  n  =  1 

(c)  m  =  -  c,  n  =  1  (d)  m  =  c,  n  =  —  1 

18.  When  an  ideal  monoatomic  gas  is  heated  at  con¬ 
stant  pressure,  the  fraction  of  heat  energy  supplied 
which  increases  the  internal  energy  of  the  gas  is 

2  3 

(a)  -  0»  J 


19.  For  a  gas,  the  difference  between  the  two  specific 
heats  is  4150  J  kg~'  K_1  and  the  ratio  of  the  two 
specific  heats  is  1.4.  What  is  the  specific  heat  of  the 
gas  at  constant  volume  in  units  of  J  kg~*  K  '? 

(a)  8475  (b)  5186 

(c)  1660  (d)  10375 

20.  A  given  mass  of  a  gas  expands  from  state  A  to  B 
by  three  different  paths  1,  2  and  3  as  shown  in  Fig. 
17.10.  If  Wx,  W2  and  W3  respectively  be  the  work 
done  by  the  gas  along  the  three  paths,  then 

(a)  Wx>  W2>  W3  (b)  W \  <  W2  <  W3 

(c)  Wx  =  W2=  W3  (d)  W;  <  W2;  Wx  <  W3 


Fig.  17.10 

21.  In  rising  from  the  bottom  of  a  lake  to  the  top,  the 
temperature  of  an  air  bubble  remains  unchanged, 
but  its  diameter  is  doubled.  If  h  is  the  barometric 
height  (expressed  in  metres  of  mercury  of  relative 
density  p )  at  the  surface  of  the  lake,  the  depth  of  the 
lake  is  (in  metres) 

(a)  8  ph  (b)  4  ph 

(c)  1  ph  (d)  2  ph 

22.  Entropy  of  a  thermodynamic  system  does  not 
change  when  the  system  is  used  for 

(a)  conduction  of  heat  from  a  hot  reservoir  to  a 
cold  reservoir 

(b)  conversion  of  heat  into  work  adiabatically 

(c)  conversion  of  heat  into  internal  energy  iso- 
chorically 

(d)  conversion  of  work  into  heat  isothermally. 

23.  Fleat  energy  absorbed  by  a  system  in  going  through 
a  cyclic  process  shown  in  Fig.  17.1 1  is 

(a)  107  n  joule  (b)  104  n  joule 

(c)  102  n  joule  (d)  1(T3  n  joule 


Fig.  17.11 

24.  One  mole  of  a  monoatomic  gas  (y  =  5/3)  is  mixed 
with  one  mole  of  a  diatomic  gas  (y  =  7/5).  What 
will  be  value  of  y  for  the  mixture? 

(a)  1.5  (b)  1.54 

(c)  1.4  (d)  1.45 


25. 


If  the  ratio  CJCV  =  y  the  change  in  internal  energy 
of  the  mass  of  a  gas,  when  the  volume  changes  from 
V  to  2  V  at  constant  pressure  P  is 


R 


(a) 


(7-1) 


(b)  PV 
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00 


PV 

(7-1) 


yPV 

(y- 


26.  Two  cylinders  A  and  B  fitted  with  pistons  contain 
equal  amounts  of  an  ideal  diatomic  gas  at  300  K. 
The  piston  of  A  is  free  to  move,  while  that  of  B  is 
held  fixed.  The  same  amount  of  heat  is  given  to  the 
gas  in  each  cylinder.  If  the  rise  in  temperature  of  the 
gas  in  A  is  30  K,  then  the  rise  in  temperature  of  the 
gas  in  B  is 

(a)  30  K  (b)  18  K 

(c)  50  K  (d)  42  K 

<  IIT,  1998 

27.  Two  identical  containers  A  and  B  fitted  with  fric¬ 
tionless  pistons  contain  the  same  ideal  gas  at  the 
same  temperature  and  the  same  volume  V.  The 
mass  of  the  gas  in  A  is  mA  and  that  in  B  is  mB. 
The  gas  in  each  cylinder  is  now  allowed  to  expand 
isothermally  to  the  same  final  volume  2V.  The 
changes  in  pressure  in  A  and  B  are  found  to  be  A P 
and  1.5  AP  respectively.  Then 


(a)  4  mA  =  9  mB  (b)  2  mA  =  3  mB 

(c)  3  mA  =  2  mB  (d)  9  mA  =  4  mB 


|  IIT,  1999 

28.  Two  monoatomic  ideal  gases  1  and  2  of  molecular 
masses  Mx  and  M2  respectively  are  enclosed  in 
separate  containers  kept  at  the  same  temperature. 
The  ratio  of  the  speed  of  sound  in  gas  1  to  that  in 
gas  2  is 


<  IIT,  2000 

29.  An  ideal  gas  is  initially  at  temperature  T  and 
volume  V.  Its  volume  is  increased  by  AV  due  to 
an  increase  in  temperature  AT,  pressure  remaining 
constant.  The  quantity  5  =  AV/(V  AT)  varies  with 
temperature  as  (see  Figs.  17.12) 


S 


T  T+  AT 

Temp  (K) 


<  IIT,  2000 


(a) 


(b) 


Temp  (K) 


(c) 


(d) 


Fig.  17.12 


30.  A  monoatomic  ideal  gas,  initially  at  temperature  7), 
is  enclosed  in  a  cylinder  fitted  with  a  frictionless 
piston.  The  gas  is  allowed  to  expand  adiabatically 
to  a  temperature  T2  by  releasing  the  pison  sudden¬ 
ly.  If  L  |  and  L2  are  the  lengths  of  the  gas  column 
before  and  after  expansion  respectively,  then  TlIT2 
is  given  by 


(  T  \ 


(a) 


2/3 


(b)  ^ 


\2/3 


(C)T 


(d) 


V^i  ) 


|  IIT,  2000 

31.  Starting  with  the  same  initial  conditions,  an  ideal 
gas  expands  from  volume  V1  to  V2  in  three  different 
ways.  The  work  done  by  the  gas  is  Wx  if  the  process 
is  purely  isothermal,  W2  if  purely  isobaric  and  W3  if 
purely  adiabatic.  Then 

(a)  W2  >  IT,  >  W3  (b)  W2  >  W3  >  Wl 


(c)  W,  >  W2>  W3 


(d)  W,  >  W3>  W2 

<  IIT,  2000 


32.  A  gas  does  4.5  J  of  external  work  during  adiabatic 
expansion.  If  its  temperature  falls  by  2K,  its  inter¬ 
nal  energy  will 


(a)  increase  by  4.5  J  (b)  decrease  by  4.5  J 

(c)  decrease  by  2.25  J  (d)  increase  by  9.0  J 


33.  5  moles  of  Hydrogen 


initially  at  S.T.P. 


are  compressed  adiabatically  so  that  its  temperature 
becomes  400°C.  The  increase  in  the  internal  energy 
of  the  gas  in  kilo-joules  is: 

(R  =  8.30  J  mol-1  K"1) 

(a)  21.55  (b)  41.50 

(c)  65.55  (d)  80.55 

34.  During  an  adiabatic  process,  the  pressure  of  a  gas  is 
proportional  to  the  cube  of  its  absolute  temperature. 
The  value  of  CJCV  for  that  gas  is: 
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(a) 

3 

5 

(b) 

(c) 

5 

3 

(d) 

35.  A  vessel  contains  1  mole  of  02  gas  (molar  mass 
32)  at  a  temperature  T.  The  pressure  of  the  gas 
is  P.  An  identical  vessel  containing  one  mole  of 
He  gas  (molar  mass  4)  at  a  temperature  IT  has  a 
pressure  of 

(a)  £  (b)  P 

O 

(c)  2 P  (d)  8 P 


<  IIT,  1997 

36.  In  a  given  process  on  an  ideal  gas,  dW  =  0  and 
d Q  <  0.  Then  for  the  gas 

(a)  the  temperature  will  decrease 

(b)  the  volume  will  increase 

(c)  the  pressure  will  remain  constant 

(d)  the  temperature  will  increase 


37.  P-V  plots  for  two  gases 
during  adiabatic  processes 
are  shown  in  Fig.  17.13. 
Plots  1  and  2  should  corre¬ 
spond  respectively  to 

(a)  He  and  02 

(b)  02  and  He 

(c)  He  and  Ar 


<  IIT,  2001 


Fig.  17.13 


(d)  02  and  N2 


<  IIT,  2001 


38.  An  ideal  gas  is  taken  through  the  cycle  A  — >  B  — » 
C  — >  A,  as  shown  in  Fig.  17.14.  If  the  net  heat  sup¬ 
plied  to  the  gas  in  the  cycle  is  5  J,  the  work  done  by 
the  gas  in  the  process  C  —>  A  is 
(a)  -  5  J  (b)  -  10  J 

(c)  -  15  J  (d)  -  20  J 

<  IIT,  2002 


P(N/m2)  10 


Fig.  17.14 

39.  Which  of  the  graphs  shown  in  Fig.  17.15  correctly 
represents  the  variation  of  /3  =  -  (dV/d p)/V  with  p 
for  an  ideal  gas  at  constant  temperature? 


<  IIT,  2002 


(a)  (b) 


40.  Figure  17.16  shows  the 
mass  of  an  ideal  gas 
undergoing  cyclic  pro¬ 
cess.  AB  represents 
isothermal  process 
and  CA  represents  adi¬ 
abatic  process.  Which 
of  the  graphs  shown  in 
Fig.  17.17  represents 
the  P-T  diagram  of  the 
cyclic  procee? 


'-  V  diagram  for  a  fixed 


Fig.  17.16 

<  IIT,  2003 


T 

(c) 


A 


T 

(b) 


(d) 


Fig.  17.17 

41.  The  pressure  and  density  of  a  diatomic  gas 
(y  =  7/5)  change  adiabatically  form  (px,  d{)  to 


(Pi,  d2).  If  Clj- 

=  32,  then  —  is 

dx 

Pi 

(a)  -L 

(b)  32 

128 

(c)  128 

(d)  256 
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42.  One  mole  of  an  ideal  gas  (y=  1.4)  is  adiabatically 
compressed  so  that  its  temperature  rises  from  27°C 
to  35°C.  The  change  in  the  internal  energy  of  the 
gas  is  (given  R  =  8.3  J/mole/K) 

(a)  -  166  J  (b)  166  J 

(c)  -  168  J  (d)  168  J 

43.  A  sample  of  an  ideal  gas  has  volume  V,  pressure 
P  and  temperature  T.  The  mass  of  each  molecule 
of  the  gas  is  m.  The  density  of  the  gas  is  ( k  is  the 
Boltzmann’s  constant) 

P 

(a)  mkT  (b)  — 


(c) 


P 

kVT 


(d) 


mP 

kT 


44.  A  certain  amount  of  heat  energy  is  supplied  to 
a  monoatomic  ideal  gas  which  expands  at  con¬ 
stant  pressure.  What  fraction  of  the  heat  energy  is 
converted  into  work? 


(a)  1 

(b) 

«! 

(d) 

45.  A  closed  hollow  insulated  cylinder  is  filled  with 
gas  at  0°C  and  also  contains  an  insulated  piston 
of  negligible  weight  and  negligible  thickness  at 
the  middle  point.  The  gas  on  one  side  is  heated  to 
1 00°C.  If  the  piston  moves  through  5  cm,  the  length 
of  the  hollow  cylinder  is 
(a)  13.65  cm  (b)  27.3  cm 

(c)  38.6  cm  (d)  64.6  cm 


46.  An  ideal  gas  is  expanded  isothermally  from  a 
volume  Vl  to  volume  V2  and  then  compressed 
adiabatically  to  original  volume  V1.  The  initial 
pressure  is  P j  and  the  final  pressure  is  P3.  If  the  net 
work  done  is  W,  then 


(a)  P3>  Px,  W>  0  (b)  P2<Pl,W<  0 

(c)  P3>  Ph  W<  0  (d)  P3  =  PUW=  0 

<  IIT,  2004 

47.  A  thermally  insulated  rigid  container  contains  an 
ideal  gas  at  27°C.  It  is  fitted  with  a  heating  coil  of 
resistance  50  £2.  A  current  is  passed  through  the  coil 
for  10  minutes  by  connecting  it  to  a  d.c.  source  of 
1 0  V.  The  change  in  the  internal  energy  is 
(a)  zero  (b)  300  J 

(c)  600  J  (d)  1200  J 


48.  Two  different  adiabatic  paths  for  the  same  gas  inter¬ 
sect  two  isothermals  at  7\  and  T2  as  shown  in  the 
P-V  diagram  (Fig.  17.18).  Then 


Fig.  17.18 


49.  Figure  17.19  shows  a  cyclic  process  ABCA  in  the 
V—  T  diagram.  Which  of  the  diagrams  shown  in 
Fig.  17.20  shows  the  same  process  on  a  P  -  V 
diagram. 

HlIT,  1981 


Fig.  17.20 

_3  3 

50.  An  ideal  gas  (7=  1.4)  expands  from  5x10  m  to 
25  x  1 0  5  m3  at  a  constant  pressure  of  1  X  105  Pa. 
The  heat  energy  supplied  to  the  gas  in  this  process 
is 
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(a)  7  J  (b)  70  J 

(c)  700  J  (d)  7000  J 

51.  Three  moles  of  an  ideal  gas  are  taken  through  a 
cyclic  process  ABCA  as  shown  on  T—V  diagram 
in  Fig.  17.21.  The  gas  loses  2510  J  of  heat  in  the 
complete  cycle.  If  TA  =  100  K  and  TB  =  200  K,  The 
work  done  by  the  gas  during  the  process  BC  is 
(a)  5000  J  (b)  -  5000  J 

(c)  4000  J  (d)  -  2500  J 


Fig.  17.21 


52.  Liquid  oxygen  at  50  K  is  heated  at  300  K  at  con¬ 
stant  pressure  of  1  atmosphere.  The  rate  of  heat¬ 
ing  is  constant.  Which  of  the  graphs  shown  in 
Fig.  17.22  represent  the  variation  of  temperature 
( T)  with  time  (1)1 


<  IIT,  2004 


Fig.  17.22 


passing  a  current  of  2  A  for  10  minutes  through 
a  filament  of  resistance  100  Q.  The  change  in  the 
internal  energy  of  the  gas  is 


(a)  30  kJ 

(b)  60  kJ 

(c)  120  kJ 

(d)  240  kJ 

<  IIT,  2005 

The  P—V  diagram  for  n  moles  of  an  ideal  gas 

undergoing  a 

process  A  — >  B  is  shown  in  Fig.  17.23. 

The  maximum  temperature  of  the  gas  during  the 

process  is 

(a)  Y: 
4nR 

<b) 

nR 

(0 

7  nR 

«■>  3P«F« 

2  nR 

P 

2  Po 

A 

Pq 

_ B 

Vo  2  V0 

Fig.  17.23 

Two  litres  of  water  (density  =  1  g/ml)  in  an  open- 
lid  insulated  kettle  is  heated  by  an  electric  heater 
of  power  1  kW.  The  heat  is  lost  from  the  lid  at  the 
rate  of  160  J/s.  The  time  taken  for  heating  water 
(specific  heat  capacity  4.2  kJ  kg-1  KT1)  from  20°C 

to  75°C  is 

(a)  340  s 

(b)  550  s 

(c)  620  s 

(d)  760  s 

<  IIT,  2005 

An  ideal  gas  is  expanding  such  that  FT'  =  constant. 
The  coefficient  of  volume  expansion  of  the  gas  is 

(a)  j 

(b)  j 

(c)  J 

(d)  \ 

53.  One  mole  of  a  monoatomic  ideal  gas  is  contained 
in  a  insulated  and  rigid  container.  It  is  heated  by 


IIT,  2008 
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SOLUTIONS 


1.  Let  T0  be  the  temperature  of  the  mixture.  Since  the 
total  internal  energy  remains  unchanged,  we  have 


U  of  mixture  =  U,  +  U0 


'vT2 


'1  1  ^2 

=>  («1  +  >h)  Cv  T0  =  n\  Cv  T\  +  n2  Cv 

=>  (nl+n2)  To  =  ni  Ti  +  ni  T2 
=>  (2  +  3)  T0  =  2T+  3  x  (2  T)  =  8  T 

Which  gives  T0  =  — 

.  „  ..  .  Z  1 R  .  _  5R 

2.  For  a  diatomic  gas  Cp  =  y  and  Cv  =  y 

A Q  =  n  CAT=-  nRAT 


AU=  n  C„  AT  =  —  nRAT 


From  the  first  law  of  thermodynamics 
AW=AQ 


A U=  -  nRAT-  -  nRAT 
2  2 


=  nRAT 

A  Q  :  AU:AW=7\  5  :  2 

3.  In  the  process  B  — >  A,  work  is  done  on  the  gas. 
Hence  (A W)B  A  =  -50  J.  Since  this  process  is 


adiabatic,  (A Q)B 


=  0.  From  the  first  law  of 


thermodynamics,  the  change  in  internal  energy  in 
this  process  is 

(AU)b^a  =  (AQ)b_a-{AW)b^a 
=  0  -  (-50)  =  +  50  J 

Since  the  process  is  cyclic,  there  is  no  net  change 
in  internal  energy.  Hence 
(AU)a  h>b  =  -  (AU)b_>a  =  -50  J 
4.  In  the  process  A  — >  B,  Lis  proportional  to  T.  Hence 
pressure  P  remains  constant.  Therefore,  heat 
energy  absorbed  in  this  process  is  ( v  Cp  =  7  RJ2  for 
a  diatomic  gas) 

(Q)A^B  =  nC„AT=nx7-?-  x  (2  T0-T0) 


=  —  nRT() 

2  0 

Process  B  — »  C  is  isothennal  in  which  the  gas  is 
compressed.  Hence  work  done  on  the  gas  in  this 
process  is 


(W)B^c=-nR(2T0)ln 


Vn 


2K 


oy 


=  -  2  nRTn  In 


\2  j 


=  2  nRT0  In  (2) 

.’.  y — ^A^>B  _  — Z —  which  is  choice  (a). 
{W)B_C  4  In  (2)’ 

5.  The  internal  energy  of  n  moles  of  an  ideal  gas 
temperature  T  is  given  by 

f 

U=  —  n  R  T 
2 

where /=  number  of  degrees  of  freedom. 

For  hydrogen,  /=  5.  Therefore 

U,  =  -  x  3  x  RT  =  —  RT 
2  2 

For  helium,  /=  3.  Therefore 

3  3 

U2=  ~  nR(T/2)  =  -  nRT 

Given  Ul  =  U2,  i.e. 

15  3 

—  RT = —  nRT 
2  4 

which  gives  n  =  10. 

6.  Given  T=  kV2.  Therefore  dT=  2  kVdVor 


dV  = 


dT 
2k  V 


nRT 


V 


Also  PV=nRT^>P  = 

3  T 

Work  done  W  =?  j  PdV 

T 

=  J  JdT 


T 
3  T 

J 


2kV 


nRT d  T 


2kV: 


nR 

ZT 


3T 


J  dT 


(v  kV2  = 


=  nRT 

So  the  correct  choice  is  (a). 

7.  Given  V  =  Z Z  •  Since  P  =  constant, 
P 
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dV  ikn  T{n~  1}  dT 
P 

Work  done  W=  \pdV  =  kn  J T(n~l)  dT 
=  kTn  +  c 

where  c  =  constant  of  integration.  Hence  the 
correct  choice  is  (b). 

8.  Since  the  volume  of  the  gas  is  constant, 

Px  _  Tx 


Pi 


(1) 


Now  P2  =  Px  +  0.02  Px  =  1.02  Px  and  T2  =  Tx  +  5. 
Using  these  values  in  Eq.  (1),  we  have 


Ti 


imp. 


i 

9.  PV2li  =  k 


71  +5 


Tx  =  250  K 


nRT 

V 


(1) 

.  Using 


Equation  of  state  is  PV=  nRT  =>P  = 

this  in  Eq.  (1)  we  get 

11 R  P  irU!  / 

-  x  V  =  k 

V 

or  T  V~1/3  =  —  =  constant 
nR 

Hence  V ^  71,  which  is  choice  (c). 

10.  Since  the  P  -  V  graph  is  a  straight  line  with  a 
positive  slope,  P  <=c  V 
or  PV _1  =  constant 

For  a  process  in  which  PVn  =  constant,  the  molar 
heat  capacity  is  given  by 
R  R 


C  = 


+  ■ 


(7-1)  (l-») 

5 

Putting  n  =  -  1  and  y=  —  (for  a  monoatomic  gas), 
we  have 


C  = 


R 


5-l 

3 


— — —  =  — +  —  =27? 
(1+1)  2  2 


W 

Q 


li.  w  =  i  -  4-  =  i 


=  0.5.  Therefore  Q  =  2W 

600 


=  2  x  800  =  1600  J.  Hence  the  correct  choice  is  (c). 

12.  T2  =  300  K.  Now  I)  =  1  -  T2/Tx.  When  tj  =  40%  = 
0.4,  the  value  of  Tx  is  given  by 

\  =  1  -  0.4  =  0.6 
Px 

T  300 

or  T,  =  -P-  =  -  =  500  K.  When  7]  =  60% 

1  0.6  0.6 

=  0.6,  the  value  of  71,  should  be 


T'i  = 


300 

04 


=  750  K 


.'.  T2  -  T2=  750  -  500  =  250  K,  which  is  choice  (a). 

13.  Process  AB  is  isochoric,  i.e.  the  volume  remains 
constant.  Thus  AV=  0.  Hence  work  done  PAV=  0. 
Process  BC  is  isobaric,  i.e.  the  pressure  remains 
constant  and  external  work  has  to  be  done.  The 
work  done  =Psx  (VD  -  VA)  =  8  xlO4  x  (5  x  10~3 
-  2  x  10~3)  =  240  J.  Therefore,  change  in  internal 
energy  is 


dU  =  dQ  -  dW  =  800  -  240  =  560  J 


Hence  the  correct  choice  is  (a). 

14.  Heat  energy  required  to  raise  the  temperature  of  n 
moles  of  a  gas  by  AT  at  constant  pressure  is 


Qp=n  Cp  At 

Heat  energy  required  to  raise  the  temperature  n 
moles  of  a  gas  by  AT1  at  constant  volume  is 

Qv=nCvAT,  ^ 


or 


c„ 


C_  „  37?/2  ^ 

Qv=  —  x  QD=  - x  Qd 

v  Cp  p  5R/2  p 


=  -  x  207  =  124.2  =  124  J 
5 

Hence  the  correct  choice  is  (d). 

15.  Work  done  =  area  enclosed  by  the  indicator 
diagram  ABC 

=  -  x  BC  x  AC 
2 


=  -  x  (4 P-P)x  (3V-  V) 
=  3  PV 


Hence  the  correct  choice  is  (b). 

16.  Number  of  moles  in  8  g  of  oxygen  (n)  =  ^  .  Now 

the  equation  of  state  for  n  moles  of  an  ideal  gas  is 

1  RT 

PV  =  n  R  T  =  -  x  RT  =  — 

4  4 

Hence  the  correct  choice  is  (b). 

17.  Expanding  the  equation  of  state  we  have 
PVC  +  aT2  V^1  =  RT+  b 

or  P  +•  aT 2  V~'  +  RT  jrc  +  bV~c 

or  P  =  AV~C  -  BV (i) 

where  A  =  RT  +  b  and  B  =  aT2.  We  are 

given  that 

P=  AVm  -  BVn  (ii) 
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Comparing  the  powers  of  V in  (i)  and  (ii)  we  get  m 
=  -  c  and  n  =  —  1 .  Hence  the  correct  choice  is  (a). 

18.  Now  Qp  =  n  Cp  AT  and  Qv  =  n  Cv  AT.  But  Qv  gives 
the  heat  energy  which  increases  the  internal  energy 
of  the  gas.  Thus  the  required  fraction  is 

a  =  QL  =  I  =  J_  =  3 

Qp  Cp  Y  5/3  5 


For  monoatomic  gas  y  =  —  J 

Hence  the  correct  choice  is  (b). 

19.  Given  Cp  ~  Cv=  4150  and  CJCV  =  1 .4  or  Cp  = 
1 .4  Cv.  Therefore, 

1.4  Cv  -  Cv=  4150 

or  Cv  =  =  10375  J  kg^1  K_1 

p  0.4 

Hence  the  correct  choice  is  (d). 


20.  Work  done  (PAV)  =  area  under  the  (P-V)  curve, 
which  is  the  largest  for  curve  3  and  the  smallest  for 
curve  1.  Hence  the  correct  choice  is  (b). 


21.  Volume  °c  (diameter)3.  Since  the  diameter  of  the 
bubble  is  doubled  in  rising  from  the  bottom  to  the 
top  of  the  lake,  its  volume  becomes  8  times.  Now 
PV  =  constant.  Therefore,  the  pressure  at  the  bot¬ 
tom  of  lake  =  8  times  that  at  the  top.  Let  P[  be  the 
depth  of  the  lake. 


H  Pwg=  (8*  -  h)  pmg 

or  H=  Ih  —  =  7  hp 

Pw 


Pm" 

Pw  J 


Hence  the  correct  choice  is  (c). 


22.  When  work  is  converted  into  heat  at  a  constant  tem¬ 
perature,  the  entropy  of  the  system  remains  con¬ 
stant.  Hence  the  correct  choice  is  (d). 


23.  Heat  energy  absorbed  =  work  done  =  area  of  the 
loop 

=  nr  =  nd2t\  =  ^  (30  10)2  =  102  n  joule 

which  is  choice  (c). 


24.  For  a  monoatomic  gas,  Cv  =  3R/2  and  for  a  diatomic 
gas,  Cv  =  5R/2.  Since  one  mole  of  each  gas  is  mixed 
together,  the  Cv  of  the  mixture  will 


"3  R  5R 

~Y  +  ^2 


2  R 


Now  Cp-  Cv=  R.  Therefore,  for  the  mixture,  Cp=R 
+  CV  =  R  +  2 R  =  3 R.  Hence,  the  ratio  of  the  specific 
heats  of  the  mixture  is 


=  S.  =  M.  =  3  =  j 
cv  2  R 


Thus  the  correct  choice  is  (a). 


25.  Let  AT  be  the  increase  in  temperature  when  the 
volume  of  the  gas  is  changed  by  AV  at  constant 
pressure.  The  change  in  internal  energy  of  n  moles 
of  a  gas  is  given  by 


AU=nCvAT  (i) 

We  know  that  Cp-  Cv  =  R 

CP  ,  R  „  C P 

or  —  =  1  +  — .  But  —  =  y. 

r  cc 

Therefore,  y=  1  +  — ,  which  gives 

Cv 


Cv  = 


R 


(r-i) 


(ii) 


Also  PV  =  n  RT.  At  constant  pressure,  when 
volume  changes  by  AV,  the  change  in  temperature 
AT  is  given  by 


PAV= nRAT 


or 


AT  = 


PAV 

nR 


PV 

nR 


(v  AV  =  2V  —  V  =  V)  (iii) 
Using  (ii)  and  (iii)  in  (i)  we  have 


A  U 


R  PV  PV 
X  (7-1)  X  nR  (/-I) 


Hence  the  correct  choice  is  (c). 

26.  Heat  is  given  to  the  gas  in  cylinder  A  at  constant 
pressure  while  the  same  amount  of  heat  is  given  to 
the  gas  in  cylinder  B  at  constant  volume.  Heat  given 
to  gas  in  A  is 

QA  =  nCpATA 

Heat  given  to  gas  in  B  is  QB  =  nCv  A TB 


Since  QA  =  QB,  we  have 


nCp  A Ta  =  nCv  A TB 

Cp  7 

or  ATT  =  —  AT,  =  —  x  30  K  =  42  K 

Cv  5 

(v  for  a  diatomic  gas,  CJCV  =  7/5) 

27.  The  equation  of  state  for  an  ideal  gas  of  mass  m  and 
molecular  mass  Mis 
m 

PV=  —  RT  (i) 

M 


For  an  isothermal  process,  T  =  constant.  Differen¬ 
tiating  (i)  partially  at  constant  T,  we  get 
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PAV  +  VAP  =  0 
or  A P  =  -  P 


AV 

V 


(ii) 


From  (i),  P  = 


mRT 


A P=- 


MV 
mRT 


MV 


.  Using  this  in  (ii),  we  get 
(v  AV=2V-  V=  V) 


m aRT  m„RT 

A P4  = - - -  and  A PR  =  - 

si  \  rxr  D 


MV 


MV 


Hence 


A PA  _?Va 

T\ 

rLV 

p-o .  | 

fLV 

A  PB  mB 

ll 

|t^ 

v  A ) 

l  A  j 

1 


Given  APg  =  1.5  A PA.  Therefore,  ~  =  — 


1-5 


m  r 


or  3  mA  =  2  mB. 


28.  The  speed  of  sound  in  a  gas  of  bulk  modulus  B  and 
density  p  is  given  by 


VAP 


Bulk  modulus  B  is  given  by  B  =  — 


AV 


Now,  for  a  perfect  gas,  PV  =  nRT.  Differentiating 
at  constant  T,  we  get 

VAP 

PAV  +  VAP  =  0  or  -  =  -  P 

AV 


Hence 


If  m  is  the  mass  of  the  gas  and  M  its  molecular 
mass,  then 

m  „  „  mRT 

=  pRT 


PV=  —  RT  or  PM  = 
M 


V 


or  —  = 


RT  ,  RT 
—  or  v  =  — 
M  M 


which 


29.  For  an  ideal  gas,  PV=nRT.  Since  pressure  P  is  kept 
constant, 

PAV=  nRAT 

AV  _  nR  _  nRV  _  V  (  nRT 

AT  P  nRT  TV  V 


or 


1  AV  1  _  1 

or  —  -  =  —  or  o  =  — 

V  AT  T  T 

Thus,  the  value  of  8  decreases  as  T  is  increased. 
Hence  the  correct  choice  is  (c). 

30.  For  adiabatic  process,  Tx  Vxy~ !)  =  T2  F2(r_ !).  Thus 


'i  _ 


For  a  monoatomic  gas,  y=  5/3.  Also  V2/Vl  =  L2/LX. 
Hence 

/Y 

,2/3 


31.  Since  the  slope  of  the  P—  V  graph  for  adiabatic 
expansion  is  /times  that  for  isothermal  expansion, 
curves  AB  and  AC  in  Fig.  17.24(a)  respectively 
represent  isothermal  and  adiabatic  expansions  of 
the  gas  from  initial  volume  Vx  to  final  volume  V2. 


V- 

(a) 


V — 
(b) 


Fig.  17.24 

As  the  area  under  curve  AB  between  volumes  F, 
and  F2  is  greater  than  the  area  under  curve  AC  be¬ 
tween  Fj  and  F2,  it  follows  that  Wx  >  W3. 

Figure  17.24  (b)  shows  the  P-V graph  for  isobaric 
(at  constant  pressure)  expansion  from  initial  vol¬ 
ume  Vx  and  pressure  Px  to  final  volume  F2;  the  pres¬ 
sure  remaining  unchanged  atiY  Comparing  figures 
(a)  and  (b)  we  find  that  the  area  under  AD  between 
volumes  Vx  and  V2  is  greater  than  the  area  under 
curves  AB  and  A  C.  Hence  W2  is  greater  than  Wx  and 
W3.  Hence  the  correct  choice  is  (a). 

32.  dQ  =  dU  +  dW.  In  an  adiabatic  process,  dQ  =  0. 
Hence  dU  =  -  dW  =  -  4.5  J.  Hence  the  correct 
choice  is  (b). 

33.  Given  Tx  =  0°C  =  273  K,  T2  =  400°C  =  673  K 

,  ,  TTr  nR  ,rr,  m  X  5X8.3X400 

Work  done  W  =  - (T2-Tx)  =  - 


(7-1) 


-1 
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=  41500  J  =  41.5  kJ 

By  convention,  the  work  done  on  the  gas  is  taken 
to  be  negative,  i.e.  W  =  -  41.5  kJ.  From  the  first 
law  of  thermodynamics  dQ  =  dU  +  dW.  For  an 
adiabatic  process,  dQ  =  0.  Flence  dU  =  -  dW  = 
-  (-  4 1 .5)  =  4 1 .5  kJ.  The  positive  sign  of  d U implies 
that  the  internal  energy  increases.  Flence  the  correct 
choice  is  (b). 

34.  For  an  adiabatic  process 
TPn  =  k 


for  a  diatomic  gas,  y(=  7/5)  is  than  that  for  a  mono- 
atomic  gas  for  which  y=  5/3.  Therefore,  the  slope 
of  the  P-  V  curve  is  less  for  a  diatomic  gas  than  for 
a  monoatomic  gas.  Flence  curve  1  corresponds  to 
diatomic  gas  and  curve  2  to  monoatomic  gas.  Thus 
the  correct  choice  is  (b). 

38.  Process  A  -»  B  occurs  at  constant  pressure. 
Hence  the  work  done  in  this  process  is  (see  figure 
ofQ.  38) 

WAB  =  PdV  =  P(V2  -  K,)  =  10  x  (2  -  1)  =  10  J 


where  n  =  - ,  y  =  —  and  k  is  a  constant. 

7  Cv 

Therefore, 


Since  n  =  constant  for  a  given  gas, 
p  oc  rry" 


Given  Poc  y3.  Hence  —  —  =  3  or 


7  =3,  which 


1-7 


gives  y  =  —  .  Hence  the  correct  choice  is  (d). 


35.  For  a  gas,  PV=  nRT.  Hence 


and 


(P)o2 


C^He 
(P)  He 


(1  mole)  RT 
V 

(1  mole)  R(2T) 
V 

=  2 


or  (.P)He  =  2(P)o2,  which  is  choice  (c). 

36.  From  the  first  law  of  thermodynamics,  we  have 
dU  =  dQ-  dW 


Given  dW  =  0  and  dQ  <  0.  Hence  the  change  in 
internal  energy  dU  <  0.  Now,  for  an  ideal  gas,  the 
internal  energy  can  decrease  only  by  decrease  in 
temperature.  Hence  the  correct  choice  is  (a). 

37.  For  an  adiabatic  process,  PV7=  constant,  Differen¬ 
tiating,  we  have 


yPV 7~l  +  —  Vr  =  0  or  —  = 
dV  dV 


yP 

~v 


Since  at  any  instant  PV  =  constant,  —  y,  i.e. 

dV 

the  slope  of  P-V  curve  is  proportional  to  y.  Now, 


Process  B  — >  C,  occurs  at  constant  volume.  Hence 
WBC  =  0.  Given  Q  =  5  J,  i.e.  total  work  done  is 
Wt  =  5  J.  Therefore,  we  have 

Wt  =  WAB  +  WBC  +  WCA 

or  5  =  10  +  0  +  WCA 

or  WCA  =  -  5  J,  which  is  choice  (a). 

39.  For  an  ideal  gas,  pV  =  nRT.  Differentiating,  we 
have  since  T  is  kept  constant 


Hence 


+  V=  0  or  —  = 
dp 


V 

P 


P  = 


UdV^ 
vydp  A 


p 


Therefore,  choice  (a)  correctly  represents  the  graph 
of  P  versus  p. 

40.  Since  AB  is  an  isothermal  process,  the  temperature 
of  the  gas  remains  constant  between  AB.  Hence 
the  P-T  diagram  must  be  perpendicular  to  the 
T-axis  between  A  and  B.  Hence  the  correct  choice 
is  (a). 

41.  pV7  =  constant.  For  a  given  mass  of  gas,  V  «=  —  . 

Hence  ^ 


—  =  constant 
d 7 


PL  =  Pi 
d7  d7 


or 


Pi 

P\ 


f  j  \ 


\d\  J 


(32)7/5  =  (2)7  =  128 


Hence  the  correct  choice  is  (c). 

Cp  R 

42.  A U=  G,  AT.  Now  C„  -  Cv  R  or  1  -  1  =  — 

U  p  U 

^ V 

R  C„ 

or  Cv  =  - ,  where  y  =  — .  Hence 

7-1  Cv 
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43. 


A  U  = 


RAT 


8.3x8 


=  166  J 


(7-1)  (1.4-1) 

Hence  the  correct  choice  (b). 

/77 

PV=  —  RT.  Therefore,  the  density  of  the  gas  is 
M 


m  PM  PmN  mP 
P  V~  RT  ~  RT  ~  kT 

Hence  the  correct  choice  is  (d). 

44.  Heat  energy  supplied  dQ  =  Cp  dT.  Change  in  inter¬ 
nal  energy  dU=  C,  dT.  Therefore,  work  done  dW= 
dQ  -  dU=  (Cp  -  Cv)dT. 


dW  =  (Cp  ~Cv)dT  =  ^ 

~dQ  CpdT  "  y 

5/3  5 

(v  7=  5/3  for  a  monoatomic  gas) 


Hence  the  correct  choice  is  (c). 

45.  Let  L  be  the  length  (in  cm)  of  the  hollow  cylinder 
and  r  its  radius.  Since  the  mass  of  the  gas  remains 
unchanged  and  the  pressures  of  the  gas  in  both  sides 
are  equal,  we  have,  from  Charles’  law, 


Tx  T2 


(1) 


Given  V1  =  ^  -  5  j  nr2,  V2  = 

Tx  =  0°C  =  273  K  and  T2  =  100°C  = 
these  values  in  (1),  we  get 


373  K.  Using 


273  373 


which  gives  L  =  64.6  cm. 

46.  For  an  isothermal  process:  PV=  constant  and  for  an 
adiabatic  process:  PV7  =  constant,  where  7  is  the 
ratio  of  the  two  specific  heats  (Cp/Cv)  of  the  gas. 
When  a  gas  is  compressed  from  a  volume  V  to  a 
volume  (V-  AV),  the  increase  in  pressure  is 

yA  VP 

(AP)adia  =  — — —  for  an  adiabatic  compression 
A  VP  , 

and  (AP)iso  =  —  for  an  isothennal  compression. 

Hence  P3  will  be  greater  than  Px.  Therefore,  the 
P—V  diagrams  of  isothermal  expansion  from  Vx, 
Px  to  V2,  7*2  and  adiabatic  compression  for  V2,  P2 


to  Vh  P3  are  as  shown  in  Fig.  17.25.  Let  Wx  and 
W2  be  the  work  done  in  isothermal  expansion  and 
adiabatic  compression  respectively.  Therefore,  net 
work  done  is 

W=WX  +  (-  W2)  =  wx-w2 


p 


Fig.  17.25 


Now,  the  area  under  the  adiabatic  curve  is  more 
than  that  under  the  isothermal  curve.  Hence 
W2  >  Wx.  Therefore,  W  <  0.  Hence  the  correct 
choice  is  (c). 

47.  Heat  produced  is  given  by 

^  =  (10)2  x(10x60)=  1200j 
R  50 

Since  the  container  is  rigid,  the  change  in  volume 
dV=  0.  Hence  work  done  dQ  =  PdV=  0.  From  the 
first  law  of  thermodynamics,  the  change  in  internal 
energy  is  dU=  dQ  -  dW=  dQ  =  1200  J.  Hence  the 
correct  choice  is  (d). 

48.  The  two  adiabatic  paths  ad  and  be  for  the  gas  inter¬ 
sect  the  two  isothermals  ab  and  cd  at  temperatures 
Tx  and  T2  (see  Fig.  17.18).  Since  points  a  and  d  lie 
on  the  same  adiabatic  path,  we  have 

TXV}7-  =T2Vj7  - 


or 


(  1/  0  7 - 

v  a  _  '  2 

UJ  Ti 


(1) 


Since  points  b  and  c  also  lie  on  the  same  adiabatic 
path, 

Tx  (Vbi7-  n  =  T2  Vc  {7~  !) 

(7-1) 

fv^ 


or 


_b 
\VeJ 


_  t2 


(2) 


'1 


From  (1)  and  (2),  we  get 


(y 


\Vdj 


n 

\vc  j 
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or 


k=  n 

Vd  vc 

Thus  the  correct  choice  is  (c). 

49.  Since  the  temperature  T remains  constant  along  the 
path  CA,  P  will  be  inversely  proportional  to  F along 
this  path.  Hence,  as  P  increases,  V  must  decrease 
in  a  nonlinear  fashion.  This  is  represented  by  the 
curve  CA  in  Fig.  17.26. 


Along  the  path  BC,  the  volume  V is  constant.  Hence 
the  graph  of  P  against  V  is  a  straight  line  perpen¬ 
dicular  to  the  F-axis.  On  a  P  -  V  diagram,  the  cor¬ 
responding  path  is  BC  as  shown  in  Fig.  17.26. 

For  the  path  AB,  V  is  directly  proportional  to  T 
pressure  remaining  constant.  The  corresponding 
path  AB  is,  therefore  a  straight  line  parallel  to  the 
F-axis.  Thus  the  cyclic  process  on  a  P—V  diagram 
is  represented  by  choice  (d)  in  Fig.  17.20. 


Fig.  17.26 

50.  Work  done  on  the  gas  is 

A W=  PAV=  P(Vf-  V,) 

=  1  x  105  x  (25  -  5)  x  10~3 
=  2000  J 

PV 

The  internal  energy  is  given  by  U  =  - 

(7-1) 


U{  = 


PV, 


■>  uf  = 


PV , 


/ 


(7-1)’  f  (7-1) 
Therefore,  change  in  internal  energy  is 
P 


A  U  =  Uf  -  U,  = 


(7-1) 


(Vf  -  V} 


1  x  105  x  (25  -  5)  x  10~3 
(1.4-1) 


=  5000  J 


From  the  first  law  of  thermodynamics,  the  heat 
energy  supplied  to  the  gas  is 


AQ  =  AW  +  AU  =  2000  +  5000 
=  7000  J 

which  is  choice  (d) 


51.  In  process  AB,  the  volume  F  increases  linearly 
with  temperature  T.  Hence  process  AB  is  isobaric 
(constant  pressure).  Therefore,  work  done  in  this 
process  is 


WAB  =  PAV  =  nRAT  (v  PV  =  nRT) 
“  nR(T,j 

=  3  x  8.3  x  (200  -  100)  =  2490  J 
Process  CA  is  isochoric  (constant  volume).  Hence 
work  done  in  this  process  WCA  =  0.  Since  the 
whole  process  ABCA  is  cyclic,  the  change  in  internal 
energy  in  the  complete  cycle  is  zero,  i.e.  A \J  =  0. 
Now,  from  the  first  law  of  thermodynamics,  (Given 
2  =  -  25 1 0  J) 

Q  =  AU+  W=  AU+  WAB+  WBC+  WCA 
or  -  2510=  0  +  2490  +  WBC  +  0 
or  WBC  =  -  2510  -  2490  =  -  5000  J 

The  negative  sign  shows  that  the  work  is  done 
by  the  gas.  Thus  the  correct  choice  is  (b). 

52.  At  atmospheric  pressure,  the  boiling  point  of  liquid 
oxygen  is  greater  than  50  K.  Therefore,  between  50 
K  and  300  K,  liquid  oxygen  undergoes  a  change  of 
state.  Hence  the  correct  choice  is  (c). 

53.  The  heat  energy  supplied  is 

A  Q=  I2  Rt 

=  (2)2  x  100  x  (10  x  60) 

=  240  x  103  J  =  240  kJ 


Since  AF=  0;  work  done  AW  =  0.  From  first  law 
of  thermodynamics,  AU  =  AQ  =  240  kJ.  Thus  the 
correct  choice  is  (d). 

54.  The  equation  of  straight  line  AB  is 

P  =  mV  +  c  (1) 

where  m  is  the  slope  and  c  is  the  intercept.  For 
points  A  and  B,  we  have 

2  P0=  mV0  +  c 

and  P0  =  m  (2  F0)  +  c 


These  equations  give  m  = - -  and  c  =  3  P{). 

Vo 


Now  PV=  nRT  =>  P  = 


nRT 


we  have 


F 


.  Using  this  in  Eq.  (1), 


T  =  —  0 mV 2  +  cV) 
nR 


(2) 


dT 

T  will  be  maximum  if  —  =  0  and 
dV 


d2T 

dV2 


<0. 


dT 


Differentiating  Eq.  (2)  w.r.t  to  F  and  putting  — 
«  dV 

=  0,  we  get 

2  mV  +  c  =  0 


which  gives 


T  = 

max 


V  — - 

2m 

1 


(37*0 )  =  9  P0V0 


4  nRm  4  nR 

Thus  the  correct  choice  is  (a). 


~P0/V0  4  nR 
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55.  Mass  of  2  litres  of  water  =  2  kg.  Heat  energy  needed 

nRT 

to  raise  the  temperature  of  2  kg  of  water  from  20°C 

P  = - .  Hence 

v 

to  75°C  is 

nRT 3 =  kV 

Q  =  2  x  (4.2  x  103)  x  55  =  4.62  x  105  J 

Differentiating  we  have 

If  t  is  the  time  taken,  heat  energy  supplied  by  the 

„  AV  InRT2 

heater  in  time  t  is 

3 nRT2 AT~  kAV  => 

Qx  =  (power  x  time)  =  1000  t  joule 

AT  k 

Heat  energy  lost  in  time  t  is 

Coefficient  of  volume  expansion  is 

Q2  =  160  t  joule 

AV  3nRT2 

7=  - = - 

Heat  energy  available  for  heating  water  is 

VAT  kV 

e,  =  0i-e2  =  84otj 

Using  V=  and  PT2  =  k  in  Eq.  (1), 

Equating  Q  =  Q',  we  get  t  -  550  s.  Thus  the 

P 

correct  choice  is  (b). 

3 

we  get  7  =  —  . 

56.  Given  PT2  =  A;  (constant).  From  PV=  nRT,  we  have 

7 

(1) 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


Fig.  17.27 


1.  Figure  17.27  is  the 
P-V  diagram  for  a 
Carnot  cycle.  In  this 
diagram, 

(a)  curve  AB  repre¬ 
sents  isothermal 
process  and  BC 
adiabatic  pro¬ 
cess 

(b)  curve  AB  repre¬ 
sents  adiabatic 

process  and  BC  isothennal  process 

(c)  curve  CD  represents  isothennal  process  and 
DA  adiabatic  process 

(d)  curve  CD  represents  adiabatic  process  and 
DA  isothermal  process. 

2.  Figure  17.28  shows  the  P-V  diagram  of  a  cyclic 
process.  If  dQ  is  the  heat  energy  supplied  to  the 
system,  dU  is  the  inter¬ 
nal  energy  of  the  sys¬ 
tem  and  dW  is  the  work 
done  by  the  system, 
then  which  of  the  fol¬ 
lowing  relations  is/are 
correct 

(a)  dQ  =  dUdW  V - 

(b) ^=°  Fig.  17.28 


(c)  dQ  =  dW 

(d)  dQ  =  ~dW 

If  A Q  represents  the  heat  energy  supplied  to  a 
system,  A U  the  increase  in  internal  energy  and  AW 
the  work  done  by  the  system,  then  which  of  the 
following  are  correct? 

(a)  A Q  =  AW  for  an  isothermal  process 

(b)  A \J  =  -  AW  for  an  adiabatic  process 

(c)  A U  =  A Q  for  an  isochoric  process 

(d)  A U  =  -  A Q  for  an  isobaric  process. 

The  initial  state  of  n  moles  of  an  ideal  gas  is  rep¬ 
resented  by  P j,  Vt,  T]  and  the  final  state  by  P2,  V2, 
TV  Wj  is  the  work  done  by  the  gas  in  an  isothermal 
process  {Tx  =  T2=  T)  and  Wa  in  an  adiabatic  pro¬ 
cess,  then 


(a)  Wt  =  nRT  loge 


(b)  Wj  =  nRT  loge 


'Vp 

V 


f  F>  \ 


V^2  J 


(c)  Wa  = 


(d)  Wa  = 


1 


(7-1) 

nR 

(7-1) 


{PXVX-P2V2) 


{Tx  -  T2) 
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5.  An  ideal  gas  having  initial  pressure  P,  volume  V 
and  temperature  T  is  allowed  to  expand  adiabati- 
cally  until  its  volume  becomes  5.66  V  while  its 
temperature  falls  to  772.  If  /  is  the  number  of 
degrees  of  freedom  of  gas  molecules  and  W  is  the 
work  done  by  the  gas  during  the  expansion,  then 

(a)  /=  3  (b)  /=  5 

5 PV  3 PV 

(c)  W  =  -  (d)  W=  - 

4  2 

<  IIT,  1990 

6.  An  ideal  gas  is  taken  through  a  cyclic  thermody¬ 
namic  process  involving  four  steps.  The  amounts 
of  heat  involved  in  these  steps  are  Qx  =  5960  J, 
£92  =  ~5585  J,  23  =  -2980  J  and g4  =  3645  Jrespec- 
tively.  The  corresponding  amounts  of  work  done 
are  Wx  =  2200  J ,W2  =  -  825  J  and  W3  =  -  1100  J 
and  W4  respectively.  The  efficiency  of  the  cycle  is 
rj.  Then 

(a)  W4  =  765  J  (b)  W4  =  275  J 

(c)  77  =  11%  (d)  T]  =  16% 

<  IIT,  1994 

7.  An  ideal  gas  has  pressure  P,  volume  V and  tempera¬ 
ture  T.  The  ratio  Cp!Cv  =  y  and  U  is  the  internal 
energy.  If  R  is  the  gas  constant,  then 

(a )  Cv=  —  (b)  U  =  nCv  T 

7-1 

(c)  U=  (d)  U  =  nC  T 

(7-1) 

8.  A  carnot’s  engine  whose  sink  is  at  27°C  has  an 
efficiency  of  25%. 

(a)  The  temperature  of  the  source  is  400  K. 

(b)  To  increase  efficiency  by  20%,  the  temperature 
of  the  source  should  be  increased  by  28.6°C. 

(c)  To  increase  efficiency  by  20%,  the  temperature 
of  the  sink  should  be  decreased  by  28.6  °C. 

(d)  If  the  heat  energy  supplied  to  the  engine  is 
800  J  per  cycle,  the  work  output  per  cycle  is 
200  J. 

9.  A  refrigerator  freezes  1  kg  of  water  at  0°C  in  3 
minutes.  The  room  temperature  is  27°C.  The  latent 
heat  of  fusion  of  ice  is  80  cal/g. 

(a)  Heat  extracted  from  water  is  3.36  x  10^  J. 

(b)  The  coefficient  of  performance  is  nearly  equal 
to  10. 

(c)  The  work  done  by  the  motor  is  nearly  3.36 
x  104  J. 

(d)  The  power  of  the  momter  is  nearly  20  kW. 

10.  Figure  17.29  shows  the  P-V  diagram  of  a  cyclic 

process  ABCA 


Fig.  17.29 

(a)  Work  done  in  process  A  — >  B  is  0.036  J. 

(b)  Work  done  in  process  7?  — >  C  is  -  0.024  J. 

(c)  Work  done  in  process  C  —>  A  is  zero. 

(d)  Work  done  in  cycle  ABCA  is  0.06  J. 

11.  Figure  17.30  shows  the  P—V  diagram  for  an  ideal 
gas.  From  the  graph,  we  conclude  that 

(a)  the  process  is  isothermal. 

(b)  the  internal  energy  of  the  gas  remains  constant. 

(c)  The  work  done  in  the  process  is  positive. 

(d)  the  heat  energy  absorbed  in  the  process  is 


zero. 


Fig.  17.30 

12.  Figure  17.3 1  shows  the  P-V  diagram  for  an  ideal 
gas.  From  the  graph  we  conclude  that 


Fig.  17.31 

(a)  the  process  A  — >  B  is  adiabatic. 

(b)  the  internal  energy  of  the  gas  increases  in  this 
process. 
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(c)  the  work  done  by  the  gas  =  area  of  triangle 
ABC. 

(d)  the  heat  energy  absorbed  by  the  gas  is  zero 
in  the  process. 


13.  n  moles  of  an  ideal  monoatomic  gas  is  kept  in  a 
closed  vessel  of  volume  0.0083  m3  at  a  tempera¬ 
ture  of  300  K  and  a  pressure  of  1.6  x  106  Pa.  Heat 
energy  of  2.49  x  1 04  J  is  supplied  to  the  gas.  Given 
R  =  8.3  Jmor1  KT1. 

(a)  The  value  of  n  =  5 

(b)  For  the  gas  Cp  =  20.75  J  mol  1  KT1 

(c)  The  Final  temperature  of  the  gas  is  402°C 

(d)  The  final  pressure  of  the  gas  is  3.6  x  106  Pa 

<  IIT,  1987 

14.  For  an  ideal  gas 

(a)  the  change  in  internal  energy  at  constant  pres¬ 
sure  when  the  temperature  of  n  moles  of  the 
gas  changes  by  AT  is  n  Cv  AT. 

(b)  the  change  in  internal  energy  of  the  gas  in  an 
adiabatic  process  is  equal  in  magnitude  to  the 
work  done  by  the  gas. 

(c)  the  internal  energy  does  not  change  in  an 
isothermal  process. 

(d)  no  heat  is  added  or  removed  in  an  adiabatic 
process. 

<  IIT,  1989 

15.  An  ideal  gas  is  taken  from  state  A  (pressure  P, 
volume  V)  to  state  B  (pressure  PI 2,  Volume  2  V) 
along  a  straight  line  in  the  P-V  diagram  as  shown 
in  Fig.  17.32.  Then 


Fig.  17.32 

(a)  the  work  done  by  the  gas  in  the  process  A  to 
B  exceeds  the  work  that  would  be  done  by  it 
if  the  system  were  taken  from  A  to  B  along 
the  isotherm. 

(b)  in  the  T-V  diagram,  the  path  AB  becomes  a 
part  of  a  parabola. 

(c)  in  the  P-T  diagram,  the  path  AB  becomes  a 
part  of  a  hyperbola. 


(d)  in  going  from  A  to  B,  the  temperature  T  of 
the  gas  first  increases  to  a  maximum  and  then 
decreases. 

Hut,  1993 

16.  One  mole  of  oxygen  at  27  °C  is  enclosed  in  a  ves¬ 
sel  which  is  thermally  insulated.  The  vessel  is 
moved  with  a  constant  speed  v  and  is  then  suddenly 
stopped.  The  process  results  in  a  rise  of  temperature 
of  the  gas  by  1  °C.  Then,  if  M=  molecular  mass  of 
oxygen. 

(a)  y (=  CrJCv)  =  5-  (b )Y=-5 


HlIT,  1996 

17.  Cv  and  Cp  denote  the  molar  specific  heat  capacities 
of  a  gas  at  constant  volume  and  constant  pressure, 
respectively.  Then 

(a)  Cp  -  Cv  is  larger  for  a  diatomic  ideal  gas  than 
for  a  monoatomic  ideal  gas 

(b)  Cp  +  Cv  is  larger  for  a  diatomic  ideal  gas  than 
for  a  monoatomic  ideal  gas 

(c)  Cp/Cv  is  larger  for  a  diatomic  ideal  gas  than 
for  a  monoatomic  ideal  gas 

(d)  Cp  ■  Cv  is  larger  for  a  diatomic  ideal  gas  than 
for  a  monoatomic  ideal  gas 

|  IIT,  2009 

18.  Figure  17.33  shows  the  P-V  plot  of  an  ideal  gas 
taken  through  a  cycle  ABCDA.  The  part  ABC  is  a 
semi-circle  and  CDA  is  half  of  an  ellipse.  Then, 

3 
2 
1 
0 


Fig.  17.33 


(a)  the  process  during  the  path  A  — >  B  is  isother¬ 
mal 

(b)  heat  flows  out  of  the  gas  during  the  path 
B  ->  C  ->  D 

(c)  work  done  during  the  path  A  — >  B  — >  C  is 
zero 

(d)  positive  work  is  done  by  the  gas  in  the  cycle 
ABCDA 


<  IIT,  2009 
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ANSWERS  AND  SOLUTIONS 


1.  For  adiabatic  process,  PVy=  constant.  Differentiating 
w.r.t  V  we  get 

—  VY+PyV^l  =  0 
dV 

dP  _  yP 


For  isothermal  process,  PV=  constant.  Flence 
dP  _  P 
dV  V 

Now,  dP/dV  is  the  slope  of  the  (P-V)  graph.  Thus, 
the  slope  of  the  (P-V)  graph  for  an  adiabatic  pro¬ 
cess  is  y  times  that  for  an  isothermal  process. 
Flence  curves  BC  and  DA  both  represent  adiabatic 
process  and  curves  AB  and  CD  both  represent 
isothermal  process.  Thus  the  correct  choices  are 
(a)  and  (c). 

2.  In  a  cyclic  process,  the  system  returns  to  its  initial 
state.  Flence  the  change  in  internal  energy  dU=  0. 
Therefore,  choice  (b)  is  correct.  From  the  first  law 
of  thermodynamics, 

dQ  =  dU  +  dW  =  dW  (v  dU  =  0) 
Flence  choice  (c)  is  also  correct. 

3.  AW  =  PAV  and  A U  =  nCv  AT  and  y=  CJCV.  Also 
AQ  =  AU+AW. 

For  an  isothennal  process,  AT  =  0.  Therefore  A U 
=  0.  Flence  A Q  =  AW,  which  is  choice  (a).  For  an 
adiabatic  process  A Q  =  0.  So  AU=  —  AW,  which  is 
choice  (b).  For  an  isochoric  process,  A W=  0,  so  A Q 
=  A U,  which  is  choice  (c).  For  an  isobaric  process, 
A Q  =  A U  +  AW.  So  choice  (d)  is  wrong. 

4.  All  the  four  choices  are  correct. 

5.  For  an  adiabatic  change  the  relation  between  T 
and  Vis 

C 

yy  (7-  t)  _  constant;  y  =  —P 

C 

{vj  r 

Given  V'  =  5.66  V  and  T'  =  —  .  Therefore, 

2 

(5.66)<r  1}  =  2 

Taking  logarithm  of  both  sides,  we  have 
(y-  1)  log  (5.66)  =  log  (2) 


or 


,  log(2)  ,  0.3010 

7=  1  +  - =  1  +  - 

log(5.66)  0.7528 


Since  y=  1.4,  the  gas  is  diatomic.  For  a  diatomic 
gas,  the  number  of  degrees  of  freedom  of  the  mol¬ 
ecules  =  5. 

We  know  that  the  work  done  by  the  gas  during  adia¬ 
batic  expansion  is  given  by 

w=  — l—  (pv-p'n  (i) 

(7-1) 

where  pressure  P'  after  expansion  is  obtained  from 
the  relation 

P'V'  _  PV 

r  t 

V  T' 

or  P'  =  Px  —  x  — 

V'  T 


„  V  772  P 

=  p  _  x  _  =  _ 

5.66F  T  11.32 
P 

Putting  7  =  1.4,  F  =  5.66  V  and  P'  =  -  in 

‘  11.32 

Eq.  (1),  We  have 

W=  - - -  |PF-  — x 5.66E] 

(1.4-1)  1  11.32  J 

=  —  (  PV  -  —PV I  =  1.25  PV 
0.4  l.  2  ) 


So  the  correct  choices  are  (b)  and  (c). 

6.  Since  W2  and  W3  are  negative,  it  means  that  the 
work  is  done  on  the  gas.  Hence  Q2  and  Q3  are  nega¬ 
tive  which  implies  that  heat  is  evolved  in  process¬ 
es  2  and  3.  Since  Qx  and  QA  are  positive,  heat  is 
absorbed  by  the  gas  in  processes  1  and  4.  As 
( Qi  +  Q 4)  is  greater  than  ( Q2  +  Q3),  the  gas  absorbs 
a  net  amount  of  heat  energy  in  a  complete  cycle, 
which  is  given  by 

&Q  =  Q\  +  Qi  +  03  +  Q4 

=  5960  -  5585  -  2980  +  3645 


=  1040  joule 


The  net  work  done  by  the  gas  is 

A  W=  W1  +  W2+  W3+  W4 
=  2200  -  825  -  1100  +  W4 
=  (275  +  W4)  joule 

Since  the  process  is  cyclic,  the  change  in  internal 
energy  A U  =  0.  From  the  first  law  of  thermody¬ 
namics, 
we  have 

A W=  AQ  -  AU=  A Q 
or  275  +  W4  =  1040  or  W4=  1040-275 

=  765  J 


=  1  +0.4=  1.4 


Thermodynamics  (Isothermal  and  Adiabatic  Processes)  17.25 


Efficiency  of  the  cycle  is  defined  as 

net  work  done  by  the  gas 

n  =  - 

total  heat  absorbed  by  the  gas 

AW  =  275  +  765 

Qi  +  04  5960  +  3645 

=  =  0.1083  =  10.83% 

9605 

-  11% 

Thus  the  correct  choices  are  (a)  and  (c). 

7.  The  internal  energy  of  n  moles  of  an  ideal  gas  at 
absolute  temperature  T  is  given  by 

U  =  nCvT  (1) 

where  Cv  is  the  molar  specific  heat  at  constant  vol¬ 
ume.  We  know  that 

C  —  Cv  =  R  or  ^-1  =  — 


,  R  n  R 

or  y-  1  =  —  or  =  - 

Cv  7-1 


(2) 


Now,  the  ideal  gas  equation  for  n  nodes  is 

PV 

PV  =  nRT  or  n  =  -  (3) 

RT 

Using  (2)  and  (3)  in  (1),  we  have 


PV  R 
-  x  - 

RT  7-1 


x 


T  = 


PV 

(7-1) 


Hence  the  correct  choices  are  (a),  (b)  and  (c). 
8.  (a)  T2  =  27°C  =  300  K,  efficiency  77  =  0.25. 


T  300 

rj  =  1 - -  — 0.25  =  1 - which  gives 

Tx  Tx 

Tx  =  400  K.  So  choice  (a)  is  correct. 

(b)  Increase  in  efficiency  =  20%  of  0.25  =  0.05.  So 
new  efficiency  is  T)'  =  0.25  +  0.05  =  0.30.  The 
new  temperature  of  the  source  should  be  7  \  so 
that 


0.30  =1 - 2  =  1  - 

V 


300 


which  gives  T{=  428.6  K.  So,  increase  in  tem¬ 
perature  of  the  source  =  Tx  -  7',  428.6  -  400 

=  28.6  K  or  °C.  So  choice  (b)  is  also  correct, 
(c)  The  new  temperature  TV  of  the  sink  should  be 
such  that 

TP  TP 

0.30  =1-  2-  *1 - 2_ 

7]  400 

which  gives  T2  =  280  K  =  7°C.  Decrease  in 
temperature  of  the  sink  is  27°C  -  7°C  =  20°C, 
choice  (c)  is  wrong. 


(d)  Work  output  =  Qrj  =  800  x  0.25  =  200  J.  So 
choice  (d)  is  correct. 

9.  (a)  Heat  extracted  from  water  is  Q2  =  mL  =  1 03  x 
80  =  80,000  J  =  80,000  x  4.2  =  3.36  x  105  J.  So 
choice  (a)  is  correct. 


10. 


(b)  P  = 


273 


T\  ~T2 


is  correct. 

(c)  W=%  = 


300-273 
3.36x10s 


-  10.  Choice  (b) 


10 


3.36  x  104  J,  which 


is  choice  (c) 

(d)  0i  =  Qi  +  W  =  3.36  x  10s  +  3.36  x  104 
=  37  x  104  J 

Power  =  —  =  22x10  J  _  ^  choice 

t  180s 

(d)  is  also  correct. 

WA  _,B  =  Area  of  ABED  =  -  BCxAC+CDxDE 

1  ^ 

=  -  (6  x  10~3  m3)  x  4  Nnf2  +  4  NnT2x  6  x  10_3m3 

2 

=  0.012  +  0.024  =  0.036  J 


WB  c  =  Area  of  BCDE  =  -  0.024  J.  The  negative 
sign  shows  that  the  work  is  done  on  the  gas. 

Wc  _^A  =  PAV  =  0  because  AV=  0. 

Work  done  in  complete  cycle  =  0.036  -  0.024  +  0 

=  0.012  J 

Hence  the  correct  choices  are  (a),  (b)  and  (c). 

11.  For  point  A,  PV=  5  x  (2  X  10~3)=  10  X  10  3  J 
For  point  B,  PV=  2  x  (5  x  10~3)=  10  x  10  3  J 
Since  PV=  constant,  the  process  is  isothermal.  For 
an  isothermal  process,  A U  =  0.  Since  the  gas  un¬ 
dergoes  expansion  AIT  is  positive  and  A 0  =  AW. 
Hence  the  correct  choices  are  (a),  (b)  and  (c). 

12.  The  P—V  graph  for  an  adiabatic  process  is  not  a 
straight-line.  Hence  choice  (a)  is  wrong.  PA  VA 
=  n  RTa  and  PB  VB  =  n  R  TB.  Therefore 

PAVA  =  T^  6x\_  Ta  =l 

PBVB  Tb^2x4^Tb  4’ 

i-e-  Tb  >  Ta.  Hence  the  internal  energy  increases. 

Work  done  =  area  under  AB  upto  the  volume  axis. 

Heat  energy  is  absorbed  in  the  process.  Hence  the 

only  correct  choice  is  (b). 

13.  (a)  PV=  nRT  =>  «  =  — 

RT 

_  (1,6  xl06)x  0.0083  =  16 
8.3x300  T 
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5  R  5 

(b)  For  a  monoatomic  gas  Cp  =  —  =  —  x  8.3 
=  20.75  J  moE1  K_1 

3/? 

(c)  A Q  =  n  Cv  AT-  Cv  =  — 


AT  = 


A Q  _  2A Q  _  2  x  2.49  x  104 


nC„ 


3  nR 


3  x  —  x  8.3 
3 


=  375  K 

.•.  Final  temperature  =  300  +  375  =  675  K 
=  402°C. 

/JX  P2  P,  n  P,  x  T2  1.6  x  106  x  675 

(d)  —  —  —  =>  —  -  —  - 

T2  7j  7j  300 

=  3.6  x  106  Pa 

Thus  the  correct  choices  are  (b),  (c)  and  (d). 

14.  (a)  A U  =  n  Cv  AT 

(b)  A Q  =  A U  +  AW.  For  an  adiabatic  process, 
A Q  =  0.  Hence  0  =  AU  +  AW  or  |AL|  =  \AW\. 

(c)  For  an  isothermal  process,  AT  =  0,  Hence 
A  U=  0. 

(d)  For  an  adiabatic  process,  A Q  =  0. 

All  the  four  choices  are  correct. 

15.  (a)  Work  done  in  process  A  to  B  is  (see  Fig.  17.34) 

Wl  =  area  of  trapezium  ABCD 

-ip+A]  V=1£L 
2)  2 


3RT 


(for  1  mole) 


Fig.  17.34 

If  the  process  A  to  B  were  isothermal,  the 
work  done  would  be 


W2  =  RT  logc 


fV2' 


\V\J 


=  RT  log0(2)  =  0.69  RT 


Thus  Wx  >  W2.  So  choice  (a)  is  correct. 


(b)  Let  P0  and  V0  be  the  intercepts  on  the  P  and 
V  axes.  The  equation  of  straight  line  AB  is 


Pi D 


P  =  —  ~  (V-  V0) 

VQ 

P  V  , 

=>  - 1 - —  1 

P0  v0 

RT 

Since  P  =  - ,  Eq.  (1)  becomes 

RT  V  ,  P0V  P0  V2 

■  +  —  =  1  =>  T  =  0  0 


(1) 


VP,  V0 


R  RVa 


which  represents  a  parabola  on  the  T-V graph. 
So  choice  (b)  is  also  correct. 


RT 

(c)  Since  V=  ,  Eq.  (1)  becomes 

P  RT  ,  ^  „  VnP2 

—  + -  =  l=>T=FnP-  0 


Po  PV0 


RP0 


(2) 


which  does  not  represent  a  hyperbola.  So 
choice  (c)  is  incorrect. 

(d)  If  follows  from  Eq.  (2)  above  that  choice  (d) 
is  correct. 

16.  Oxygen  is  diatomic;  it  has  5  degrees  of  freedom. 
Therefore,  Cv  =  5  R/2  and  Cp  =  7  R/2.  So  7  = 
CJCV  =  7/5.  The  kinetic  energy  of  oxygen  mol- 

1  2  , 

ecules  with  a  velocity  vQ=  —  M  v  ,  where  M  = 

molecular  weight  of  oxygen. 

Now  heat  energy  =  Cv  dT=  Cv  X  1  =  Cv 


Cp  R 

But  C„  —  C„=  R  or  -£-  -1=  — 

C„  C, 


-'p 


R  R 

or  (7-  1)  =  —  or  Cv  =  - - - 

Cv  (7  - 1) 

Therefore,  —  Mv2  =  — — — 

2  (7-I) 


or 


v  = 


2  R 


\M  (7  -1) 

So  the  correct  choices  are  (b)  and  (d). 

7 R  ^ 

17.  (Cp  +  Cv)  for  diatomic  gas  =  —  +  —  =6  R 

5R  3  R 

(C„  +  Cv)  for  monoatomic  gas  = - 1 - =4  R 


2  2 


Cp  ■  Cv  for  diatomic  gas  = 


35  R1 


Cp  ■  Cv  for  monoatomic  gas  = 


15  R~ 
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— -  =y=l+  —  is  smaller  for  diatomic  gas  than 

cv  / 

for  monoatomic  gas. 

Cp  ^  Cv  =  R. 

Hence  the  correct  choices  are  (b)  and  (d). 

18.  Choice  (a)  is  incorrect  as  the  slope  of  the  graph  for 
process  A  -+  B  increases  with  V.  Choice  (b)  is  cor¬ 
rect.  For  the  process  B  — »  C  — >  D,  volume  is  decreas¬ 
ing.  Hence  work  done  is  negative  (W <  0).  Also 


A U  =  — Lul  is  negative  because  VD  <  VB. 

7-1 

From  A Q  =  A U  +  W,  we  find  that  A Q  is  negative, 

i.e.  heat  flows  out  of  the  gas  in  process  B  — >  C  — >  D. 
Choice  (c)  is  wrong  because  area  under  the  graph  A 
— >  i?  — >  C  is  not  zero.  Choice  (d)  is  correct  because 
the  cyclic  process  is  clockwise.  Hence  the  correct 
choices  are  (b)  and  (d). 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 


Three  moles  of  an  ideal  gas 


at  pressure  PA 


and  temperature  TA  are  isothermally  expanded  to  twice  the 
original  volume.  The  gas  is  then  compressed  at  constant 
pressure  to  its  original  volume.  Finally  the  gas  is  heated 
at  constant  volume  to  its  original  pressure  PA. 


<  I  IT,  1991 

1.  Which  of  the  graphs  shown  in  Fig.  17.35  represents 
the  P  —  V  diagram  for  the  complete  process? 


V— 


(a) 


(c) 


Fig.  17.35 

SOLUTION 

1.  During  isothermal  process  A  — >  B,  P  .  During 

isobaric  process  (B  — >  Q,  P  =  constant  and  during 
isochoric  process  (C  — >  A),  V  =  constant.  Hence  the 
correct/1-  V  diagram  of  the  complete  process  is  (c). 


2.  Which  of  the  graphs  shown  in  Fig.  17.36  represents 
the  P  —T  diagram  for  the  complete  process? 


T—*~ 


(d) 

17.36 


3.  The  net  work  done  AJV  by  the  gas  during  the 
complete  process  is  ( R  is  the  gas  constant). 

(a)  0.5  RTa  (b)  0.58  RTA 

(c)  0.64  RTa  (d)  RTa 

4.  The  net  heat  energy  supplied  to  the  gas  in  the  com¬ 
plete  process  is 

(a)  zero  (b)  equal  to  AIT 

(c)  less  than  AW  (d)  greater  than  AW 


2.  During  isothermal  process  (A  —>  B ),  T  =  constant. 
During  isobaric  process  ( B  — >  C),  P  =  constant  and 
during  isochoric  process  (C  —>  A),  P  °c  T.  Hence 
the  correct/*  —  T  diagram  for  the  complete  process 
is  (a). 
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3.  For  process  A  — >  B,  PA  VA  =  PB  VB  which  gives  PB 

p 

=  -y-  because  VB  =  2VA  (given). 

For  process  B  — >  C,  —  =  —  .  Since  VB  =  2VA  and 
tb  Tc 

Vc  =  VA  and  TB  =  TA,  we  get  Tc  =  .  Also  Pc  =  PB 

_  Pa 


P  P  P 

For  process  C  — »  A,  —  =  —  .  Since  Pc  =  —  ; 


TC  T a  2 


ta  =  2  Re¬ 


work  done  is  isothermal  process  A  — >  B  is 


WAB  =  nRT  logc 


\VAJ 


=  3  RTa  loge  (2) 


(2) 


Work  done  in  isobaric  process  B  — >  C  is 

=  _rjA._lRT 
2  2  A 

Work  done  is  isochoric  process  C  — >  A  is  WCA  =  0 
Total  work  done 

AW  =  3  RTa  loge  (2)  -  ^  RTa 

=  3  /?7^  (0.693  -  0.5)  =  0.58  RTA 
Thus  the  correct  choice  is  (b). 

4.  Since  the  process  is  cyclic,  A U=  0.  From  A Q  =  A U + 
AW,  we  get  A Q  =  AW.  So  the  correct  choice  is  (b). 


Questions  5  to  9  are  based  on  the  following  passage 
Passage  II 

Two  moles  of  an  ideal  gas  at  volume  V,  pressure  2  P  and 
temperature  T undergo  a  cyclic  process  ABCDA  as  shown 
in  Fig.  17.37. 


2  P 


a)  P 

dI 


u 

T  47/3 

Temperature  — ~- 

Fig.  17.37 


<  IIT,  1992 


(a) 

V 

3 

(b) 

(c) 

V 

(d) 

5.  The  volume  ( VB )  of  the  gas  in  state  B  is 

2V_ 

3 

4V_ 

3 

SOLUTION 

5.  For  isobaric  process  A  — >  B, 

Ia  =  Zjl^v  =  =  Vx4TI3  = 

Ta  Tb  b  Ta  T  3 

So  the  correct  choice  is  (d). 

6.  For  isothermal  process  B  — >  C, 


PBVB  =  Pr  V, 


c  rc 


w  _  PBVB  _  2P  x  4F/3  _  W 

v  r  “  “  r-  ■ 


which  is  choice  (a). 


6.  The  volume  (Vc)  of  the  gas  in  state  C  is 

(b)  2  V 


(a)  ^ 
3 


,  ,  4L 

(c)  — 
3 


2V 

(d)  — 
3 


7.  The  volume  ( VD)  of  the  gas  in  state  D  is 

(a)  V  (b)  2  V 

(c)  3  V  (d)  4  V 

8.  The  net  work  done  ( AW)  in  the  complete  cycle  is 

(a)  2  RT  (b)  2  RT  loge(2) 


(c)  -  RT 
3 


(d)  -  RT  loge(2) 


9.  The  net  change  (A Q)  in  the  heat  energy  in  the  com¬ 
plete  process  is 

(a)  zero  (b)  greater  than  AW 

(c)  less  than  AW  (d)  equal  to  AW. 


7.  For  isobaric  process  C  —>  D, 

vc  _VD  v  T/r  _  VdTd  _  8V/3  XT 

-  -  V  D 


Tc  Td  "  Tc  4T/3 
Hence  the  correct  choice  is  (b). 

8-  Wab  =  Pa(Vb-Va)  =  2Px(^-v)  = 


=  2V 


2PV 


WBC  =  nRTB  loge 


<V,' 


\VBJ 


=  2  xR  x—  log,  (^-]  =  -  RT\ogc(2) 
3  U^/3  J  3 

A  2PV 

Wcd  =  Pc(Vd-Vc)  =  Px\2V-—\  =  -  — 


WDA  =  nRTD  loge 


=  2xRxT\oge  I — 


=  2RT\oge  -  =  -2*7Toge(2) 


Questions  10  to  12  are  based  on  the  following  passage 
Passage  III 

A  gaseous  mixture  enclosed  in  a  vessel  of  volume  V 

consists  of  one  gram  mole  of  a  gas  A  with  y(=  Cp/Cv)  =  — 

7  3 

and  another  gas  B  with  y=  —  at  a  certain  temperature  T. 

The  gram  molecular  weights  of  gases  A  and  B  are  4  and 
32  respectively.  The  gases  do  not  react  with  each  other  and 
are  assumed  to  be  ideal.  The  gaseous  mixture  follows  the 
relation  PV~X9ln  =  constant  in  an  adiabatic  process. 

<  IIT,  1995 

10.  The  number  of  moles  of  gas  B  in  the  gaseous 
mixture  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

SOLUTION 

10.  Let  nA  and  nB  be  the  number  of  moles  of  gases  A 
and  B  respectively  and  let  (CV)A  and  (CV)E  be  their 
respective  molar  specific  heats  at  constant  volume. 
Since  the  gases  do  not  react  with  each  other  and  are 
assumed  to  be  ideal,  the  internal  molecular  kinetic 
energy  before  and  after  the  gases  are  mixed  must 
be  the  same.  Hence 

»A  ( Cv  )aT+  ub(Cv)b  T  =  (»A  +  nB  )  (Cv  )m  T 
where  (Cv )  m  is  the  molar  specific  heat  of  the  mix¬ 
ture  at  constant  volume.  Now 

(CV)A=  -^-,(cv)B= 

(Ya  ~  1)  (Yb  ~  1) 


and  ( t  ';  ■  )  m 

KYrn  - !) 

Therefore, 

nA  +  nB  =  K  +”j) 

(Ya  ~  ')  ( Yb  ~  1)  (Y,„  ~  1) 


(1) 
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11.  Adiabatic  compressibility  /3  of  the  mixture  is 
defined  as 

13  =  --.—  (2) 

V  A  P 

We  are  given  that 

PV Ym  =  constant 

,  19 

where  ym=  —  .  Partially  differentiating,  we  have 

A  PV7’"  +  Ym  PV7m~'  AV=  0 

yr-  V 


or 


AV 
A  P 


YmPV 

1 


Ym 


Y  P 

1  m 


or 


1  AV  _ 

~v  a  ~p~^p 

Using  (3)  in  (2),  we  get 


(3) 


13=  —  =  — , 

7m  P  19 P 

which  is  choice  (c). 

12.  We  know  that  the  speed  of  sound  in  a  gas  is  propor¬ 
tional  to  the  square  root  of  absolute  temperature,  i.e. 
v  =  kT112;  k  =  constant 

Taking  logarithm,  log  v  =  log  k  +  ^  log  T 

Sv  1  ST 

Differentiating,  —  =  0  +  — 

1  IK  _  1 

~  2  X  300K  _  600 

Percentage  change 

5v  nn  100  1 

—  x  100  =  -  =  -% 

v  600  6 

So  the  correct  choice  is  (b). 


Questions  13  to  15  are  based  on  the  following  passage 
Passage  IV 

Two  moles  of  a  monoatomic  ideal  gas  occupy  a  volume 
V  at  27 °C.  The  gas  is  expanded  adiabatically  to  volume 
2  \fl  V.  Gas  constant  R  =  8.3  JK-1  mol-1. 

<  IIT,  1996 

13.  The  final  temperature  of  the  gas  is 


SOLUTION 


(b)  150  K 


(c)  150V2  K  (d)  13.6°C 

14.  The  change  in  the  internal  energy  of  the  gas  in  this 
process  is 

(a)  -  3735  J  (b)  1245  J 

(c)  -  2490  J  (d)  +  3735  J 

15.  The  work  done  by  the  gas  during  the  process  is 

(a)  1245  J  (b)  1660  J 

(c)  2490  J  (d)  3735  J 


13.  Tx  =  300  K,  Vx  =  V,  V2  =  2  V. 

Let  T2  be  the  final  temperature  of  the  gas.  T2  is 
obtained  from  the  adiabatic  relation 


T\  Vx  (r-1)=  T2  V2 


(7- 1) 


or 


Ti  =  T,  x 


7v  ^-1) 


kV2j 


For  a  monoatomic  gas  y  =  — .  Therefore, 


r-"300  x  I2V2J  ^150K 

So  the  correct  choice  is  (b). 


2/3 


14.  A U=nCv(T2-Tl) 


3  R 


For  a  monoatomic  gas  Cv  =  —  .  Therefore, 

A U=  2  x  |  x  8.3  x  (150  -  300)  =  -  3735  J 

The  negative  sign  implies  that  the  internal  energy 
decreases  in  this  process.  So  the  correct  choice  is  (a). 
15.  For  a  adiabatic  process,  A Q  =  0.  Flence  A W=  -  A U 
=  3735  J,  which  is  choice  (d). 


Questions  16  to  21  are  based  on  the  following  passage 
Passage  V 

A  sample  of  2  kg  of  monoatomic  helium  (assumed  ideal) 
is  taken  through  the  process  ABC  and  another  sample  of 
2  kg  of  the  same  gas  is  taken  through  the  process  ADC  as 


shown  in  Fig.  17.38.  The  molecular  mass  =  4  and  R  =  8.3 

H  IIT,  1997 


J  K-1  mol-1 


16.  The  temperature  of  state  A  is 

(a)  100  K  (b)  200  K 

(c)  300  K  (d)  415  K 
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Fig.  17.38 

17.  The  temperature  state  B  is 

(a)  150  K  (b)  200  K 

(c)  415  K  (d)  830  K 

SOLUTION 

16.  Number  of  moles  of  helium  is 


masstn  gram 

n  =  - - -  = 

molecular  mass 

From  equation  state  at  A, 


2000 


=  500 


PA  VA  =  n  R  Ta 


T  _  PaVa 

1A 


_  4.15  x  104  x  10 
500x8.3 

So  the  correct  choice  is  (a) 

17.  For  isochoric  process  A  — >B, 

Tb  _  PB  8.3  x  104 

la  ia  4.15  x  104 


nR 

=  100  K 


=  2. 


ta  pa 

Thus  Tb=  2  Ta  =  200  K,  which  is  choice  (b). 
18.  For  isobaric  process  B  — >  C, 

TJL  =  Yc_  =  20  = 

Tb  Vb  10 

Thus  Tc  =  2  Tb  =  400  K,  which  is  choice  (c). 


18.  The  temperature  of  state  C  is 

(a)  150  K  (b)  300  K 

(c)  400  K  (d)  415  K 

19.  The  temperature  of  state  D  is 

(a)  830  K  (b)  415  K 

(c)  300  K  (d)  200  K 

20.  The  work  done  in  process  ABC  is 


(a)  4.15  x  104  J 


(b)  8.30  x  104  J 


(c)  4.15  x  103  J  (d)  8.30  x  103  J 

21.  The  heat  supplied  in  process  ADC  is  nearly  equal 
to 


(a)  1.8  x  106  J 
(c)  2.0  x  106  J 


(b)  1.9  x  106  J 
(d)  2.1  x  106  J 


19.  For  isobaric  process  A  — >  D, 

Id  =  Ed  =  20  =2 
Ta  Pa  10 

which  gives  TD  =  2  TA  =  200  K.  So  the  correct 
choice  is  (d). 

20.  Work  done  in  process  ABC  is 

W=WAB+WBC=  0  +  PB(VC  -  VB) 

=  8.3  x  104  (20  -  10)  =  8.3  x  103  J 
Thus  the  correct  choice  is  (d). 

21.  From  AU  =  n  Cv  AT,  heat  energy  in  process  ADC 
is  ( .'.  for  a  monoatomic  gas  Cv  =  3  R/2) 

A  Q  =  ( AU)ADC  +  (AIV)ADC 

=  n  Cv(Tc  -  Ta)  +  PA(VD  -  VA) 


=  500  x  x  83 J  x  (400  - 100) 

+  4.15  x  104  (20  -  10) 
=  1.87  x  106  J,  which  is  choice  (b). 


Questions  22  to  25  are  based  on  the  following  passage 
Passage  VI 

One  mole  of  an  ideal  monoatomic  gas  is  taken  round  the 
cyclic  process  ABCA  as  shown  in  Fig.  17.39. 

<  II T,  1998 


22.  The  work  done  by  the  gas  is 

(a)  P0V0  (b)  2P0V0 

(c)  3 P0V0  (d)  4 P0V0 

23.  The  heat  energy  rejected  by  the  gas  in  the  process 
C  A  is 


(a)  _  ~~~ 


(c)  - 


5  P0V, 


(b)-^ 


(d)  -  3  P0V0 


24.  The  heat  energy  absorbed  by  the  gas  in  the  process 
A  — >  B  is 


(a)  P0  V0 


(b) 


3  P0V0 
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(c)  5PfL  (d)  3  P0  V0 

25.  The  net  heat  energy  rejected  or  absorbed  by  the  gas 
in  the  process  B  — >  C  is 

SOLUTION 


(a) 

(c) 


W 

2 

5P0V0 


(b)  -2P0V0 
(d)  3  P0  V0 


22.  Work  done  by  the  gas  in  the  cyclic  process  ABCA  is 

W  =  area  enclosed  in  the  P—V  diagram 

=  area  of  triangle  ABC  =  ^  X  AB  X  AC 
=  |  (3P0  -  P0)  X  (2Vg  -  Vg)  =  PgV 0, 
which  is  choice  (a). 

23.  In  the  isobaric  process  CA,  the  heat  energy  rejected 
by  the  gas  is  given  by 

Qca  =  nCp  AT  =  nCp  (TA  -  Tc)  (1) 
Using  ideal  gas  equation  PV=  nRT  for  points  A  and 
C,  we  have 

PA  VA  =  nRTA  or  Pg  Vg  =  nRTA  (2) 

and  Pc  Vc=  nRTc  or  Pg  (2V0)  =  nRTc  (3) 

Subtracting  (2)  from  (3),  we  have 
PgVg  =  nR  (Tc  -  7j) 


or 


ta~tc= 


■o  ■'o 
nR 


(4) 


Using  (4)  in  (1),  we  get 

Qca  = 


CpP0Vg 


R 


5  R 


Now,  for  a  monoatomic  gas,  Cp  =  1 — .  Hence 
n  _  5P0U0 


(5) 


24.  The  heat  energy  absorbed  in  the  isochoric  process 
AB  is  given  by 

Qab  =  nCv  AT  =  nCv  (T B  -  TA)  (6) 


Using  the  ideal  gas  equation  for  points  A  and  B,  we 
have 

PA  VA  =  nRTA  or  Pg  Vg  =  nRTA 
and  PB  VB  =  nRTB  or  (3  P0)V 0  =  nRT B 


which  give  Tg  -  TA  = 


2P0V0 

nR 


(7) 


Using  (7)  in  (6),  we  get 


n  =  2  CvPgVg 
U AB 


R 


3  R 


Now,  for  a  monoatomic  gas,  C,  =  .  Therefore 

Qab  =  3  Po  Po  (8) 

25.  From  the  first  law  of  thermodynamics,  the  heat  en¬ 
ergy  absorbed  by  the  gas  is  given  by 

AQ  =  AU+  AW 

where  AW  =  W  =  work  done  by  the  gas  =  PgV 0. 
Since  the  process  is  cyclic,  there  is  no  change  in  the 
internal  energy  of  the  gas,  i.e.  A U=  0.  Hence 

AQ  =  AW=PgVg  (9) 

If  Qbc  is  the  heat  absorbed  in  the  process  BC,  then 

AQ  =  Qab  +  Qbc  +  Qca  (Id) 

Using  (5),  (8)  and  (9)  in  (10),  we  have 


PqVo  ~  3PqPq  +  Qbc  ' 

p0v0 


5  P0Vg 


or 


Qbc 


Questions  26  to  30  are  based  on  the  following  passage 
Passage  VII 

Two  moles  of  an  ideal  monoatomic  gas,  initially  at 
pressure  Px  =  P  and  volume  Vx  =  2  \f2  V,  undergo  an 
adiabatic  compression  until  its  volume  is  V2=  V  and  the 
pressure  is  P2.  Then  the  gas  is  given  heat  energy  0  at 
constant  volume  V2. 

<  IIT,  1999 


26.  Which  of  the  graphs  shown  in  Fig.  1 7.40  represents 
the  P—V  diagram  of  the  complete  process? 

27.  Pressure  P2  is 

(a)  02  P  (b)  2 P 

(c)  2  02P  (d)  none  of  these 

28.  The  total  work  done  by  the  gas  is 

(a)  PV  (b)  -2O2  PV 

(c)  -  3  02  PV  (d)  -3  PV 
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(a) 


(b) 


Fig.  17.40 


SOLUTION 


29.  The  change  in  internal  energy  due  to  adiabatic  com¬ 
pression  is 

(a)  3  PV  (b)  3  V2  PV 

(c)  l4l  PV  (d)  2  PV 

30.  The  temperature  T2  of  the  gas  after  it  is  adiabati- 
cally  compressed  is  (here  R  is  the  gas  constant). 


(a) 

PV 

(b) 

\l2PV 

R 

R 

(c) 

2  PV 

(d) 

2V2 PV 

R 

R 

26.  The  correct  choice  is  (c). 

27.  For  an  adiabatic  change,  PxVxr  =  P2  V2.  Therefore, 


Pi  =  P\ 


For  a  monoatomic  gas,  y  =  5/3.  Flence 


P,  =  P 


V 


V 


J 


(  I — \5/3 

P(2V2)  . 


So  the  correct 


choice  is  (d). 

28.  In  an  adiabatic  process,  heat  Q  =  0.  Hence  from  the 
first  law  of  thermodynamics,  we  have 


=  _  3 PXVX 
2 

TPx|V2F[(2^)2/3_1] 

=  -3  V2  PV. 

The  work  done  at  contant  volume  =  0.  Hence  the 
correct  choice  is  (c). 

29.  In  adiabatic  compression,  Q  =  0.  Hence  A U=  -  W, 
So  the  correct  choice  is  (b). 

30.  Since  A U=  nCv  AT  =2  Cv  ( T2  -  Tx) 


\V2J 


W1=  —  AU,  -  —  n  C7,  AT 


=  -2  Cvx{T2-Tx){-:  n  =  2) 

Now  for  2  moles  Px  Vx=2  RTX  and  P2V2  =  2  R  T2. 
Thus 

PV  ,  „  P2V2 
/  ,  =  1  1  and  T2  =  22 


2  R 

Using  these,  we  have 


2  R 


fr*-^(P2v2-p1v1) 

K 


c. 


pjL 

v  n 


xV2-pV | 


—  x  PXVX 
R 


r^v-1 

\V2) 


-l 


we  have  T2  =  Tx  + 


AU 
2  CL 


P  V  3R 

Using  Tx  =  1  and  Cv  =  — ,  we  get 

2  R  2 


P,V 

T2=  -L-L  + 


2PXVX 


2 R  2  x  2  x  3R/2 


fy^2'2 

\V2J 


PXVX  ' 

2/3' 

2  R 

[v2j 

-1 


(4) 


_  Px2s/2.V  _  2V2 PV 
R  R 

So  the  correct  choice  is  (d). 
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Questions  31  to  35  are  based  on  the  following  passage 
Passage  VIII 

Two  moles  of  an  ideal  mono-atomic  gas  is  taken  through 
a  cycle  ABCA  as  shown  in  the  P—T  diagram  (Fig.  17.41). 
During  the  process  AB ,  pressure  and  temperature  of  the 
gas  vary  such  that  PT  =  K,  where  K  is  a  constant. 

<  IIT,  2000 


Fig.  17.41 


SOLUTION 


31.  Using  the  ideal  gas  equation  PV=  nRT,  the  volumes 
of  the  gas  in  states  A,  B  and  C  are 


and 


Va  = 


VB  = 


Vr  = 


nRT A 

_  n  R  (27] ) 

2nRTx 

Pa 

Pi 

Pi 

nRTB 

_  n  R  (7j ) 

1  nRTx 

PB 

2PX 

2  Px 

nRTc 

_  n  R  (27] ) 

nRTx 

Pc 

2  Px 

Pi 

(1) 

(2) 

(3) 


It  is  given  that  in  the  process  A  B,  the  pressure 
and  temperature  of  the  gas  vary  such  that 
PT=  K 

where  K  is  a  constant.  Thus  for  point  A,  we  have 
K=Pa  Ta=  Px  (2  Tx) 

=  2  PJX 

So  the  correct  choice  is  (c). 

32.  For  the  process  A  — >  B,  we  have 
PV=  nRT 
and  PT=  K 

Eliminating  T  from  (5)  and  (6)  we  get 


(4) 


(5) 

(6) 


PV=  nR  X  —  or  P2V  =  nRK 
P 


or 


P  = 


(ff 

The  work  done  in  process  A  — »  B  is  given  by 


(V) 

(8) 


31.  Constant  K  is  given  by 

PT 

(a)  -y  (b)  P\T\ 

(c)  2  PXTX  (d)  V2  PXTX 

32.  The  work  done  in  process  A  — >  B  is  (R  is  the  gas 
constant) 

(a)  -  RTX  (b)  -  2RTX 

(c)  -  3 RTX  (d)  -  4RTX 

33.  The  heat  energy  released  in  process  A  — >  B  is 

(a)  -  3 RTX  (b)  -  5RTX 

(c)  -  7 RTX  (d)  -  9RTX 

34.  The  heat  energy  absorbed  in  process  B  — >  C  is 

(a)  RTX  (b)  3 RTX 

(c)  5 RTX  (d)  1RT] 

35.  The  heat  energy  absorbed  in  process  C  — »  A  is 

(a)  loge(2)  RTX  (b)  21oge(2)  RTX 

(c)  31oge(2)  RTX  (d)  41ogc(2)  RTX 


=  2  72  nRTx  ^  -  72^  =  -  2  nRTx 


=  -  4  RTX. 

The  negative  sign  indicates  that  heat  is  absorbed  in 
this  process.  The  correct  choice  is  (d). 

33.  For  a  monoatomic  gas  Cv  =  3R/2.  The  internal 
energy  of  the  gas  in  the  process  A  — >  B  is 
(AU)AB=n  Cv  AT  =  n  CV(TB~TA) 

3  R 

=  2  x  —  x  (Tx  -  2  Tx) 


=  3  Rx(  Tx)  =  -3RTX 
From  the  first  law  of  thermodynamics, 

Qab  =  (AU)ab  +  WAB 

=  -  3  RTX  -  4  RTX  =  -  7  RTX  which  is  choice  (c). 
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34.  The  process  B  — >  C  takes  place  at  a  constant  pressure 
P  =  2  Py.  Therefore,  the  work  done  in  this  process 
is 


35.  The  process  C  — >  A  takes  place  at  a  constant  tem¬ 
perature  T=  2  Tx.  Therefore,  the  work  done  in  this 
process  is  (v  P  =  nRTIV) 


Wbc=PAV=  (2 Px)  (Vc  —  VB) 
Using  (2)  and  (3),  we  get 

nRTx  1  nRTx 


Wbc=2P1 


v  Pi 


2  P 


i  j 


WCA=  J  PdV  =  J 
vc 

=  nRT  log 


nRT 

V 


dV 


yVcJ 


=  nRTx  =  2  RTX 

The  change  in  the  internal  energy  is  process  B  — >  C  is 
(A U)Bc  =  n<Py  A P=  (Tc~  Tb ) 

=  nCv  (2  Tx  -  Ty) 

'l  D 

=  nCv  Tx  =  2  x  —  x  Tx  =  3 RTX 

Qbc  =  (A  U)Bc  +  WBC 

=  3  RTX  +  2  RTX  =  5  RTX ,  which  is  choice  (c). 


Now,  from  (1)  and  (3),  —  =2.  Therefore, 

Pc 

Wca  =  2xRx2Txx  loge  (2) 

=  4i?r1loge(2)(v  T  =2  Tx) 

Now  (A U)CA  =  0  as  the  temperature  is  constant. 
Therefore 

Qca  =  (A  U)ca  +  WCA 
So  the  correct  choice  is  (d). 


Questions  36  to  38  are  based  on  the  following  passage 
Passage  IX 

A  monoatomic  ideal  gas  of  2  moles  is  taken  through  a 
cyclic  process  starting  from  A  as  shown  in  Fig.  17.42. 


Given  —  =  2  and  —  =  4.  The  temperature  T,  =  27°C. 

yA  vA 

R  is  the  gas  constant. 


■  IIT,  2001 


36.  The  temperature  of  the  gas  at  point  B  is 

(a)  400  K  ^  (b)  500  K 

(c)  600  K  (d)  800  K 

37.  The  total  heat  absorbed  in  the  complete  cycle  is 

(a)  600  R  (b)  900  R 

(c)  1200  R  (d)  1500  R 

38.  The  total  work  done  by  the  gas  in  the  complete 
cycle  is 

(a)  zero  (b)  300  R 

(c)  450  R  (d)  600  R 


Fig.  17.42 


SOLUTION 


36.  For  process  A  — >  B,  the  plot  of  V  versus  T  is  linear. 
Flence 


VA  _  Pb 


Tb  = 


B 


\X A  J 


Ta  =  2  x  300  K  =  600  K 


37.  Process  A—^B  occurs  at  constant  pressure  v  V^T. 
Flence 

Qa  ->  b  =  2  X  x  (Tb  -  Ta)  =  1500  R 


Process  B  — >  C  occurs  at  constant  temperature. 
From  first  law  of  thermodynamics  A  Q  =  A  U  +  AW. 


At  constant  temperature  A U=  0.  Flence  A Q  =  AW. 


Wn 


Qb 


C  =  nRTB  l0Se 

=  nRTB  loge 
=  nRTB  loge 


Vc 

\VB  j 

Yp 

yVB  , 


VBJ 


(•••  VD  =  Vc) 


v  V A 


=  2  x  R  x  600  logc  x  — 

=  1200  loge  (2)  R 
c  =  1200  loge  (2)  R 
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Process  C  — »  D  occurs  at  constant  volume.  Hence 
Qc  — >  d  =  nCv  (Ta  -  Th) 

3  R 

=  2  x  —  x  (300  -  600) 

=  -  900  7? 

Process  D  — >  A  occurs  at  constant  temperature. 
Hence 


Qx 


A  =  ^D 


=  nRTA  loge 


V  J 


=  2  x  R  x  300  x  loge  ^ 

=  -  1200  loge(2)7? 

Total  heat  absorbed  in  the  complete  cycle  is 
Q  =  15007?  +  1200  loge(2)7?  -  9007? 

-  1200  loge  (2)7?  =  6007? 

38.  In  a  cyclic  process  A U  =  0.  Hence  A W  =  A Q  = 
6007? 


Questions  39  to  41  are  based  on  the  following  paragraph 
Passage  X 

5 


A  small  spherical  monoatomic  ideal  gas  bubble  y  y  =  — 

is  trapped  inside  a  liquid  of  density  (see  Fig.  17.43). 
Assume  that  the  bubble  does  not  exchange  any  heat 
with  the  liquid.  The  bubble  contains  n  moles  of  gas.  The 
temperature  of  the  gas  when  the  bubble  is  at  the  bottom 
is  T0,  the  height  of  the  liquid  is  H  and  the  atmospheric 
pressure  is  P0  (Neglect  surface  tension). 

■  IIT,  2008 


Liquid 


H 


O 


Fig.  17.43 

39.  As  the  bubble  moves  upwards,  besides  the  buoy¬ 
ancy  force  the  following  forces  are  acting  on  it 

(a)  Only  the  force  of  gravity 

(b)  The  force  due  to  gravity  and  the  force  due  to 
the  pressure  of  the  liquid 

(c)  The  force  due  to  gravity,  the  force  due  to  the 
pressure  of  the  liquid  and  force  due  to  viscos¬ 
ity  of  the  liquid 

(d)  The  force  due  to  the  gravity  and  the  force  due 
to  viscosity  of  the  liquid 

SOLUTION 


39.  The  correct  choice  is  (d). 


i-r 


40.  For  an  adiabatic  process  TP  7  =  constant. 

(\  -  y )  2 

For  y  =  5/3,  - —  = - .  Therefore  , 

7  5 

T0[P0  +  p(gH]-2'5  =  T[P0  +  pfg(H  -  y)]~2,S 


Which  gives  T  =  T0 


po  +  P(  g(H  ~  y ) 

L  (Po+PegH)  J 


-|2/5 


40.  When  the  gas  bubble  is  at  height  y  from  the  bottom, 
its  temperature  is 

\2/5 


(a)  T0 

(b)  T0 

(c)  T0 

(d)  T0 


"  po  +  Ptgh 

yPo  +  Pegyj 

' P0  +  Pfg(H-  y)^21 5 

v  Po  +  PlgH  , 

^P0+pfgH^'5 

{ po  +  Ptgy  v 

^  Po  +  P(g(H  -  y) 


po  +  PigH 

41.  The  buoyancy  force  acting  on  the  gas  bubble  is 
(7?  is  the  universal  gas  constant) 

2/5 


(a)  p,nRgT0 

(b) 


(Po  +  PfgH ) 
(P0  +  pegy)7/5 

PinRgTo 


(P()+pfgH)zli[P()+pfg(H-y)] 


3/5 


(c)  pfnRgT0 

(d) 


(Po  +  PegH ) 

(Po  +  Pegyf5 

PinRgTo 


3/5 


2/5 


(po  +  PfgH)  “  [P0  +  peg(H  -  y)] 


41.  Buoyant  force  F  =  weight  of  liquid  displaced 
=  ptVg,  V  =  volume  of  the  bubble. 

From  PV  =  nRT,  we  have  V=  Therefore, 

F=  nRT  Pig  P 


nRptg 


x  71, 


[P0+Ptg(H-y)] 

nRpfg 


po  +  Pf  g(H  ~  y 

Po  +  Pfgh 


— 12  /  5 


(P0+pegH)2,5[P0+p(g(H-y)f5 


Thermodynamics  (Isothermal  and  Adiabatic  Processes)  17.37 


# 

Matching 


1.  The  pressure-volume  (P  -  V)  graph  of  a  cyclic  process  ABCDA  of  an  ideal  gas  is 


shown  in  Fig.  17.44.  Match  the  process  listed  in  column  I  with  the  consequences 
listed  in  Column  II 

Column  I 

Column  II 

(a)  Process  A  — »  B 

(P)  dQ  >  0 

(b)  Process  B  — >  C 

(q)  dQ  <  0 

(c)  Process  C  ->  D 

(r)  dW>  0 

(d)  Process  D  — >  A 

(s)  dW<  0 

<  IIT,  2006 

SOLUTION 


Fig.  17.44 


In  process  A  — >  B,  the  volume  remains  constant.  Hence  dW=  PdV=  0.  Also  P  °c  T.  Since  the  pressure  decreases, 
temperature  T  decreases.  Hence  the  gas  loses  heat  energy,  i.e.,  dQ  <  0.  In  process  B  — >  C,  the  pressure  remains 
constant  and  volume  increases.  Now  V  °c  T.  Hence  T  increases  which  means  that  dQ  >  0.  Also  dW  =  PdV  is 
positive.  In  process  C  — >  D,  the  volume  remains  constant  but  pressure  increases.  Hence  dQ  >  0  and  dW=  0.  In 
process  D  — >  A,  volume  decreases  and  pressure  increases.  Hence  dW <  0  and  dQ  <  0. 

(a)  ->  (q)  (b)  -A  (p),  (r)  (c)  ->  (r)  (d)  — >  (q),  (s) 

2.  Column  I  contains  a  list  of  processes  involving  expansion  of  an  ideal  gas.  Match  this  with  Column  II  describing 
the  thermodynamic  change  during  this  process. 

Column  I  Column  II 


(a) 


An  insulated  containar  has  two  chambers  separated  by 
a  valve.  Chamber  I  contains  an  ideal  gas  and  the 
chamber  II  has  vacuum.  The  valve  is  opened,  (see  Fig. 


II 


Ideal  gas 


Vacuum 


(p)  The  temperature  of  the  gas  decreases 
17.45) 


Fig.  17.45 


(b) 


(c) 

(d) 


An  ideal  monoatomic  gas  expands  to  twice 

its  original  volume  such  that  its  pressure  P  <*= 
where  V  is  the  volume  of  the  gas. 

An  ideal  monoatomic  gas  expands  to  twice 


its  original  volume  such  that  its  pressure  P  °c  . 
where  V  is  its  volume  ^ 

An  ideal  monoatamic  gas  expands  such  that  its 
pressure  P  and  volume  V  follow  the  behaviour  shown 
in  the  graph  in  Fig.  17.46. 


(q)  The  temperature  of  the  gas  increases 
or  remains  constant 

(r)  The  gas  loses  heat 

(s)  The  gas  gains  heat 


o' 


V 


<  IIT,  2008 


V,  2  V) 

Fig.  17.46 
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SOLUTION 


(a)  Since  the  gas  expands  freely,  it  does  no  work,  i.e.  dW=  0.  Since  the  system  is  completely  insulated,  no  heat  can 
enter  or  leave  the  sysytem,  i.e.  dQ  =  0.  From  the  first  law  of  thermodyramics  dU=  dQ  -  dW=  0,  i.e.there  is  no 
change  in  internal  energy,  ffence  the  temperatue  remains  unchanged.  So  the  correct  choice  is  (q). 

0  o  nRT  ->  1 

(b)  Given  PV2  =  constant.  PV=  n  RT or P  =  n  RT/V.  Therefore,  PV2  =  - xf"  =  nRTV.  Flence  T °c  —  .  Thus  if  V 

V  V 

is  increased,  T  will  decrease,  i.e.  dT  is  negative. 

For  PVX,  the  work  done  dW=  — ^  ^  .  Flence 


(1-x) 
dQ  =  nCv  dT  + 


nC„  dT  =  n  C,,  dT  + 


R 


nRdT 

Q^x) 

nR 

(1-x) 


dT 


=>  C  =CV+  - 

1-x 

3  R 

For  monoatomic  gas  Cv  =  —  and  for  x  =  2 


(1) 


C-^  +  - 
p  2  1 


R 


2  2  2 


Now  dQ  =  nC  dT.  Since  dT  is  negative  and  C  is  positive,  dQ  is  negative,  i.e.  the  gas  loses  heat.  Flence  the  cor¬ 


rect  choices  are  (p)  and  (r) 
(c)  If  PV 4/3  =  constant,  Then  T  < 


V 

Putting  x  =  4/3  in  Eq.  (1)  we  get 


1/3 


.  Thus  if  V  is  increased,  T  will  decrease,  i.e.  dT  is  negative. 


C  =  C  + 
p  v  (1-4/3) 


R  ^R  ^R 

=  — —  3 R=  — — ,  which  is  negative.  Now  dQ  =  nCp  dT.  Since  Cp  and  dT  are  both  negative, 


dQ  will  be  positive,  i.e.  the  gas  gains  heat.  Hence  the  correct  choices  are  (p)  and  (s). 

(d)  If  follows  from  the  graph  that  if  the  volume  of  the  gas  increases,  its  pressure  also  increases.  Hence  the  tempera¬ 
ture  of  the  gas  increases.  Therefore,  dU  is  positive.  Also,  work  is  done  by  the  gas.  Hence  dW  is  positive.  Now 
dQ  =  dU  +  dW.  Since  both  dU  and  dW  are  positive,  dQ  will  be  positive,  i.e.  the  gas  gains  heat.  Hence  the  correct 
choices  are  (q)  and  (s). 

(a)  ->  (q)  (b)  ->  (p),  (r)  (c)  —>  (p),  (s)  (d)  -A  (q),  (s) 

3.  One  mole  of  a  monatomic  gas  is  taken  through  a  cycle  ABCDA  as  shown  in  the  P-  V diagram  (Fig.  1 7.47).  Column 
II  gives  the  characteristics  involved  in  the  cycle.  Match  them  with  each  of  the  processes  given  in  Column  I. 

■  IIT,  2011 


Fig.  17.47 


Column  I  Column  II 

(a)  Process  A  — »  B  (p)  Internal  energy  decreases 

(b)  Process  B  — »  C  (q)  Internal  energy  increases 
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(c)  Process  C  — >  D  (r)  Heat  is  lost 

(d)  Process  D  — >  A  (s)  Heat  is  gained 

(t)  Work  is  done  on  the  gas 

SOLUTION 

(a)  Process  A  — >  B  is  isobaric.  Hence  V  °=  T.  Therefore  TA  >  TB.  A U  =  nCvAT  =  nCv(TB  -  TA).  Since  TB  <  TA, 
A U  is  negative,  i.e.  internal  energy  decreases. 

A Q  =  nCpAT  is  also  negative.  Hence  heat  is  lost. 

AW  =  3P(Vb  -  VA)  =  -  6 PV.  Which  is  negative.  Hence  work  is  done  on  the  gas. 

(a)  ->  (p,  r,  t) 

(b)  Process  B  — >  C  is  isochoric.  Hence  P  °c  T.  Therefore  TB  >  Tc.  A U  =  nCvAT  =  nCv(Tc  -  TB )  is  negative,  i.e. 
internal  energy  decreases. 

AW  =  PAV=0  ( v  AV  =  0) 

From  first  law  of  thermodynamics  (A Q  =  AU  +  AW),  AO  =  A U.  Since  A U  is  negative,  heat  is  lost. 

•••  (b)  — >  (p,  r) 

(c)  Process  C  — »  D  is  isobaric,  i.e.  V  T.  Hence  TD  >  Tc.  AU  =  nCv{TD  -  Tc)  is  positive.  Hence  internal  energy 
increases. 

A Q  =  nCp(TD  -  Tc)  is  positive.  Hence  heat  is  gained  by  the  gas. 

AW  =  PAV  =  P{ 9V  -  V)  =  8  PV  which  is  positive.  So  work  is  done  by  the  gas. 

(c)  ->  (q,  s) 

(d)  In  process  D  — >  A,  the  gas  is  returned  to  the  initial  state  A.  Hence  AU  =  0.  Therefore  AO  =  AW.  Since  the 
gas  is  compressed,  work  is  done  on  the  gas,  i.e.  AW  is  negative.  Hence  A Q  is  negative.  Hence  heat  is  lost 
by  the  gas. 

•••  (d)  — >  (r,  t) 

ANSWER 

(a)  ->  (p,  r,  t)  (b)  ->  (p,  r)  (c)  -A  (q,  s)  (d)  ->  (r,  t) 


Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement- 1  is  true. 


1.  Statement-1 

PV 

Figure  17.48  shows  -j—  versus  P  graph  for  a  cer¬ 
tain  mass  of  oxygen  gas  at  two  temperatures  7)  and 
T2.  It  follows  from  the  graph  that  T]  >  T2. 


Fig.  17.48 

Statement-2 

At  higher  temperatures,  real  gas  behaves  more  like 
an  ideal  gas. 

Hut,  1989 

2.  Statement-1 

If  two  bodies  of  equal  mass  and  made  of  the  same 
material  at  different  temperature  7)  and  T2  are 
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brought  in  thennal  contact,  the  temperature  of  each 
body  will  be  (Tx  +  T2)/ 2  when  thermal  equilibrium 
is  attained. 

Statement-2 

They  have  the  same  thermal  capacity. 

3.  Statement-1 

Two  vessels  A  and  B  of  equal  capacity  are  con¬ 
nected  to  each  other  by  a  stopcock.  Vessel  A  con¬ 
tains  a  gas  at  0°C  and  1  atmosphere  pressure  and 
vessel  B  is  evacuated.  If  the  stopcock  is  suddenly 
opened,  the  final  pressure  in  A  and  B  will  be  0.5 
atmosphere. 

Statement-2 

If  the  temperature  is  kept  constant,  the  pressure  of 
a  gas  is  inversely  proportional  to  its  volume. 

4.  Statement-1 

Two  vessels  A  and  B  are  connected  to  each  other 
by  a  stopcock.  Vessel  A  contains  a  gas  at  0°C  and  1 
atmosphere  pressure  and  vessel  B  is  evaluated.  The 
two  vessels  are  thermally  insulated  from  the  sur¬ 
roundings.  If  the  stopcock  is  suddenly  opened,  there 
will  be  no  change  in  the  internal  energy  of  the  gas. 
Statement-2 

No  transfer  of  heat  energy  takes  place  between  the 
system  and  the  surroundings. 

5.  Statement-1 

Two  vessels  A  and  B  are  connected  to  each  other  by 
a  stopcock.  Vessel  A  contains  a  gas  at  300  K  and 
1  atmosphere  pressure  and  vessel  B  is  evacuated. 
The  two  vessels  are  thermally  insulated  from  the 
surroundings.  If  the  stopcock  is  suddenly  opened, 
the  expanding  gas  does  no  work. 

Statement-2 

Since  A Q  =  0  and  A U=  0,  it  follows  from  the  first 
law  of  thermodynamics  that  AW=  0. 

6.  Statement-1 

Heating  system  based  on  circulation  of  steam  are 
more  efficient  in  warming  a  house  than  those  based 
or  circulation  of  hot  water. 

SOLUTION 

1.  The  correct  choice  is  (a).  The  line  AB  is  parallel  to 
the  T’-axis.  This  means  that  PV/T  is  a  constant,  in¬ 
dependent  of  pressure.  Hence  line  AB  corresponds 
to  an  ideal  gas  for  which  PV/T=  constant.  At  higher 
temperatures,  a  real  gas  behaves  more  like  an  ideal 
gas.  Hence  Tx  is  greater  than  T2. 

2.  The  correct  choice  is  (a).  Statement- 1  is  true  only 
if  the  two  bodies  have  the  same  thermal  capacity 
which  is  equal  to  mass  of  the  body  X  its  specific 
heat  capacity.  Since  the  two  bodies  have  the  same 


Statement-2 

The  latent  heat  of  steam  is  high. 

7.  Statement-1 

Figure  17.49  shows  the  V-T  graphs  of  a  certain 
mass  of  an  ideal  gas  at  two  pressures  Pl  and  P2.  It 
follows  from  the  graphs  that  Px  is  greater  than  P2. 


Fig.  17.49 

Statement-2 

The  slope  of  V-T  graph  for  an  ideal  gas  is  directly 
proportional  to  pressure. 

HlIT,  1982 

8.  Statement-1 

The  curves  A  and  B  in  Fig.  17.50  show  P-V graphs 
for  an  isothermal  and  an  adiabatic  process  for  an 
ideal  gas.  The  isothermal  process  is  represented  by 
curve  A. 


Fig.  17.50 

Statement-2 

The  slope  of  the  P-  V  graph  is  less  for  an  isothermal 
process  than  for  an  adiabatic  process. 

HlIT,  1985 

mass  and  are  made  of  the  same  material,  they  have 
the  same  thermal  capacity. 

3.  The  correct  choice  is  (a).  Since  the  two  vessels  are 
of  equal  capacity,  the  volume  occupied  by  the  gas 
is  doubled  when  the  stopclock  is  opened.  Hence, 
pressure  becomes  half. 

4.  The  correct  choice  is  (a) 

5.  The  correct  choice  is  (a).  Since  the  system  is  ther¬ 
mally  insulated  from  the  surroundings,  no  heat 
flows  into  the  system  or  out  of  it,  i.e.  A Q  =  0.  Since 
AU=  0;  AW=  0. 
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6.  The  correct  choice  is  (a). 

7.  From  PV=  RT,  we  have 

PV 

~Y~  =  constant  (R) 


=>  —  —  — ,  i.e.  — °c  — 

TP  TP 

Flence  Statement- 1  is  true  but  Statement-2  is  false. 

8.  For  an  isothermal  process  PV=  constant.  Differen- 

dP  P 

tiating  we  get  PdV  +  VdP  =  0  =>  —  = - .For 

dV  V 


an  adiabatic  process  PV7=  constant.  Differenting, 
we  get 

PyVr-  1  dV+  dP  ¥?=  0 
dP  yP 

which  gives  =~~y~  ’  w^ere  7=  Cp/Cv 

Since  y>  1,  the  slope  of  the  P-V  curve  for  an  adia¬ 
batic  process  is  greater  than  that  for  an  isothermal 
process.  Thus  both  the  statements  are  true  and  state¬ 
ment-2  is  the  correct  explanation  for  statement- 1. 


1.  Two  soap  bubbles  A  and  B  are  kept  in  a  closed 
chamber  where  the  air  is  maintained  at  pressure 
8  N/m2.  The  radii  of  bubbles  A  and  B  are  2  cm  and  4 
cm,  respectively.  Surface  tension  of  the  soap-water 
used  to  make  bubbles  is  0.04  N/m.  Find  the  ratio 


nB/nA,  where  nA  and  n  B  are  the  number  of  moles  of 
air  in  bubbles  A  and  B,  respectively.  [Neglect  the 
effect  of  gravity.] 

|  IIT,  2009 


SOLUTION 


Kinetic  Theory  of  Gases 


REVIEW  OF  BASIC  CONCEPTS 

18.1  j  PRESSURE  EXERTED  BY  AN  IDEAL  GAS 

The  pressure  of  a  gas  in  a  container  is  a  result  of  the 
continuous  bombardment  of  the  gas  molecules  against  the 
walls  of  the  container  and  is  given  by 


1  mnv  rms 
”3  V 


1  Mvf 


1  2 

~PV  rms 


where  m  =  mass  of  each  molecule,  n  =  number  of 
molecules  in  the  container,  frms  =  root  mean  square  speed 
of  molecules,  V  =  volume  of  container,  M=  mass  of  gas 
in  the  container,  p  =  density  of  the  gas  and  U  =  internal 
energy  of  the  gas. 

18.2  !  ROOT  MEAN  SQUARE  SPEED 

_ I _ 

The  root  mean  square  (rms)  speed  is  defined  as 

r  i  i1/2 

Vs=  ~(vf  +V22  +u32  +-  +  vl) 

_n 

where  vx,  v2,  v3,  ■■■  v„  are  the  speeds  of  the  molecules  1 , 2, 
3,  •  •  •  n  respectively.  In  terms  of  P  and  p,  yrms  is  given  by 


where  m  is  the  mass  of  each  molecule,  T  the  absolute 
temperature  of  the  gas  and  k  a  constant  called  Boltzman  s 
constant.  Its  value  is 

k  =  1.38  x  1(T23  J  KT1  per  molecule 
R  is  the  universal  gas  constant  and  its  value  is 
R=  8.315  J  KT1  mol1 


18.3  ;  MEAN  TRANSLATIONAL  KINETIC  ENERGY 

The  mean  translational  kinetic  energy  of  a  molecule  of  a 
gas  is  given  by 

r  1  2 
E=  ~mVrms 

In  terms  of  E,  the  pressure  of  the  gas  is  given  by 
1  ,  2  nE  2  U 

P  ~  ~PV rms  -  3  ~y~  3  ^ 

where  U  =  nE  is  the  total  translational  kinetic  energy  of 
all  the  n  molecules  of  the  gas.  It  is  also  called  the  internal 
energy  of  the  gas. 

Boltzman’s  constant  k  =  — 

N0 

where  N0  is  Avagdro  number. 


18.4  ;  EQUATION  OF  STATE  OF  AN  IDEAL  GAS 

The  relationship  between  pressure  P,  volume  V  and 
absolute  temperature  T  of  an  ideal  gas  is  called  the  equation 
of  state.  For  n  moles  of  a  gas,  this  relation  is 
PV  =  nRT 

where  R  is  the  molar  gas  constant. 

From  Avogadro’s  law,  it  follows  that  one  mole  of  all 
gases,  at  the  same  temperature  and  pressure,  occupies 
equal  volume.  Experiments  confirm  that  one  mole  of  any 
gas  occupies  22.4  litres  at  STP.  Consequently,  for  on  mole 
PV 

the  ratio  -  is  constant  for  all  gases.  This  constant  is  the 

T 

molar  gas  constant  and  can  be  evaluated  as  follows: 


At  STP, 


V  =  22.4  litre  =  22.4  x  1(T3  m3 
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P  =  0.76  m  Hg  =  1.013  x  105  NnT2 
T  =  273  K 

R  =  PV  1.013  x  10s  x  22.4  x  10~3 
T  ~  273 

=  8.315  J  moE1  KT1 


18.5  !  VAN  DER  WAAL'S  EQUATION  OF  STATE 

_ I _ 

According  to  Van  der  Waal  the  true  pressure  exerted  by  a  gas 
is  greater  than  P  by  an  amount  a/V2  (where  a  is  a  constant) 
due  to  attractive  forces  between  molecules  and  the  true 
volume  of  the  gas  is  less  than  Vby  an  amount  b  (where  b  is 
another  constant)  because  molecules  themselves  occupy  a 
finite  space.  The  Van  der  Waal’s  equation  of  state  is 

[p  +  £)  (r-V-RT 

At  high  pressures,  when  the  molecules  are  too  many 
and  too  close  together,  the  correction  factors  a  and  b  both 
become  important.  But  at  low  pressures,  when  they  are  not 
too  many  and  not  too  close  together,  a  gas  behaves  like  an 
ideal  gas  and  obeys  the  equation  PV=  RT. 


18.6 


DEGREES  OF  FREEDOM  AND 
EQUIPARTITION  OF  ENERGY 


The  total  number  of  coordinates  or  independent  quantities 
required  to  completely  specify  the  position  or  configura¬ 
tion  of  a  dynamical  system  is  called  the  degrees  of  free¬ 
dom  of  the  system. 

The  molecules  of  a  monoatomic  gas  consist  of  single 
atoms.  Therefore,  the  molecules  of  a  monoatomic  gas 
have  three  degrees  of  freedom  corresponding  to  trans¬ 
lational  motion.  The  molecules  of  a  diatomic  gas  have 
five  degrees  of  freedom-three  corresponding  to  transla¬ 
tional  motion  and  two  for  rotational  motion.  A  polyatomic 
molecule  has  six  degrees  of  freedom  including  one  of 
vibrational  motion. 

The  law  of  equipartition  of  energy  is  stated  as  follows. 
In  any  dynamical  system  with  a  uniform  absolute 
temperature  T,  the  total  energy  is  distributed  equally 
among  all  the  degrees  of  freedom  and  the  average  energy 

per  degree  of  freedom  per  molecule  equals  —  kT,  where 
k=  1.38  x  1(T23  JKT1.  2 

If  the  molecules  of  a  gas  have  /  degrees  of  freedom, 

then  kinetic  energy  per  molecule  —fix  —  kT.  Therefore, 

2 

kinetic  energy  per  mole  is 


Now 


U=  Nfx  —  kT  =  —  RT 
2  2 

A  U  f 

C  =  -  =  —  R 

v  AT  j 


and 


_  / 


C=C„  +  R=  —  R+  R=  — +  1  R 


f 


Cp 

7=  —■ 
r 

'-'v 


f 


+  1  R 


1-R 

2 


/ 


Thus  y=l  +  —  =  —  for  a  monoatomic  gas  =  1  +  — 
3  3  0 

7  2  4 

=  —  for  a  diatomic  gas  =  1  +  —  =  —  for  a  triatomic 
5  6  3 

or  polyatomic  gas 
Relation  between  Cp,  Cv  and  R 

3R  5R 

For  a  monoatomic  gas;  Cv  =  —  and  Cp  =  — 


For  a  diatomic  gas; 


5  R 


1R 


CL  =  —  and  C„  =  — 


2  p  2 
For  a  polyatomic  gas;  Cv  =  3 R  and  Cp  =  4 R 
Relation  between  Cp,  Cv  and  7 


Cp  ~  Cv  =  R 


7=  ^  =>  Cp=yCv 


7  Cv  -  Cv  =  R 


C,  = 


R 


7-1 


Cp=Cv  +  R=  — 
F  7  - 1 


„  yR 
+  R  =  ' 


7-1 


EXAMPLE  18.1 


Calculate  the  root  mean  square  speed  of  the  mole¬ 
cules  of  hydrogen  gas  at  S.T.P.  Density  of  hydrogen 
at  S.T.P.  is  9  X  10  2  kg  m  3. 


SOLUTION 


At  S.T.P.,  pressure  P  =  1.01  x  10^  Pa  and  density 
p  =  9  x  1 0~2  kg  m  \ 


3  x  1.01  x  103 


9x10 


-2 


=  1840  ms 


-1 


EXAMPLE  18.2 


Calculate  the  temperature  (in  kelvin)  at  which  the 
p;  root  mean  square  speed  of  a  gas  molecule  is  half  its 
value  at  0°C. 
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SOLUTION 


]_ 

2 


3kT 

m 

T7  _ 
T  ~ 

~r~ 

773 


T 

273 


T'  =  68.25  K 


EXAMPLE  18.3 


Find  the  mean  translational  kinetic  energy  of  an  oxy¬ 
gen  molecule  at  0°C.  Given  Avogadro  number  N  = 
6.03  x  1023  per  mole  and  R  =  8.3  JK_1  mol  '. 


SOLUTION 


^  1  , 
E  =  —  mv  n 
2 


=  A kT =±*L 

2  2  N 


E  =  3  X  8'3  X  271  =  5.64  x  10~21  J 


2x6.03x10 


23 


EXAMPLE  18.4 


■  Calculate  the  mean  translational  kinetic  energy  of  1 
mole  of  hydrogen  at  S.T.P.  Density  of  hydrogen  at 
S.T.P.  is  0.09  kg  m  3. 


SOLUTION 


f3P  _  13  x  1.01  x  105 
~  y~p  ~  V  (L09 
=  1.84  x  103  ms-1 


Mass  of  1  mole  is 

m  =  22.4  x  1 0  m3  x  0.09  kg  m  3 
=  2.016  x  1 0~3  kg 

1  ? 

K.E.  =  -  mv  rms 

=  ^  x  (2.016  x  10~3)  x  (1.84  x  103)2 
=  3.41  x  103  J 


EXAMPLE  18.5 


■  Calculate  (a)  the  average  translational  kinetic  energy 
of  the  molecules  of  an  ideal  gas  at  0°C  and  at  100°C 
and  (b)  the  energy  per  mole  of  the  gas  at  0°C  and 
100°C.  Given  Avogadro ’s  number  N  =  6.02  X  1023 
and  Boltzmann’s  constant  k=  1 .38  x  10~23  JK_1. 


SOLUTION 


(a)  Average  translational  K.E.  of  a  molecule  of  an 
ideal  gas  is 

3 

E  =  —  kT,  where  T  =  temperature 
2  in  kelvin 

At  T=  0°C  =  273  K, 

E=  -  x  (1.38  x  1 0~23)  x  273 
2 

=  5.65  x  10-21  J 

AtT=  100°C  =  373  K, 

E  =  -  x  (1.38  x  10-23)  x  373 
2 

=  7.72  x  10-21  J 


(b)  Number  of  molecules  in  1  mole  of  a  gas  is 
N=  6.02  xlO23 

.-.  K.E.  of  1  mole  at  273  K  =  (5.65  x  10~21) 
x  (6.02  x  1023)  =  3.40  J 

K.E.  of  1  mole  at  373  K  =  (7.72  x  10~21) 
x  (6.02  x  1023)  =  4.65  J 


EXAMPLE  18.6 


The  speed  of  sound  in  a  gas  at  S.T.P.  is  330  ms  1  and  the 

_3 

density  of  the  gas  is  1.3  kg  m  .  Find  the  number  of 
degrees  of  freedom  of  a  molecule  of  the  gas. 


SOLUTION 


v2p  (330)2  x  1.3 
P  ~  1.01  xlO5 


If/ is  the  number  of  degrees  of  freedom,  then 


/ 


y  - 1  (1.4-1) 


=  5 


EXAMPLE  18.7 


The  volume  of  2  moles  of  a  diatomic  ideal  gas  at  300 
K  is  doubled  keeping  its  pressure  constant.  Find  the 
change  in  the  internal  energy  of  the  gas.  Given  R  = 
8.3  JK~'  mol1. 


SOLUTION 


According  to  kinetic  theory,  there  are  no  internal 
forces  of  interaction  between  the  molecules  of  an 
ideal  gas.  This  implies  that  the  potential  energy  is 
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zero.  Hence,  for  an  ideal  gas,  the  internal  energy  is 
only  due  to  kinetic  energy  of  the  molecules. 

For  n  moles  of  an  ideal  gas  at  absolute  temperature  T, 
the  internal  energy  is 

f 

U  =  —  nRT 
2 

where  /is  the  number  of  degrees  of  freedom.  For  a 
diatomic  gas /=  5.  Therefore 

U  =  -nRT 
2 

Since  pressure  is  kept  constant,  V T (Charles’  law), 
i.e. 


n  = 

Tx 


t2  = 


T2 


2/ 


600  K  (v  V2  =  V{) 


AU=U2-U1=  5-nR(T2  -  /) 

=  |  x  2  x  8.3  x  (600  -  300) 
=  1.245  x  104  J 


Alternative  Method 

A  U=  nCvAT 

5R 

For  diatomic  gas,  Cv  =  — .  Therefore 

A  U=  2Xy  x  (600  -  300) 
=  1.245  x  104  J 


=  |  x  1.38  x  10-23  x  (273  +  27) 

=  1.035  x  1(T20  J 

(c)  Total  K.E.  =  -  PV=  —  x  106  x  10-2  =  2.5  x  104  J 
2  2 


EXAMPLE  18.9 


nx  moles  of  a  monoatomic  gas  are  contained  in  a  ves¬ 
sel  A  of  volume  Vx  at  pressure  P]  and  temperature  Tx. 
n2  moles  of  the  same  gas  are  contained  in  a  vessel 
B  of  volume  V2  at  pressure  P2  and  temperature  T2. 
The  two  vessels  are  now  connected  by  a  tube.  Obtain 
the  expression  for  (a)  common  temperature  T  and  (b) 
common  pressure  P  in  the  Vessels. 


SOLUTION 


If/=  number  of  degrees  of  freedom, 

Initial  total  energy  =  final  total  energy 

=>  ^niRT\  +  ^n2RT2  =  y  ("i  +  ni)RT 

Here/=  3  (monoatomic  gas) 

Equation  (1)  gives 


nx  +  n2 

Final  pressure  is 

p  _  (»i  +  n2)RT  _  PXVX  +  P2V2 
vx+v2  ~  vx  +  v2 

18.7  ;  IDEAL  GAS  LAWS _ 


EXAMPLE  18.8 


Hydrogen  gas  is  contained  in  a  vessel  of  volume  10 
litres  at  27°C.  The  gas  pressure  is  106  Pa.  Find 

(a)  total  translational  kinetic  energy  of  hydrogen 
molecules, 

(b)  mean  (average)  kinetic  energy  of  the  molecules 
and 

(c)  total  kinetic  energy  of  the  molecules. 


SOLUTION 


Volume  of  gas  =  10  litres  =  10  x  10  nr  =  1 0  2  m3) 

3  3 

(a)  Total  K.E.  of  molecules  =  —  PV  =  —  x  106  x 

2  2 

10  2  =  1.5  x  104  J 

(b)  Average  K.E.  of  molecules 

5 

=  —kT  ( v  Hydrogen  is  diatomic) 


Boyle's  Law 

At  any  given  temperature,  the  volume  of  a  given  mass  of 
a  gas  is  inversely  proportional  to  pressure,  i.e. 

f  oc  (T  =  constant  and  n  =  constant) 

=>  PV  =  constant 

=>  P\VX=P2V2 

Charle's  Law 

If  the  pressure  of  a  gas  is  kept  constant,  the  volume  of 
a  given  mass  of  the  gas  is  directly  proportional  to  its 
absolute  temperature,  i.e. 

V  °c  T  (P  =  constant  and  n  =  constant) 

V 

=>  —  =  constant 

T 
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If  the  volume  of  a  gas  is  kept  constant,  the  pressure 
of  a  given  mass  of  the  gas  is  directly  proportional  to  its 
absolute  temperature,  i.e. 

=  constant  (V  =  constant  and  n  =  constant) 

=  1 
t2 


EXAMPLE  18.11 


A  cylinder  of  volume  30  litres  contains  oxygen  at  a 
gauge  pressure  of  1 5  atm  at  27°C.  When  some  oxygen 
is  ejected  out  from  the  cylinder,  the  gauge  pressure 
falls  to  11  atm  and  temperature  falls  to  17°C.  Find 
the  mass  of  oxygen  ejected.  R  =  8.3  J  mol1  and 
molecular  mass  of  oxygen  =  32. 


Avogadro  Law 

Equal  volumes  of  all  gasses  at  the  same  temperature 
and  pressure  contain  an  equal  number  of  molecules.  The 
number  of  molecules  in  one  mole  of  any  gas  is  A0  =  6.02 
x  1023.  A0  is  called  the  Avogadro  number.  If  volume  V1  of 
one  gas  contains  Nl  molecules  and  volume  V2  of  another 
gas  contains  N2  molecules  at  the  same  temperature  and 
pressure,  then 

N{  N2 

Equation  of  State  in  terms  of  Boltzmann  constant  (k) 

_  universal  gas  constant  R 
Avogadro  number  A0 

PV=  nRT  =  nN0  —  T  =  nN0kT 
N0 

or  PV=  NkT 

where  N=  nN0  =  number  of  molecules 


EXAMPLE  18.10 


I  An  electric  bulb  of  volume  250  cm3  was  sealed  dur¬ 
ing  manufacture  at  a  pressure  of  1 0  3  mm  of  Hg  at 
27°C.  Find  the  number  of  air  molecules  in  the  bulb. 


SOLUTION 


Let  Abe  the  number  of  air  molecules  in  the  bulb.  It 
is  given  that  P  =  1 0~3  mm  of  Hg  =  1 0  4  cm  of  Hg,  V 
=  250  cm3  and  T=  273  +  27  =  300  K. 

Now  PV  =  NkT  (1) 

At  STP,  one  mole  of  a  gas  occupies  a  volume  V0  = 
22400  cm3  and  contains  A0  =  6.02  x  1023  molecules, 
P0  =  76  cm  of  Hg  and  T0  =  273  K. 

P0V0=N0kT0  (2) 


SOLUTION 


Let  N{  be  the  number  of  molecules,  P x  be  the  pres¬ 
sure  and  7j  be  the  temperature  of  oxygen  before  some 
oxygen  is  ejected  and  N2,  P2  and  T2  be  their  values 
after  the  gas  is  ejected.  Since  the  volume  V  remains 
unchanged  (=  volume  of  cylinder), 

PlV=  NlkT1  (1) 

P2V=  N2kT2  (2) 


where  k  = 


R 


8.3 


A, 


o  6.02x10 


23 


=  1.38  X  10-23  JK_1  per 


molecules  is  Boltzmann  constant.  Given,  V=  30  litres 
=  30  xl0~3  m3,  Px  =  15  atm  =  15  X  1.01  X  105  Pa,  7j 
=  273  +27  =  300  k,P2=  11  atm=  11  x  1.01  x  105  Pa 
and  T2  =  273  +  17  =  290  K.  Substituting  these  values 
in  Eqs.  (1)  and  (2),  we  get 

Nx  =  10.87  x  1024  and  A2  =  8.25  x  1024 

Number  of  molecules  of  oxygen  ejected  =Nl-N2 
=  2.62  x  1024.  The  molecular  mass  of  oxygen  =  32, 
i.e.  one  mole  of  oxygen  (which  contains  6.02  x  1023 
molecules)  has  a  mass  of  32  g  =  0.032  kg.  Hence  2.62 
x  1024  molecules  will  have  a  mass  of 


0.032x2.62x10 


24 


6.02x10 


,23 


=  0.14  kg 


EXAMPLE  18.12 


A  narrow  glass  tube  of  length  1 00  cm  is  closed  at 
both  ends.  It  lies  horizontally  with  20  cm  of  mercury 
column  in  the  middle  dividing  the  tube  into  two  com¬ 
partments  I  and  II  of  equal  length.  The  air  in  each 
compartment  is  at  standard  temperature  and  pressure. 
The  tube  is  then  turned  to  a  vertical  position.  By  what 
distance  will  the  mercury  column  be  displaced? 


Dividing  ( 1)  by  (2),  we  get 


A  =  A0  x  x  —  x  — 
T  P0  Vo 


=  (6.02  x  1023)  x  I  —  lx 

U00,1 

=  8.04  x  1015  molecules 


273 


'l0^ 


V  76  ; 


250 

22400 


SOLUTION 


Let  A  cm2  be  the  cross-sectional  area  of  the  tube. 
Then  P0  =  76  cm  of  Hg  and  V0  =  40  A  cm3  [Fig. 
18.1(a)].  When  the  tube  is  turned  to  vertical  posi¬ 
tion  [Fig.  18.1(b)],  Letx  cm  be  the  displacement  of 
mercury  column  and  let  Px,  Vx  be  the  air  pressure  in 
compartment  I  and  P2,  V2  those  in  compartment  II. 
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I  (Po.  V0) 


II  (Po,  Vo) 


-40  cm — H- 


20  cm 


(a) 


•H — 40  cm- 


(40+x)  cm 


20  cm 


(40-x)  cm 


(b) 


Fig.  18.1 

Using  Boyle’s  Law,  we  have 

P0V0=PlVl  and  P0V0  =  P2V2 


and 


P  i  = 


Pi  = 


PqPq 

Pi 

PqPq 

V7 


P0  x  40  A 


40  Pn 


(40  +  x)A  (40  +  x) 


P0  x  40 A 


40  Pn 


(40  -  x)A  (40  -  x) 


The  mercury  column  will  be  in  equilibrium  if  P2  (in 
cm  of  Hg)  +  10  cm  of  Hg  =  /’[(in  cm  of  Hg),  i.e.  if 


40  Pn 


+  10  = 


40  Pn 


40 +  x  (40-x) 

where  P0  =  76  cm  of  Hg.  Thus 

40x76  +  10  =  40x76 


(40  +  x)  (40  -  x) 

=>  x2  +  608x  —  1600  =  0 

Solving  for  positive  root,  we  get  x  =  2.6  cm 


1.  In  an  adiabatic  process,  the  root  mean  square  speed 
of  the  molecules  of  a  monoatomic  gas  becomes 
twice  its  initial  value.  The  ratio  of  the  initial  volume 
of  the  gas  to  the  final  volume  is 

(a)  2  (b)  23/2 

(c)  4  (d)  8 

2.  The  root  mean  square  speed  of  hydrogen  molecules 
at  a  certain  temperature  is  v.  If  the  temperature 
is  doubled  and  the  hydrogen  gas  dissociates  into 
atomic  hydrogen,  the  nns  speed  will  become 

(a)  -  (b)  - 

4  2 

(c)  2v  (d)  4v 

3.  A  gas  in  a  closed  container  has  temperature  T  and 
pressure  P.  If  the  molecules  of  the  gas  undergo 
inelastic  collisions  with  the  walls  of  the  container, 
then 

(a)  both  P  and  T  will  decrease 

(b)  P  decreases  and  T  increases 

(c)  P  increases  and  T  decreases 

(d)  both  P  and  T  remain  the  same 

4.  Two  moles  of  hydrogen  are  mixed  with  n  moles 
of  helium.  The  root  mean  square  speed  of  the  gas 
molecules  in  the  mixture  is  yfl  times  the  speed  of 
sound  in  the  mixture.  The  value  of  n  is 

(a)  1  (b)  2 

(c)  3  (d)  4 


A  vessel  contains  4  moles  of  oxygen  and  2  moles  of 
argon  at  absolute  temperature  T.  The  total  internal 
energy  of  the  gas  mixture  is 
(a)  6  RT  ^  (b)  9  RT 

(c)  11  RT  (d)  13  RT 

6.  The  average  translational  kinetic  energy  of  a  mol¬ 
ecule  of  a  gas  at  absolute  temperature  T  is  propor¬ 
tional  to 

(a)  I  (b)  4f 

T 

(c)  T  (d)  T2 

7.  The  root  mean  square  speed  of  the  molecules  of 
an  enclosed  gas  is  v.  What  will  be  the  root  mean 
square  speed  if  the  pressure  is  doubled,  the  tem¬ 
perature  remaining  the  same? 

(a)  v/2  (b)  v 

(c)  2  v  (d)  4  » 

8.  The  mass  of  an  oxygen  molecule  is  about  16  times 
that  of  a  hydrogen  molecule.  At  room  temperature 
the  rms  speed  of  oxygen  molecules  is  v.  The  rms 
speed  of  the  hydrogen  molecule  at  the  same  tem¬ 
perature  will  be 

(a)  0/16  (b)  17/4 

(c)  4  v  (d)  16  v 

9.  The  average  kinetic  energy  of  hydrogen  molecules 
at  300  K  is  E.  At  the  same  temperature,  the  average 
kinetic  energy  of  oxygen  molecules  will  be 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 

5. 
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(a)  £71 6  (b)  El  A 

(c)  E  (d)  AE 

10.  At  room  temperature  (27°C)  the  rms  speed  of  the 
molecules  of  a  certain  diatomic  gas  is  found  to  be 
1920  ms-1.  The  gas  is 

(a)  H2  (b)  F2 

(c)  02  (d)  Cl2 

<  IIT,  1984 

11.  The  temperature  of  an  ideal  gas  is  increased  from 

120  K  to  480  K.  If  at  120  K,  the  room  mean  square 
speed  of  the  gas  molecules  is  v,  then  at  480  K  it  will  be 

(a)  A  v  (b)  2  v 

(c)  -  (d)  - 

2  4 

<  IIT,  1996 

12.  Three  closed  vessels  A,  B  and  C  are  at  the  same 
temperature.  Vessel  A  contains  only  02,  B  only  N2 
and  C  a  mixture  of  equal  quantities  of  02  and  N2. 
If  the  average  speed  of  02  molecules  in  vessel  A  is 
v±,  that  of  N2  molecules  in  vessel  B  is  v2,  the 
average  speed  of  02  molecules  is  vessel  C  is 

(a)  |  (Vi  +  v2)  (b)  vx 

(c)  7^  (d) 

<  IIT,  1992 

13.  The  average  translational  energy  and  the  rms  speed 
of  molecules  of  a  sample  of  oxygen  gas  at  300  K 
are  6.21  x  10~21  J  and  484  ms-1  respectively.  The 
corresponding  values  at  600  K  are  nearly  (assum¬ 
ing  ideal  gas  behaviour) 

(a)  12.42  x  10-21  J,  968  ms^1 

(b)  8.78  x  10~21  J,  684  ms-1 

(c)  6.21  x  10-21  J,  968  ms^1 

(d)  12.42  x  10~21  J,  684  ms-1 

<  IIT,  1997 

14.  A  vessel  contains  1  mole  of  02  gas  (molar  mass  32) 
at  a  temperature  T.  The  pressure  of  the  gas  is 
P.  An  identical  vessel  containing  one  mole  of 
He  gas  (molar  mass  4)  at  a  temperature  IT  has  a 
pressure  of 

(a)  £  (b)  P 

O 

(c)  2 P  (d)  8 P 

<  IIT,  1997 

15.  A  vessel  contains  a  mixture  of  1  mole  of  oxygen 
and  two  moles  of  nitrogen  at  300  K.  The  ratio  of 


the  rotational  kinetic  energy  per  02  molecule  to  that 
per  N2  molecule  is 

(a)  1  :  1 

(b)  1  :  2 

(c)  2  :  1 

(d)  depends  on  the  moment  of  inertia  of  the  two 
molecules. 

<  IIT,  1998 

16.  Two  thermally  insulated  vessels  1  and  2  are  filled 
with  air  at  temperature  (7j,  T2),  volume  (fj,  V2)  and 
pressure  (Ph  P2)  respectively.  If  the  valve  joining 
the  two  vessels  is  opened,  the  temperature  inside 
the  vessel  at  equilibrium  will  be 

(a)  7j  +  T2 

(b)  (T ,  +  T2)/2 

(c)  TxT2  {PxVx  +  P2V2)/{PXV <T2  +  P2V2  T{) 

(d)  TxT2  (PxVx  +  P2V2)/(PlVlTl  +  P2V2T2) 

17.  If  the  temperature  of  a  gas  is  increased  from 
27°C  to  927°C,  the  root  mean  square  speed  of  its 
molecules 

(a)  becomes  half 

(b)  is  doubled 

(c)  becomes  4  times 

(d)  remains  unchanged 

18.  At  what  temperature  will  oxygen  molecules  have 
the  same  root  mean  square  speed  as  hydrogen  mol- 


ecules  at  200  K? 

(a)  527°C 

(b)  1327°C 

(c)  2127°C 

(d)  2927°C 

An  enclosure  of  volume 

V  contains  a  mixture  of 

8  g  of  oxygen,  14  g  of  nitrogen  and  22  g  of  car¬ 
bon  dioxide  at  absolute  temperature  T.  The  pres¬ 
sure  of  the  mixture  of  gases  is  ( R  is  universal  gas 

constant) 

,  x  RT 
(a)  _ 

(c)  5RT 

AV 

20.  At  what  absolute  temperature  T  is  the  root  mean 
square  speed  of  a  hydrogen  molecule  equal  to  its 
escape  velocity  from  the  surface  of  the  moon?  The 
radius  of  moon  is  R,  g  is  the  acceleration  due  to 
gravity  on  moon’s  surface,  m  is  the  mass  of  a  hy¬ 
drogen  molecule  and  k  is  the  Boltzmann  constant 


(a) 

mgR 

(b) 

2mgR 

2k 

k 

(c) 

3  mgR 

(d) 

2  mgR 

2k 

3k 
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21.  Two  perfect  gases  at  absolute  temperatures  T]  and 
T2  are  mixed.  There  is  no  loss  of  energy  in  this 
process.  If  nx  and  n2  are  the  respective  number  of 
molecules  of  the  gases,  the  temperature  of  the  mix¬ 
ture  will  be 


(a) 


>hT\  +  n2T2 
«1  +  «2 


(b) 


n2T\  +  »i  T2 
«1  +  «2 


(c)  Tt  +  ^T2  (d)  r2  +  —  Tj 

W1  «2 

22.  An  insulated  box  containing  a  diatomic  gas  of  mo¬ 
lar  mass  Mis  moving  with  a  velocity  v.  The  box  is 
suddenly  stopped.  The  resulting  change  in  tempera¬ 
ture  is  ( R  is  the  gas  constant) 


(a) 

Mv 2 

2  R 

(b) 

Mv 2 

3  R 

(c) 

Mv 2 

(d) 

2  Mv2 

5  R 

5  R 

23.  0.014  kg  of  nitrogen  is  enclosed  in  a  vessel  at  a 
temperature  of  27  °C.  The  amount  of  heat  energy 
to  be  supplied  to  the  gas  to  double  the  rms  speed  of 
its  molecules  is  approximately  equal  to 

(a)  6350  J  (b)  7350  J 

(c)  8350  J  (d)  9350  J 

24.  A  vessel  of  volume  V  contains  an  ideal  gas  at 
absolute  temperature  T  and  pressure  P.  The  gas  is 
allowed  to  leak  till  its  pressure  falls  to  P' .  Assum¬ 
ing  that  the  temperature  remains  constant  during 
leakage,  the  number  of  moles  of  the  gas  that  have 
leaked  is 


(a) 

(c) 


V 
RT 

V 

RT 


(. P  +  P') 
(P  -  P') 


(b) 

(d) 


V 

2  RT 

V 

2  RT 


(. P  +  P') 
(p  -  n 


<  IIT,  2003 


ANSWERS 


1.  (d) 

2.  (c) 

3.  (d) 

4.  (b) 

5.  (d) 

6.  (c) 

7.  (b) 

8.  (c) 

9.  (c) 

10.  (a) 

11.  (b) 

12.  (b) 

13.  (d) 

14.  (c) 

15.  (a) 

16.  (c) 

17.  (b) 

18.  (d) 

19.  (c) 

20.  (d) 

21.  (a) 

22.  (c) 

23.  (d) 

24.  (c) 

SOLUTIONS 


1.  Let  7\  be  the  initial  temperature.  Since  frms  «=  Vr  , 
the  final  temperature  T2  =  4  Tv  For  an  adiabatic 
process, 

I\  V^-  !)  =  T2  V2(r-  1} 


a 

\V2  J 


Ti 


=  4 


\Vi  j 


— 1 


=  4 


R 

R 


=  (4)m  =  8 


2. 


M  =  molecular  mass.  Now  T  is 


doubled  and  Mis  halved.  Hence  the  rms  speed  will 
become  twice,  which  is  choice  (c). 

3.  Since  the  temperature  of  the  molecules  is  the 
same  as  that  of  the  walls,  there  is  no  exchange  of 


energy  in  a  collision.  Hence  the  molecules  rebound 
with  the  same  average  speed  whether  the  collision 
is  elastic  or  inelastic.  Therefore,  both  P  and  T  will 
not  change. 

1 3  J^I’ 

4.  yrms  =  - ;  M=  molecular  mass  of  mixture 

V  M 

The  speed  of  sound  in  the  mixture  is 

IrRT  cp 

v  =  V  M  ’  y  =  ~r~  mixture 

Given  urms  =  V2  v.  Therefore 

3 
2 

>h(Cy\  +n2{Cv)  2 
«1  +  «2 


=>  7  = 

For  the  mixture, 

cv  = 
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and 


CP  = 


7  = 


£p 

a. 


^{cP\  +"2{cp)2 

>h  +  n2 

"A,),  +UG/ 

ni(Cv\  +MCvh 

3  R 


(1) 


5R 

For  hydrogen,  nl  =  2,  (Q,  =  —  and  (Cp),  =  — 

^  2 

CD  H  D 

For  helium,  n2  =  n,  (Cv)2  =  —  and  (Cp) 2  =  — 

Using  these  values  and  y=  3/2  in  Eq.  (1)  and  solv¬ 
ing,  we  get  n  =  2. 

5.  The  internal  energy  of  n  moles  of  a  gas  temperature 
T  is  given  by 

U  =  L  ( nRT) 

2 

where/=  number  of  degrees  of  freedom. 

For  oxygen/=  5  and  for  argon /=  3.  Flence 

u  =  ux  +  u2 

5  3 

=  -  x  {ART)  +  x  (2RT) 

z  2 

=  13  RT 

r  3 

6.  h  =  —  kT.  So  the  correct  choice  is  (c). 

2 

7.  The  rms  speed  =  \j3kT  /  m  which  is  independent 
of  pressure.  Flence  the  correct  choice  is  (b). 

8.  v  =  j3kT lm  .  Therefore,  v0  =  ^3kT / m0  and 
vh  =  sj3kTlmh  . 


Thus 


'  16  _  4 


or 


vh  =  4  v0. 


Hence  the  correct  choice  is  (c). 

9.  The  correct  choice  is  (c)  as  explained  above. 


3  RT 

10.  We  know  that  =  „  / -  which  gives 


3  RT 


M  = 


.2  = 


M 

3x8.3x300 
(1920)2 


=  2xl03kg  =  2g 


Since  M  =  2,  the  gas  is  hydrogen. 

'Jr  .  Hence  the  correct 


11.  vrma  = 


3  RT 


M 

choice  is  (b). 


12.  For  a  given  M,  v,w  oc  only.  Therefore,  the  cor¬ 
rect  choice  is  vx  as  the  temperatures  of  vessels  A 
and  C  are  the  same. 

13.  E  oc  T  and  urms  oc  .  Hence  at  600  K, 


E=  6.21  x  10  21  x  600 


=  12.42  x  10~21  J 


300 


and  vrm  =484  x  =  684  ms  1 

rms  \300 

which  is  choice  (d). 

14.  For  a  gas,  PV=  nRT.  Hence 


CO02 


C^Otte 


»  <lm0le)fir  and 
V 

(1  mole)  R(2T) 


V 


(?)  c 


=  2  or  (P)He  =  2  (P)02 


15.  Since  both  the  gases  are  diatomic,  each  has  two 
degrees  of  freedom  associated  with  rotational 
motion.  According  to  the  law  of  equipartition  of 
energy,  the  rotational  kinetic  energy  per  degree  of 
freedom  is  (1/2 )kT.  Since  the  temperatures  of  the 
two  gases  are  equal,  their  rotational  kinetic  energies 
will  be  equal.  Hence  the  correct  choice  is  (a). 

16.  According  to  the  kinetic  theory,  the  average  kinetic 

3 

energy  (KE)  per  molecule  of  a  gas  =  —  kT.  Let  n, 

2 

and  n2  be  the  number  of  moles  of  air  in  vessels  1 
and  2  respectively. 

Before  mixing,  the  total  KE  of  molecules  in  the  two 
vessels  is 

E\  =  \nikTi  +  \n2  kT2 
=  ^k{nlTl  +  n2T2) 

After  mixing,  the  total  KE  of  molecules  is 
^2=|  («i  +  ”2)  kT 

where  T  is  the  temperature  when  equilibrium 
is  established.  Since  there  is  no  loss  of  energy 
(because  the  vessels  are  insulated),  E2  =  Ex  or 

-(”1  +  ni)kT=  ~k  (n\T\  +  n2Ti) 

2  2 


or 


T  = 


n\T\  +  »2r2 
(«i  +n2) 


(1) 
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Now  P\V j  =  nxRTx  and  P2V2  =  n2RT2  which  give 

W- \  .  W 

n ,  =  — —  and  nn  =  — 

1  RTX  2  RT2 

Using  these  in  Eq.  (1)  and  simplifying,  we  get 
TxT2(PxVl+P2V2) 

(W2+W1) 

17.  The  root  mean  square  speed  is  given  by 


3kT 


i.e.  urms  °c  T.  Initial  temperature  T]  =  27  +  273 
=  300K.  Final  temperature  T2  =  927  +  273  =  1200  K. 
Since  temperature  is  increased  by  4  times,  the  speed 
is  doubled.  Hence  the  correct  choice  is  (b). 


18.  For  oxygen  :  i>rms  = 
For  hydrogen  :  t>rms  = 


3kT, 


me 


3kJ, 


m. 


The  value  of  Prms  will  be  the  same  if 


me 


mh 


me 


or  T0  =  —  x  Th  =  16  x  200  =  3200  K  =  2927°C 
mh 

Hence  the  correct  choice  is  (d). 

19.  The  pressure  exerted  by  a  gas  is  given  by 
nRT 


P  = 


V 


mass 


molecular  weight  V 


RT 

x  — 

V 

8 

RT 

1 

RT 

”  32 

V 

"  4 

V 

_  14 

RT 

1 

RT 

”  28 

V 

"  2 

V 

l  itaauit  it/U  uy  u.<YygtdLi  1  2 

Pressure  exerted  by  carbon  dioxide 


p  _  22  RT  _  1  RT 
3  44  V  2  ~V~ 

From  Dalton’s  law  of  partial  pressures,  the  total 
pressure  exerted  by  the  mixture  is  given  by 

P=Pl+P2  +  P3 

1  RT_  l  RT  l  RT 

~  4  V  2  ~V  2  ~V~ 


5  RT 
V 


,  which  is  choice  (c). 


20.  The  root  mean  square  speed  is  given  by 

Jwf 


The  escape  velocity  is  given  by  ve  =  V 2gR 
For  yrms  =  ve,  we  require 

_  2mgR 


——  =  \[2gP  °r  T  = 

m  3  k 


,  which  is  choice  (d). 


21.  Average  kinetic  energy  per  molecule  of  a  perfect 

gas  =  —  kT. 

2 

.’.  Average  KE  of  molecules  of  the  first  gas 

=  —  «i  kTx 
2  1  1 

Average  KE  of  molecules  of  the  second  gas 
=  \  >h  kT2 

Total  KE  of  the  molecules  of  the  two  gases 
before  they  are  mixed  is 

3  3 

K=  2  "1  kT\  +  2  n2kT2 

3 

=  2  (”t  T1  +  n2  T2)k  (!) 

If  T  is  the  temperature  of  the  mixture,  the  kinetic 
energy  of  the  molecules  (n]  +  n2)  in  the  mixture  is 

K'=  \(n}+n2)kT  (2) 

Since  there  is  no  loss  of  energy  K  =  K' .  Equating  (1) 
and  (2)  we  get 

«i  T\  +  >h_T2 


«i  T\  +  «2  T2  =  (n]  +n2)TorT  = 


nx  +  n2 


Hence  the  correct  choice  is  (a). 

22.  Let  n  be  the  number  of  moles  of  the  gas  in  the  box. 

The  kinetic  energy  of  the  gas  =  n|— Mu2| .  When 

the  box  is  suddenly  stopped,  this  energy  is  used  up 
in  changing  the  internal  energy,  as  a  result  of  which 
the  temperature  of  the  gas  rises.  The  change  in 
internal  energy  is  given  by 

5 

A U=  nCv  AT  =  n  X  —  R  X  AT 
v  2 

5 

For  a  diatomic  gas  Cv=  —R. 

Hence  n  x  —  x  AT  =  n  x  —  Mv2 
2  2 


or  A  T- 


Mv - 
5  R 


■ ,  which  is  choice  (c) 
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23.  The  root  mean  square  speed  is  related  to  absolute 
temperature  T  as 


For  a  given  gas,  m  is  fixed.  Therefore,  crms  4t. 
Hence  in  order  to  double  the  root  mean  square 
speed,  the  absolute  temperature  must  be  increased 
to  four  times  the  initial  value.  Initial  temperature 
7\  =  273  +  27  =  300  K.  Therefore,  final  temperature 
T2  =  4  Tx  =  1200  K. 

Since  the  volume  of  the  vessel  is  fixed,  AV  =  0. 
Hence  the  heat  energy  supplied  to  the  gas  does  no 
work  on  the  gas;  it  only  increases  the  internal  en¬ 
ergy  of  the  molecules. 

The  increase  in  internal  energy  is 
A U  =  n  Cv  AT 

5R 

Since  nitrogen  is  diatomic  Cv  =  — .  The  number 
of  moles  of  nitrogen  in  the  vessel  is 


C  D 

AU=  0.5  x  —  x  (1200-300) 
2 


0.5x5x8.314x900 


=  9353  J. 


So  the  correct  choice  is  (d) 


PV 


24.  Number  of  moles  present  initially  is  n  =  - .  Let 

RT 

n'  be  the  number  of  moles  of  the  gas  that  leaked 
till  the  pressure  falls  to  P'.  Since  volume  V  of  the 
vessel  cannot  change  and  temperature  T  remains 
constant  during  leakage,  we  have 


n  = 


P'V 

RT 


Number  of  moles  that  leaked  is 
PV 


An  =  n  —  n  = 


RT 


P'V  V 

-  =  -  (P~P) 

RT  RT 


So  the  correct  choice  is  (c). 


mass  in  kg  =  0.014xl03 

molecular  mass  28 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  The  root  mean  square  speed  of  the  molecules  of  a 
gas  depends  upon 

(a)  the  pressure  of  the  gas 

(b)  the  density  of  the  gas 

(c)  the  temperature  of  the  gas 

(d)  the  mass  of  a  molecule  of  the  gas 

2.  The  average  translational  kinetic  energy  of  a  mol¬ 
ecule  of  a  gas  at  absolute  temperature  T  is  E  and 
the  root  mean  square  speed  of  the  molecules  is  v. 
Then 

(a)  E  oc  T  (b)  E  oc  -Jr 

(c)  1)  OC  T  (d)  D  oc  Jf 

3.  The  root  mean  square  speeds  of  the  molecules  of 
hydrogen,  oxygen  and  carbon  dioxide  at  the  same 
temperature  are  vh,  vQ  and  vc  respectively.  Then 

(a)  vh  =  va  =  vc  (b)  vh  >  v0 

(c)  va  >  vc  (d)  vh<vQ<  vc 

4.  One  mole  of  oxygen  at  27  °C  is  enclosed  in  a  ves¬ 

sel  which  is  thermally  insulated.  The  vessel  is 
moved  with  a  constant  speed  v  and  is  then  suddenly 
stopped.  The  process  results  in  a  rise  of  temperature 


of  the  gas  by  1  °C.  Then,  if  M=  molecular  mass  of 
oxygen. 


(a)  y  (=  Cp/Cv)  =  5- 

(b)  7  = 

(c)  v-'Im(7  +  1) 

(d)  v  = 

7 

5 


2  R 


M(y-l) 


|  IIT,  1983,  1996 

5.  In  a  vessel  a  gas  at  temperature  T  has  a  pressure  P. 
The  density  of  the  gas  is  p  and  ums  is  the  average 
root-mean-square  speed  of  a  molecule.  If  N  is  the 
number  of  molecules  per  unit  volume  and  m  the 
mass  of  a  molecule,  then  ( k  =  Boltzmann  constant) 


(a)  P  =  ^pv2ms 


(b)  P  =  ^pv 


2 

rms 


(c)  tvs  =  (d)  P  =  N  kT 

V  m 

6.  N  molecules  of  a  gas,  each  of  mass  m,  strike  per 
second  a  fixed  wall  of  a  container  of  area  A  at  an 
angle  6  to  the  vertical  and  rebound  with  a  speed  v. 
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The  collisions  are  assumed  to  be  elastic. 

(a)  The  magnitude  of  change  in  momentum  is 
\Ap\  =  2 mv  sin  6 

(b)  |Ap|  =  2 mv  cos  6 

(c)  The  pressure  exerted  on  the  wall  is  P  = 


NA 


(d)  P  = 


N\Ap\ 


7.  The  pressure  P  of  n  moles  of  a  gas  varies  with 
volume  V  as 

P  =  a  -  bV2 

where  a  and  b  are  positive  constants.  The  highest 
absolute  temperature  to  which  the  gas  can  be  heated 
is  7WV. 


3/2 


(a)  rmax  = 


(b)  rmax  = 


nR\f3b 


;  R  =  gas  constant 


2a 


3/2 


3nR'f3b 


n 


n 


(c)  At  rmax,  v=\-b 

(d)  At  rmax,  v=(lL 

V3  b 

8.  A  cylinder,  fitted  with  piston,  contains  a  diatomic 
gas  at  temperature  Tl  =  21  °C.  Initially  the  height 


of  the  piston  from  the  base  of  the  cylinder  is  /7j  = 
20  cm  as  shown  in  Fig.  18.2.  When  the  tempera¬ 
ture  is  raised  to  T2  =  177  °C,  the  new  height  of  the 
piston  above  the  base  becomes  h2.  The  system  is 
then  insulated  from  the  surroundings  and  the  pis¬ 
ton  is  brought  back  to  its  original  height.  The  new 
equilibrium  temperature  becomes  Ty  Given  (1.5) 

=  1.18. 


0.4 


■  IIT,  2004 
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20  cm 


Fig.  18.2 

(a)  h2  =  30  cm  (b)  h2  =  24.5  cm 

(c)  T3  =  81°C  (d)  T3  =  258  °C 


ANSWERS  AND  SOLUTIONS 


3  P  3kT 

1.  z/rnis  =  .  —  =  \ - .  Hence  all  the  four  choices 

VP  V  m 
are  correct. 


3  l3)kT 

2.  E  =  —  kT  and  vims  =  .  - .  Hence  the  correct 

2  V  777 

choices  are  (a)  and  (d). 

3.  The  rms  speed  is  the  maximum  for  the  gas  which  is 
the  lightest.  Hence  the  correct  choices  are  (b)  and 
(c)- 

4.  Oxygen  is  diatomic;  it  has  5  degrees  of  freedom. 
Therefore,  Cv=  5  R/2  and  Cp  =  7  R/2.  So  7  = 
Cp/Cv  =  7/5. 

The  kinetic  energy  of  oxygen  molecules  with  a 

1  2 

velocity  v0=  —  Mv  ,  where  M=  molecular  weight 
of  oxygen.  ^ 

Now  heat  energy  =  Cv  dT=  Cvx  1  =  C, 

Cp  R 

But  Cp-Cv=  R  or  —  -  1  =  — 

^ V  ^ V 

”  (),-1)=f  or  c-‘ (A) 


1  2  R 

Therefore,  -  M  V  =  - - r 

2  (7-1) 


or 


v  = 


2  R 


I M  (7  - 1) 

So  the  correct  choices  are  (b)  and  (d). 

5.  The  average  pressure  of  a  gas  is  given  by 

„  1  7 

P=  ~  PV, rms 

where  density  p  =  mN\  here  m  is  the  mass  of  a 
molecule  and  N  is  the  number  of  molecules  per  unit 
volume  of  the  gas.  Thus 


1  7 

P  =  —  mN  v 

±  3  mi  v  iyrm. 


(1) 


The  average  kinetic  energy  of  a  molecule  is  given  by 

(2) 


i  ,  3 

-  TOrmS=  -  kT 


Using  (2)  in  (1),  we  get 
P  =  NkT 

Thus  the  correct  choices  are  (a),  (c)  and  (d). 
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6.  Refer  to  Fig.  18.3.  Since  the  collision  is  elastic,  the 
speed  v  of  the  molecule  before  collision  =  speed 
after  rebound.  Therefore,  the  magnitude  of  the 
change  in  momentum  normal  to  the  wall  is 
|Ap|  =  mv  cos  0  -  (—  mv  cos  6)  =  2  mv  cos  6 


Wall 


Number  of  collisions  per  second  =  N.  Therefore, 
time  interval  between  successive  collisions  is 

At  =  — 

N 

Force  exerted  on  the  wall  by  the  molecules  is 
=  rate  of  change  of  momentum 


F  = 


F 


|A/7  I 
At 


Pressure  P  =  — .  Flence  the  correct  choices  are  (b) 
and  (c).  A 

7.  For  n  moles  of  an  ideal  gas,  PV=  nRT 

Using  the  given  relation  between  P  and  V,  we  have 
(a  -  bV2)  V=  nRT  or  aV -  bV 3  =  nRT  (1) 
Differentiating  with  respect  to  V,  we  get 

,  dT 
a -3  bV2=  nR  — 
dV 


or 


dT 

dV 


1 

nR 


( a  -3  bV1) 


dT 


d2T 


T  will  be  maximum  if - =  0  and  ,  , 

dV  dV 

dT 

Setting  — —  =  0  in  Eq.  (2),  we  get 
dV 


(2) 


is  negative. 


V  = 


a  =  3  bV~  or 
Using  (3)  in  (1)  we  get 

f  \3/2 

a  1 


1/2 


(3) 


f  \l/2 

°  I 


3b 


3b  ) 


=  nR  71 


or 


or 


or 


(  \Xjl  f 
'  a  '  ' 


V3  by 


V 


a  — by.  — 
3b 


=  nR  71 


(  h1/2 

'  a  ' 


V3  bj 


a - =  nR  71 


3/2 


2  a 

T™x=  3V3 bnR 


d~T 


(4) 


It  is  easy  to  check  that  ~ is  indeed  negative  at 

a  =  3  bV2.  Flence  Eq.  (4)  gives  the  maximum  value 
of  T.  So  the  correct  choices  are  (b)  and  (d). 

8.  Let  A  be  the  cross-sectional  area  of  the  base  of 
the  cylinder.  Given  Tx  =  273  +  27  =  300  K  and 
T2  =  273  +  177  =  450  K. 

At  constant  pressure,  we  have  from  Charles’ 
law, 

a .... 

?!  T2 

Ahx  Ah2 


or 


or 


T,  ,  450  K 

h2=  = 


x  20  cm 


300  K 
=  30  cm 

Since  the  system  is  completely  insulated  from  the 
surroundings,  it  cannot  take  heat  from  or  give  heat 
to  the  surroundings.  Hence  the  second  process  is 
adiabatic  for  which 

T2V2(r~l)  =  7’3J73<r~1) 

where  V2  =  Ah2  and  V3  =  A h , .  Also,  for  a  diatomic 
gas  y=  1 .4.  Therefore, 


T-,  =  F  x 


V^3  7 


(y-i) 


=  450  x 


303 

20  J 


(1.4-1) 


n0.4 


=  450  x  (1.5)u 
=  450  x  1.18  =  531  K  =  258  °C 
So  the  correct  choices  are  (a)  and  (d). 
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Section' 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  5  are  based  on  the  following  passage 
Passage  I 

Kinetic  Theory  of  Gases 

The  molecules  of  a  gas  move  in  all  directions  with  various 
speeds.  The  speeds  of  the  molecules  of  a  gas  increase 
with  rise  in  temperature.  During  its  random  motion,  a  fast 
molecule  often  strikes  against  the  walls  of  the  container  of 
the  gas.  The  collisions  are  assumed  to  be  perfectly  elastic, 

i.e.  the  molecule  bounces  back  with  the  same  speed  with 
which  it  strikes  the  wall.  Since  the  number  of  molecules 
is  very  large,  billions  of  molecules  strike  against  the  walls 
of  the  container  every  second.  These  molecules  exert  a 
sizeable  force  on  the  wall.  The  force  exerted  per  unit  area 
is  the  pressure  exerted  by  the  gas  on  the  walls.  According 
to  the  kinetic  theory,  the  pressure  of  a  gas  of  density  p  at 
absolute  temperature  T  is  given  by 

P=  \pV  rms 


where  vr 


is  the  root  mean  square  speed  of  the  gas 


molecule  and  is  given  by 


where  m  is  the  mass  of  a  molecule  and  k  is  Boltzmann 
constant. 

1  , 

1.  From  the  relation  P  =  -  pt>mls ,  we  find  that  the 


dimensions  of  pressure  are 

(a)  ML  'T  1  I 

(c)  ML~2  T  1  I 


(b)  ML  'T  2 
(d)  ML  2T  2. 


2.  From  the  relation  yrms  =  - ,  it  follows  that  the 

V  m 

constant  k  should  be  expressed  in  units  of 

(a)  newton  per  metre  per  kelvin 

(b)  newton  per  kelvin 

(c)  joule  per  kelvin 

(d)  joule  per  kilogram  per  kelvin 

3.  Choose  the  only  correct  statement  from  the  following. 

(a)  The  pressure  of  a  gas  is  equal  to  the  to¬ 
tal  kinetic  energy  of  its  molecules  per  unit 
volume  of  the  gas. 

(b)  The  product  of  pressure  and  volume  of  a  gas 
is  always  constant. 

(c)  The  average  kinetic  energy  of  the  mole¬ 
cules  of  a  gas  is  proportional  to  its  absolute 
temperature. 

(d)  The  root  mean  square  speed  of  a  molecule 
is  proportional  to  the  absolute  temperature 
of  the  gas. 

4.  If  the  temperature  of  a  gas  is  increased  from 
27°C  to  927°C,  the  root  mean  square  speed  of  its 
molecules 

(a)  becomes  half  (b)  is  doubled 

(c)  becomes  four  times  (d)  remains  unchanged 

5.  The  root  mean  square  speed  of  oxygen  gas  mol¬ 
ecule  at  T  =  320  K  is  very  nearly  equal  to  (the 
molar  mass  of  oxygen  is  M=  0.0320  kg  per  mole 
and  gas  constant  R  =  8.3 1  J  moL1  K_1) 


(a)  300  ms  1 
(c)  700  ms-1 


(b)  500  ms 
(d)  900  ms~ 


ANSWERS  AND  SOLUTIONS 


1.  Dimensions  of  P  =  dimensions  of  density  X  dimen¬ 
sions  of  (velocity)2 

=  ML~3  X  (LT  ')2  =  ML  !T  2 
Hence  the  correct  choice  is  (b). 

2.  Squaring  we  have 

k=  =  unit  of  energy 

3 T  unit  of  temperature 

=  joule  per  kelvin 


3.  The  correct  choice  is  (c) 

4.  The  correct  choice  is  (b)  since  yrms  is  proportional 
to  the  square  root  of  absolute  temperature 


5-  frms  = 


3x8.31x320 
I  0.032 


=  499.3  ms~ 


Hence  the  correct  choice  is  (b) 
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Questions  6  to  12  are  based  on  the  following  passage 
Passage  II 
Van  der  Waals  Equation  of  State 

The  equation  of  state  PV=  niJTholds  for  an  ideal  gas.  The 
behaviour  of  real  gases  shows  departures  from  an  ideal 
gas  behaviour  especially  at  high  pressures.  The  model  of 
an  ideal  gas  is  based  on  a  number  of  assumptions.  Van  der 
Waals  modified  the  ideal  gas  equation  PV=  riRT  by  taking 
into  account  two  of  those  assumptions  which  may  not  be 
valid.  He  argued  that  (i)  the  volume  of  the  molecules  may 
not  be  negligible  compared  to  the  volume  V  occupied  by 
the  gas  and  (ii)  the  attractive  forces  between  the  molecules 
may  not  be  negligible.  He  said  that  pressure  P  in  equation 
PV=  nRT  is  less  than  the  true  pressure  by  an  amount p  be¬ 
cause  of  attractive  forces  between  the  molecules.  Accord¬ 
ing  to  him,  the  pressure  ‘defect’/?  is  inversely  proportional 
to  the  square  of  volume,  i.e. 

1 


or 


P  = 


a 


where  a  is  constant  depending  on  the  nature  of  the  gas. 
Thus  the  true  pressure  of  the  gas  is  P'=  P  +  p  =  P  + 

V 


He  further  argued  that  V  is  not  the  true  volume  of  the 
gas  because  the  molecules  themselves  occupy  a  finite 
volume.  According  to  him,  the  true  volume  of  the  gas  is  V 
=  (V  -  b )  where  b  is  a  factor  depending  on  the  actual 
volume  of  the  molecules  themselves.  Thus  Van  der  Waals’ 
equation  for  real  gases  is  P'  V'  =  nRT,  i.e. 


.—  \{V-b)=nRT 


At  high  pressures,  when  the  molecules  are  too  many  and 
too  close  together,  the  correction  factors  a  and  b  become 
important. 

6.  In  Van  der  Waals’  equation  of  state  for  real  gases, 
the  product  PV  has  the  same  dimensions  as  those  of 

(a)  bP  (b)  ± 

(c)  4  (d)  nRT 

V 

7.  The  dimensions  of  a  are  the  same  as  those  of 

(a)  PV  (b)  PV 2 

(c)  P2V  (d)  P/V 

8.  The  dimensions  of  b  are  the  same  as  those  of 

(a)  P  (b)  V 

(c)  PV  (d)  nRT 

9.  The  dimensions  of  —  are  the  same  as  those  of 

(a)  work  ^  (b)  force 

(c)  pressure  (d)  power 

10.  The  dimensional  formula  for  ab  is 

(a)  ML2T  2  (b)  ML4T  2 

(c)  ML6T  2  (d)  MLST  2 

11.  The  correction  factors  a  and  b  depend  upon 

(a)  the  pressure  of  the  gas 

(b)  the  volume  of  the  gas 

(c)  the  temperature  of  the  gas 

(d)  the  nature  of  the  gas 

12.  The  equation  of  state  PV=  nRT  holds  if  the  gas  has 

(a)  low  pressure  and  low  density 

(b)  low  pressure  and  high  density 

(c)  high  pressure  and  low  density 

(d)  high  pressure  and  high  density. 


ANSWERS  AND  SOLUTIONS 

6.  From  Van  der  Waals’  equation,  we  have 

a  ab 

PV-  bP+ - -  =  nRT 

V  V2 

From  the  principle  of  homogeneity  of  dimensions, 
we  find  that  all  the  four  choices  are  correct. 
a 

7.  Dimensions  of  — -  =  dimensions  of  P 

V2 

2 

.•.  Dimensions  of  a  =  dimensions  of  PV  . 

Hence  the  correct  choice  is  (b). 

8.  Dimensions  of  b  =  dimensions  of  V,  which  is 
choice  (b) 


a  dimensions  of  PV 

9.  Dimensions  of  —  =  — - : - — — 

jj  dimensions  ot  V 

=  dimensions  of  PV 

=  dimensions  of  work 

Hence  the  correct  choice  is  (a). 

10.  Dimensions  of  ab  =  dimensions  of  PV 2  x  dimen¬ 
sions  of  V 

=  dimensions  of  (PV3) 

=  ML^'W2  x  (L3)3  =  ML8T  2 
Hence  the  correct  choice  is  (d). 

11.  The  correct  choice  is  (d). 

12.  The  correct  choice  is  (a). 
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Questions  13  and  14  are  based  on  the  following  passage 
Passage  III 

Mean  Free  Path 

During  their  random  motion,  the  molecules  of  a  gas  often 
come  close  to  each  other.  When  the  distance  between 
two  molecules  is  comparable  with  the  diameter  of  a 
molecule,  the  forces  between  them  become  very  strong. 
As  a  result,  their  individual  momenta  before  and  after  the 
encounter  are  different.  When  this  happens  a  ‘collision’ 
is  said  to  have  occurred.  The  average  distance  a  molecule 
travels  before  it  suffers  a  collision  with  another  molecule 
is  called  the  mean  free  path  ( lc ),  which  can  be  estimated 
as  follows.  Suppose  the  average  speed  of  a  molecule  of 
diameter  d  is  v .  In  one  second,  this  molecule  sweeps 
out  a  volume  nd2  v  ,  If  it  finds  any  other  molecules  in 
this  volume,  it  will  suffer  collisions  with  them.  If  n  is 
the  number  density  (i.e.  number  per  unit  volume)  of  the 
molecules,  then  the  number  of  molecules  in  this  volume 
=  nd2  v  n.  The  number  of  collisions  per  second  =  vc 
=  nd 2  v  n.  Therefore,  the  average  time  between  two 
collisions  (called  collision  period  Tc)  is 

ANSWERS  AND  SOLUTIONS 

13.  The  mean  free  path  is  given  by 

/.-W_ 

nd2n 

Hence  the  correct  choice  is  (c). 

14.  The  collision  period  is  given  by 

7  =  ^ 

X  Q  2 _ 

nd  vn 


T  =  —  = 

c  v. 


nd2vn 


Hence  the  mean  free  path  (i.e.  the  average  distance  the 
molecule  travels  between  two  successive  collisions)  is 


lr  =  v  T  = 


For  air  at  S.T.P.  the  value  of  L 


3  X  1 0  7  m. 


13.  The  mean  free  path  of  a  molecule  of  a  gas  depends 

(a)  only  on  its  diameter  ( d) 

(b)  only  on  the  number  density  (n)  of  the  molecules 

(c)  on  both  d  and  n 

(d)  neither  on  d  nor  on  n. 


14.  The  average  collision  period  in  a  gas 

(a)  increases  if  the  pressure  is  increased 

(b)  decreases  if  the  pressure  is  increased 

(c)  increases  if  the  temperature  of  the  gas  is 
increased. 

(d)  decreases  if  the  temperature  of  the  gas  is 
increased. 


If  the  pressure  is  increased,  the  volume  of  the  gas 
decreases.  Hence  number  density  n  increases. 
Therefore,  Tc  will  decrease.  If  the  temperature  of 
the  gas  is  increased,  the  average  speed  v  of  the 
molecules  increases.  Hence  Tc  will  decrease.  Thus 
the  correct  choices  are  (b)  and  (d). 


19 

Chapter 


REVIEW  OF  BASIC  CONCEPTS 

19.1  j  THERMAL  CONDUCTIVITY _ 

If  a  steady  temperature  difference  {Tx  -  T2)  is  to  be 
maintained  between  the  ends  of  a  rod,  heat  must  be 
supplied  at  a  steady  rate  at  one  end  and  the  same  must  be 
taken  out  at  the  other  end.  Suppose  an  amount  of  heat  Q 
flows  through  the  rod  in  time  t  so  that  Qlt  is  the  rate  of 
heat  flow.  Then 

(i)  Qlt  will  be  proportional  to  the  area  A  of  the  cross- 
section  of  the  rod. 

(ii)  Qlt  will  be  proportional  to  (Tl  -  T2). 

(iii)  Qlt  will  be  inversely  proportional  to  /,  the  distance 
between  ends  of  the  rod. 

Thus  we  find  that 

„  0  A(Tx-T2)  Q  k  A(Tx  —T2) 

H  =  —  °c  - ; -  or  —  =  - ; - 

t  l  t  l 

where  Hs  a  constant  of  proportionality  called  the  thermal 
conductivity  of  the  substance.  It  is  a  measure  of  how 
quickly  heat  energy  can  conduct  (flow)  through  the  sub¬ 
stance.  In  the  SI  system,  k  is  expressed  in  Js~*  nT1  °C~*  or 
J  s  1  m  1  K  1  or  WnT1  K  '. 

[k]  =  [MLT3K_1] 


The  ends  of  the  composite  slab  are  maintained  at 
temperatures  Tx  and  T2  (7)  >  TV).  The  rates  of  heat  flow 
through  each  slab  in  the  steady  state  are 

0i  =  M i0r^)  (1) 


and 


02  _  k 2  A2(TI  T2 ) 
t  L 


(2) 


The  cross-sectional  area  of  the  composite  slab  is 
(Ax  +  A2 )  but  its  length  is  L.  If  keq  is  the  equivalent 
thermal  conductivity,  then  the  rate  of  heat  flow  through 
the  composite  slab  is 

Q  _  keq(A1  +  A2)  (7J  -T2) 


19.2 


CONDUCTION  THROUGH  A  COMPOSITE 
SLAB 


Case  I .  Two  slabs  placed  one  on  top  of  the  other 

Suppose  we  have  a  composite  slab  made  up  of  two  different 
slabs  of  materials  of  thermal  conductivities  k]  and  k2,  and 
cross-sectional  areas  Ax  and  A2  but  of  equal  length  L 
placed  one  on  top  of  the  other  as  shown  in  Fig.  19.1. 


Q  01  02 

Since  —  =  —  +  —^~  ,  we  get  from  Eqs.  (1),  (2)  and  (3) 


^eq  (Al  +  ^2)  —  k\  Ax  +  k2  A2 


^eq 


kxAx  +  k2  A2 
A\  +  A2 


(4) 


If- A  1  =  A2’  then  Kq  =  \  (k\  +  kl)- 
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Case  2.  Two  slabs  placed  in  contact  one  after  the 
other 

Suppose  we  have  two  slabs  of  different  lengths  L1  and  L2 
but  of  the  same  cross-sectional  area  A  placed  in  contact  as 
shown  in  Fig.  19.2. 


T0 


The  ends  of  the  composite  slab  are  maintained  at 
temperatures  Tx  and  T1(T]  >  T2).  Let  T0  be  the  temperature 

Q\  Qi 

of  the  junction.  In  the  steady  state,  —  =  —  ,  i.e. 

tt 

kxA{Tx  -T0)  =  k2A(T0-T2 ) 

Lx  L2 

k ,  k2 

=>  T1^!  -  T0)=  -^(T0-  T2) 


T0  = 


^2 

k\ T\ 

Rx 


k  2  L  2 


kx_+kjL 


(5) 


The  rate  of  flow  of  heat  through  the  composite  slab  is 
Q  Q\  02 

—  =  —  or  - 

t  t  t 


Q  kxA(Tx  T0) 

=>  —  =  - 

t  L j 

Using  (5)  in  (6)  and  simplifying,  we  get 
Q  kxk2  A(TX  —T2) 
t  k  ^2^1 


(6) 

(7) 


The  length  of  the  composite  slab  is  ( Lx  +  L2)  but  its 
cross-sectional  area  is  A.  If  keq  is  the  equivalent  thermal 
conductivity  of  the  composite  slab, 


0  =  keqA{Tx-T2) 
t  ( Lx  +  L2 ) 

From  Eqs.  (7)  and  (8),  we  get 


(8) 


_  kxk2  (Lj  +  L2) 
q  kxL2  +  k2Lx 


(9) 


2k, k2 

If  Li  =  L2,  k  =  - —  and 

q  (k  x+k2) 


T0  = 


(kxTx  +  k2T2) 
(kx  +  k2) 


19.3  |  THERMAL  RESISTANCE _ 

Finding  the  equivalent  thermal  conductivity  of  a  composite 
slab  becomes  much  easier  if  we  use  the  concept  of  thermal 
resistance.  Just  as  electrical  resistance  is  defined  as 


n  _  V  potential  difference 

R  —  —  = - . 

/  rate  of  flow  of  charge 


thermal  resistance  is  defined  as 
R  = 


temperature  difference  Lx-T2 


R  = 


rate  of  flow  of  heat 
(Tx-T2)L  l 


Q/t 


k  A(TX  —T2)  kA 

(a)  If  two  slabs  are  joined  in  series  as  shown  in  Fig. 
19.2,  the  equivalent  thermal  resistance  of  the  com¬ 
posite  slab  is 

Req  =  RX  +  R2 


L,  +  L 


keqA 


1  =  Lx 


kx  A 


k2A 


^"eq 


k  xk  2  (Lj  -I-  j 


which  is  Eq.  (9). 


{Lxk2  -I-  L2kx) 

(b)  If  the  two  slabs  are  joined  in  parallel  as  shown  in 
Fig.  19.1,  then 

I  =  _L  J_ 

R  Rx  R2 


keq(Ax+A2)  kxAx 


^2^2 


Kq  = 


(kxAx  +  k2  A2) 
(A  i  +  A2) 


,  which  is  Eq.  (4). 


EXAMPLE  19.1 


A  metal  rod  of  length  30  cm  and  radius  1  cm  is  cov¬ 
ered  with  an  insulating  material.  One  end  of  the  rod 
is  maintained  at  100°C  and  the  other  end  is  immersed 
in  ice  at  0°C.  It  is  found  that  3 1 .4  g  of  ice  melts  in  5 
minutes.  Calculate  the  thermal  conductivity  of  metal. 
Latent  heat  of  fusion  of  ice  =  80  cal  g-1. 


SOLUTION 


Given  L  =  0.3  m,  A  =  nr  =  n x  ( 1 0  2)2  =  tcxIQT4  m2, 
7j  =  100°C  and  T2  =  0°C.  Now 
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Also  -  = 


Q  =  mLf  =  3 1 .4  g  x  80  cal  g  1 
=  31.4  x  80  cal 

=  31.4  x  80  x  4.2  J  ('.■  1  cal  =  4.2  J) 
Q  _  k  A(Tf  -  T2) 

t 


k  = 


L 

QL 


t  A{TX  -T2) 

=  (3 1.4  x  80  x  4.2)  x  0.3 

(5  x  60)  x  (7T  x  10-4)  x  (100  -  0) 
=  336  W  nT1  KT1 


Steel 


7)  =  300°C 


7 

Silver 

?  1 

1 

r,  =  o°c 


Fig.  19.3 


SOLUTION 


0i  Q, 

In  the  steady  state,  —  =  - ,  i.e. 

t  t 

k\  Ax  (Tl  -  T0)  k2A2(T0-T2 ) 


EXAMPLE  19.2 


I  A  cylindrical  metal  boiler  of  radius  10  cm  and 
thickness  3.14  cm  is  filled  with  water  and  placed 
on  an  electric  heater.  If  the  water  boils  at  the  rate 
of  50  g  s-1,  estimate  the  temperature  of  the  fila¬ 
ment.  Thermal  conductivity  of  metal  =  1.13  x 
102  W  itT1  K  1  and  latent  heat  of  vaporisation 
=  2.26  x  103  J  g_1. 


SOLUTION 


Q  =  mLv 

j  =  (50  g  s~3)  x  (2.26  x  103  J  g“‘) 
=  50  x  2.26  x  103  Js^1 


Base  area  of  boiler  A  =  m~2  =  nx  (0.1)2  =  nx  10  2  m2 
Thickness  of  metal  L  =  3.14  cm  =  3.14  x  10~2  m 
Q  =  kA{Tf-Tw) 
t  L 

=>  50  x  2.26  x  103  = 

(1.13  x  102)  x  (^  x  10-2)  x  (?y -Tw) 
3.14  xl0“2 

=>  Tf—  Tw=  1000°C 

Tf  =  1000  +  Tw  =  1000  +  100 
=  1100°C 


EXAMPLE  19.3 


A  steel  rod  (L{  =  10  cm,  A1  =  0.02  m2  and  kl  =  50  J 
s~'  m_1  K_1)  is  welded  to  a  silver  rod  ( L2  =  20  cm,  A2 
=  0.01  m2,  k2  =  400  J  s_1  itT1  K_1)  as  shown  in  Fig. 
19.3.  The  ends  of  the  composite  rod  are  maintained  at 
300°C  and  0°C.  The  rod  is  covered  with  an  insulating 
material  so  that  the  heat  loss  from  the  sides  is  neg¬ 
ligible.  Compute  the  temperature  of  the  steel-silver 
junction  in  the  steady  state. 


50  x  0.02  x  (300  -  T0)  _  400  x  0.01  x  (T0  -  0) 


0.1 


0.2 


T0=  100°C 


EXAMPLE  19.4 


A  steel  rod  (L1=  10  cm,  A1  =  0.02  m2,  kx  =  50  W  nT1 
KT1)  and  a  brass  ( L2  =  10  cm,  A2  =  0.02  m2,  k2=  110 
W  m  1  K  1 )  are  soldered  as  shown  in  Fig.  19.4.  The 
ends  of  the  composite  rod  are  maintained  at  403  K 
and  273  K.  The  sides  of  compound  rod  is  covered 
with  an  insulating  material.  Calculate  the  rate  of  flow 
through  the  compound  rod  in  the  steady  state. 


T.,  =  403  K 


Steel 


Brass 


T2 


=  273  K 


Fig.  19.4 


SOLUTION 


Equivalent  thermal  conductivity  of  the  composite  rod  is 
keq=  +k2)  =  ^(50  +  110) 

=  80  W  nT1  KT1 
Q  =  ^eqX  (A1  +  A2)  (7]  ~  T2) 

t  0.1 

_  80  x  0.04  x  (403 -273) 

0T 

=  4.16  x  103  Js_1 


EXAMPLE  19.5 


A  metal  cylinder  of  radius  r  and  thermal  conductivity 
kx  =  2k  is  surrounded  by  a  cylindrical  metallic  shell 
of  inner  radius  r  and  outer  radius  2 r  having  thermal 
conductivity  k2  =  k  (Fig.  19.5).  The  ends  of  this  com¬ 
posite  system  are  maintained  at  constant  temperatures 
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Tx  and  T2  ( T]  >  T2).  Find  the  equivalent  thermal  con¬ 
ductivity  of  the  system. 


Fig.  19.5 


SOLUTION 


I  The  given  system  is  equivalent  to  a  system  consist¬ 
ing  of  a  rod  of  length  L  and  cross-sectional  area 
A  |  =  nr2  of  conductivity  kx  and  a  rod  of  the  same 
length  L  and  cross-sectional  area  A2  =  n[(2 r)2  -  r2] 
=  3 nr2  and  conductivity  k2  placed  one  on  top  of  the 
other  (in  parallel).  In  the  steady  state 

Q  _  Q\  +  Qi 

t  t  t 

k\  Ax  (Tx  —  T2)  k2  A 2  (7)  -T2) 

- - 1 - 

L  L 

Q  kl(nr2)(Tl-T2)  k2{3nr2){Tx-T2) 

=>  —  =  - + - 

t  L  L 

(i) 


Cross-sectional  area  of  the  composite  system  is  A  = 
id2rf  =  4  m-2.  If  kcq  is  the  equivalent  conductivity, 
then 


Q  =  ^eq  (4 nr2)(Tx-T2) 
t  L 

From  (i)  and  (ii)  we  find  that 
4  kcq=  kx  +  3  k2 

_  kx  +  3 k2  _  2k  +  3k  _  5k 


(ii) 


EXAMPLE  19.6 


A  cylindrical  metallic  shell  has  inner  radius  rx  =  2  cm 
and  outer  radius  r2  =  4  cm  and  it  has  a  length  L  =  50 
cm.  The  inner  and  outer  surfaces  are  maintained  at  Tx 
=  0°C  and  T2  =  100°C.  The  thermal  conductivity  of 
metal  is  69.3  WnT'lC1.  Find  the  rate  of  flow  of  heat 
from  the  outer  to  the  inner  surface. 


SOLUTION 


Refer  to  Fig.  19.6. 


Consider  a  small  element  of  thickness  dr  at  a  distance 
r  from  the  axis  of  the  shell.  Let  dT  be  the  temperature 
between  the  inner  and  outer  surfaces  of  the  element. 
If  H  is  the  rate  of  heat  flow  in  the  element, 


H  = 


k  x  2  nrL  x  dT 


dr 

dr  _  2nkLdT 
r 


H 


Integrating 


1  dr 
r 


2 nkL  Tl- 


H 


jdT 


'1 


2 

V'i  J 

(  /t  V 


In 


In  | 

4  cm 


2  nkL 
H 


x  (T2  -  Tx) 


2  cm 


0.693  = 


2x3.14x69.3x0.5 

H 


x  (100  -  0) 


2x3.14x69.3x0.5x100 

H 


H  =  3.14  x  104  Js_ 


19.4  !  CONVECTION 

_ i _ 

In  convection  heat  is  transferred  by  the  physical  movement 
of  matter  (fluid).  No  such  large-scale  movement  of  matter 
is  involved  in  conduction  where  heat  energy  is  transported 
by  molecules  via  collisions  in  their  local  regions. 

19.5  j  RADIATION _ 

All  bodies  emit  heat  from  their  surfaces  at  all  tempera¬ 
tures.  The  heat  radiated  by  a  body  is  called  radiant  heat 
or  thermal  radiation.  Thermal  radiations  are  electro¬ 
magnetic  waves  which  travel  in  space  with  a  velocity 
equal  to  that  of  light. 

(1)  Black  Body  A  perfect  black  body  is  one  which 
completely  absorbs  radiations  of  every  wavelength 
incident  on  it.  A  good  absorber  of  radiations  is  also  a  good 
emitter  of  radiations.  Consequently,  a  black  body,  when 
heated  to  a  suitably  high  temperature,  will  emit  radiations 
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of  all  wavelengths.  Such  radiation  is  called  black  body 
radiation. 

(2)  Emissive  Power  The  emissive  power  (e)  of  a  body  is 
the  amount  of  heat  energy  emitted  per  second  from  a  unit  area 
of  a  radiating  surface.  The  SI  unit  of  e  is  Js  m  "  or  Wm  . 

(3)  Absorptive  Power  The  absorptive  power  of  a  body 
is  the  ratio  of  radiant  energy  absorbed  by  it  to  the  total 
amount  of  radiant  energy  incident  on  it.  It  is  denoted 
by  a  and  is  a  fraction.  Since,  by  definition,  a  black  body 
completely  absorbs  all  radiations,  a  =  1  for  a  black  body. 

(4)  Kirchhoff’s  Law  At  any  given  temperature  and 
for  radiations  of  the  same  wavelength,  the  ratio  of  the 
emissive  power  to  the  absorptive  power  is  the  same  for 
all  substances,  i.e. 

e 

—  =  constant 

a 

(5)  Stefan’s  Law  The  total  energy  emitted  per  second 
by  a  unit  area  of  a  black  body  is  proportional  to  the  fourth 
power  of  its  absolute  temperature,  i.e. 

focf4  or  E  =  oT4 

where  a  is  a  constant  known  as  Stefan’s  constant.  Its 
value  is 

(7=  5.735  x  10  8  Wm  2  K  4 


When  a  black  body  at  absolute  temperature  T  is  surround 
by  another  black  body  at  a  lower  absolute  temperature,  T0, 
then  the  net  amount  of  heat  energy  lost  by  the  body  at  a 
higher  temperature  is  given  by 

E=g(T4-T4) 

This  is  known  as  Stefan-Boltzmann  law.  If  the  body  is  not 
a  perfect  black  body,  then 


E=  EG  (T4  -  Tq) 

where  emissivity  e  is  always  less  than  unity. 

Emissivity  e  of  a  body  is  defined  as  the  ratio  of  its  emissive 
power  to  that  of  the  black  body. 

(6)  Newton’s  Law  of  Cooling  The  rate  of  loss  of  heat 
by  a  body  is  directly  proportional  to  the  excess  of  its 
temperature  over  that  of  its  surroundings,  provided  this 
temperature  difference  is  small,  i.e. 
dQ 
dt 


(T-T0) 


where  T  is  the  temperature  of  the  body  and  T0  that  of  the 
sumoundings.  If  m  is  the  mass  of  the  body,  5  its  specific 
heat  and  dT  the  change  in  temperature  in  time  dt,  then 
dQ  =  msdT.  Therefore, 


dQ 

dt 


ms 


dT 

dt 


- k(T-T0 ) 


where  —  k  is  a  constant  of  proportionality.  Thus 


dT  k 

= - dt 

ms 


Integrating  between  limits  T]  and  T2,  we  have 


|log  e(T~T0t  =~—t, 

1  ms 


t 


K  log. 


V-V 


where  K  =  — 

k 

This  expression  gives  the  time  taken  by  a  body  to  cool  from 
Tl  to  T2  when  placed  in  a  medium  of  temperature  T0. 

An  approximate  fonnula  is 

tazIl  „  IfZLtZi 

t  K\  2 

(7)  Wien ’s  Displacement  Law  As  the  temperature  of  a 
black  body  increases,  the  maximum  intensity  of  emission 
shifts  (or  is  displaced)  towards  shorter  wavelengths.  In 
other  words, 

XmT  =  b  =  constant 

where  Xm  is  the  wavelength  at  which  maximum  emission 
takes  place  at  absolute  temperature  T.  The  value  of 
constant  b  is 

b  =  2.89  x  1 0  mK  (metre  kelvin) 


EXAMPLE  19.7 


The  surface  area  of  the  skin  of  a  person  is  2  m2.  He 
is  sitting  in  a  room  where  the  air  temperature  is  27°C. 
If  his  skin  temperature  is  37°C,  calculate  the  rate  at 
which  his  body  loses  heat.  The  emissivity  of  his  skin  is 
0.8  and  Stefan’s  constant  <7=  5.7  x  1 0  x  W  m  2  K  *. 


SOLUTION 


T=  273  +  37  =  310  K  and  T0  =  273  +  27  =  300  K 
Rate  of  loss  of  heat  =  e  A  g(Ta-  T04) 

=  0.8  x  2  x  (5.7  x  10~8)  [(3 1 0)4  -  (300)4] 
=  1.03  x  102  W 


EXAMPLE  19.8 


Experimental  investigations  show  that  the  intensity  of 
solar  radiation  is  maximum  for  a  wavelength  475.3  nm. 
Estimate  the  surface  temperature  of  the  sun.  Wien’s 
constant  b  2.89  x  1 0  mK. 


SOLUTION 


According  to  Wien’s  law,  Xm  T=  b. 

_b_  =  2.89  x  10~3 
Xm  475.3  xl0“9 


(T-T0) 


=  6080  K 
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EXAMPLE  19.9 


If  the  temperature  at  the  end  of  next  6  minutes  is  T, 
then 


A  body  cools  from  80°C  to  50°C  in  6  minutes  in  a 
room  where  the  temperature  is  20°C.  What  is  the  tem¬ 
perature  of  the  body  at  the  end  of  next  6  minutes? 


SOLUTION 


Given  logt, 
or 


80-20) 
50  -  20  J 


6  K 


log,  (2)  =  6  K 


(i) 


log. 


"50-20 
kT-  20 


\ 


From  (i)  and  (ii) 


l08'  (r^o)  ' 

30  =  2(T  -  20) 
T=  35°C 


6  K 


log,  (2) 


(ii) 


# 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


same 

if 

(a) 

A 

a2 

ii 

(b) 

A 

a2 

(c) 

A 

a2 

K  A 

ki  0i 

(d) 

A 

a2 

1.  Two  different  metal  rods  of  the  same  length  have 
their  ends  kept  at  the  same  temperatures  0,  and  02 
with  d2  >  6\.  If  Al  and  A2  are  their  cross-sectional 
areas  and  kx  and  k2  their  thermal  conductivities, 
the  rate  of  flow  of  heat  in  the  two  rods  will  be  the 


b, 

K 

k2  02 

Mi 

2.  A  cylinder  of  radius  R  made  of  a  material  of 
thermal  conductivity  k,  is  surrounded  by  a  cylin¬ 
drical  shell  of  inner  radius  R  and  outer  radius  2 R 
made  of  a  material  of  thermal  conductivity  k2.  The 
two  ends  of  the  combined  system  are  maintained 
at  two  different  temperatures.  There  is  no  loss  of 
heat  across  the  cylindrical  surface  and  the  system  is 
in  steady  state.  The  effective  thermal  conductivity 
of  the  system  is 

k,  k  2 
(b)  1  2 


(a)  kx  +  k2 


(c) 


kx  +  3  k2 


(d) 


K  +k2 

3  kx  +  k2 


<  IIT,  1988 

3.  Two  different  metal  rods  of  equal  lengths  and  equal 
areas  of  cross-section  have  their  ends  kept  at  the 
same  temperatures  0,  and  02.  If  kx  and  k2  are  their 
thermal  conductivities,  p,  and  p2  their  densities  and 
.V,  and  .v 2  their  specific  heats,  then  the  rate  of  flow 
of  heat  in  the  two  rods  will  be  the  same  if 


(a) 


Pi 

Pi  s2 


(b) 


Pi  s2 
Pls\ 


(C) 


(d)  kx  =  k2 


A  _ 

l(2  02 

4.  A  slab  of  stone  of  area  0.34  m2  and  thickness 
10  cm  is  exposed  on  the  lower  face  to  steam  at 
100°C.  A  block  of  ice  at  0°C  rests  on  the  up¬ 
per  face  of  the  slab.  In  one  hour,  3.6  kg  of  ice  is 
melted.  Assume  that  the  heat  loss  from  the  sides 
is  negligible.  The  latent  heat  of  fusion  of  ice  is 
3.4  X  105  J  kg~*.  What  is  the  thermal  conductivity 
of  the  stone  in  units  of  Js_1m_1  CT1? 

(a)  1.0  (b)  1.5 

(c)  2.0  (d)  2.5 

5.  The  tungsten  filament  of  an  electric  lamp  has  a  sur¬ 
face  area  A  and  a  power  rating  P.  If  the  emissivity 
of  the  filament  is  8  and  o  is  Stefan’s  constant,  the 
steady  temperature  of  the  filament  will  be 

f  E>  A2  E> 


(a)  T  = 


(c)  T  = 


yAE  O  j 

(  p  V/2 


A  £  <7 


(b)  T  = 


(d)  T  = 


Aeo 


f 


\l/4 


Aeo 


6.  What  are  the  dimensions  of  Stefan’s  constant? 
(a)  ML  2T  2K  4  (b)  ML  ‘T  2K 


(c)  MLT  3K  4 


-2^-2^-4  (b)  ML-1T-2^^ 

(d)  ML°T~3IC4 


7.  The  amount  of  energy  radiated  by  a  body  depends 
upon 

(a)  the  nature  of  its  surface 

(b)  the  area  of  its  surface 
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(c)  the  temperature  of  its  surface 

(d)  all  the  above  factors 

8.  The  wavelength  of  the  radiation  emitted  by  a  body 
depends  upon 

(a)  the  nature  of  its  surface 

(b)  the  area  of  its  surface 

(c)  the  temperature  of  its  surface 

(d)  all  the  above  factors 

9.  A  composite  slab  consists  of  two  slabs  A  and  B  of 
different  materials  but  of  the  same  thickness  placed 
one  on  top  of  the  other.  The  thermal  conductivities 
of  A  and  B  are  kx  and  k2  respectively.  A  steady 
temperature  difference  of  12°C  is  maintained  across 
the  composite  slab.  If  kx  =  k2/1,  the  temperature 
difference  across  slab  A  will  be 

(a)  4°C  (b)  8°C 

(c)  12°C  (d)  16°C 

10.  Two  cylindrical  rods  of  lengths  lx  and  /2,  radii 
rx  and  r2  have  thermal  conductivities  kx  and  k2 
respectively.  The  ends  of  the  rods  are  maintained 
at  the  same  temperature  difference.  If  lx  =  2 12  and 
rx  =  r2H,  the  rates  of  heat  flow  in  them  will  be  the 
same  if  kxlk2  is 

(a)  1  (b)  2 

(c)  4  (d)  8 

11.  A  solid  sphere  and  a  hollow  sphere  of  the  same 
material  and  size  are  heated  to  the  same  temper¬ 
ature  and  allowed  to  cool  in  the  same  surround¬ 
ings.  If  the  temperature  difference  between  the 
surroundings  and  each  sphere  is  T,  then 

(a)  the  hollow  sphere  will  cool  at  a  faster  rate 
for  all  values  of  T 

(b)  the  solid  sphere  will  cool  at  a  faster  rate  for 
all  values  of  T 

(c)  both  spheres  will  cool  at  the  same  rate  for 
all  values  of  T 

(d)  both  spheres  will  cool  at  the  same  rate  only  for 
small  values  of  T. 

12.  If  the  temperature  of  a  black  body  increases  from 
7°C  to  287°C,  then  the  rate  of  energy  radiation 
increases  by  a  factor  of 

(a)  (f  j‘  (b)  ,6 

(c)  4  (d)  2 

13.  A  body  cools  from  60°C  to  50°C  in  10  minutes.  If 

the  room  temperature  is  25°C  and  assuming  new¬ 
ton’s  law  of  cooling  to  hold  good,  the  temperature 
of  the  body  at  the  end  of  next  10  minutes  will  be 
(a)  38.5°C  (b)  40°C 

(c)  42.85°C  (d)  45°C 


14.  Two  rods  of  the  same  length  and  material  transfer 
a  given  amount  of  heat  in  12  seconds  when  they 
are  joined  end  to  end.  But  when  they  are  joined 
lengthswise,  they  will  transfer  the  same  amount  of 
heat,  in  the  same  conditions,  in 
(a)  24  s  (b)  3  s 

(c)  1.5  s  (d)  48  s 


15.  A  body  cools  from  50.0°C  to  49.9°C  in  5s.  How 
long  will  it  take  to  cool  from  40.0°C  to  39.9°C? 
Assume  the  temperature  of  the  surroundings  to  be 
30.0°C  and  Newton’s  law  of  cooling  to  be  valid, 
(a)  2.5  s  (b)  10  s 

(c)  20  s  (d)  5  s 


16.  Three  rods  of  identical  cross-sectional  area  and 
made  from  the  same  metal  form  the  sides  of  an 
isosceles  triangle  ABC,  right  angled  at  B.  The 
points  A  and  B  are  maintained  at  temperatures  T 
and  72  T  respectively.  In  the  steady  state,  the 
temperature  of  point  C  is  Tc.  Assuming  that  only 
heat  conduction  takes  place,  the  ratio  TC!T  is 


1  3 


(a) 

2(72  - 1) 

(b) 

72  +  1 

(c) 

1 

(d) 

1 

73(72  - 1) 

72  +  1 

'• 


IIT,  1995 


17.  Two  metallic  spheres  .Sj  and  S2  are  made  of  the  same 
material  and  have  identical  surface  finish.  The  mass  of 
.Sj  is  three  times  that  of  S2.  Both  the  spheres  are  heated 
to  the  same  high  temperature  and  placed  in  the  same 
room  having  lower  temperature  but  are  thermally 
insulated  from  each  other.  The  ratio  of  the  initial  rate 
of  cooling  of  Sj  to  that  of  S2  is 


(a) 

(c) 


1 

3 

73 

1 


(b) 

(d) 


1 

73 


■  IIT,  1995 

18.  A  spherical  black  body  of  radius  12  cm  radiates  450 
W  power  at  500  K.  If  the  radius  were  halved  and 
the  temperature  doubled,  the  power  radiated  in  watt 
would  be 

(a)  225  (b)  450 

(c)  900  (d)  1800 


<  IIT,  1997 

19.  A  black  body  is  at  a  temperature  of  2880  K.  The 
energy  of  radiation  emitted  by  this  body  between 
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wavelengths  499  nm  and  500  nm  is  Ux,  between 
999  nm  and  1000  nm  is  U2  and  between  1499  nm 
and  1500  nm  is  U3.  The  Wien’s  constant  b  =  2.88 
x  1 06  nm  K.  Then 

(a)  Ux  =  0  (b)  U3  =  0 

(c)  Ux  >  U2  (d)  U2  >  Ux 

<  IIT,  1998 

20.  The  plots  of  intensity  versus  wavelength  of  three 
black  bodies  at  temperatures  7j,  T2  and  T3  respec¬ 
tively  are  shown  in  Fig.  19.7.  Their  temperatures 
are  such  that 


Fig.  19.7 


tx>t2>  t3 


(a) 

(c)  T2  >  T,  >  T , 


T1>Ti>  T2 


(b) 

(d)  T3>  T2>  Tx 

<  IIT,  2000 

21.  When  the  temperature  of  a  black  body  increases, 
it  is  observed  that  the  wavelength  corresponding 
to  maximum  energy  changes  from  0.26  pm  to 
0.13  pm.  The  ratio  of  the  emissive  powers  of  the 
body  at  the  respective  temperature  is: 


,  x  16 

(a)  -j- 

< 

<C)  \ 

If  the  temperature  of  the  sun  were  to  increase  from 

T  to  2 T  and  its  radius  from  R  to  2 R,  then  the  ratio 
of  the  radiant  energy  received  on  earth  to  what  it 

was  previously  will  be 
(a)  4 

(b)  16 

(c)  32  (d)  64 

23.  The  temperatures  of  the  two  outer  surfaces  of  a 
composite  slab,  consisting  of  two  materials  hav¬ 
ing  coefficients  of  thermal  conductivity  K  and  2 K 
and  thickness  x  and  4x,  respectively,  are  T2  and  Tx 
( T2  >  Tx).  The  rate  of  heat  transfer  through  the 

(  A(T2 -Tx)K' 


slab,  in  a  steady  state  is  I  - 
equal  to  (see  Fig.  19.8)  v 


f  with  / 


(a)  1 
(c)  2/3 


(b)  1/2 
(d)  1/3 


-Ax  - 


90°C 


90°C 


Fig.  19.8 

24.  Three  rods  made  of  the 

same  material  and  having 
the  same  cross-section  0°C  ■ 
have  been  joined  as  shown 
in  Fig.  19.9.  Each  rod  is  of 
the  same  length.  The  left  Fig.  19.9 

and  right  ends  are  kept  at 

0°C  and  90°C  respectively.  The  temperature  of  the 
junction  of  the  three  rods  will  be 
(a)  45°C  (b)  60°C 

(c)  30°C  (d)  20°C 

<  IIT,  2001 

25.  An  ideal  black-body  at  room  temperature  is  thrown 
into  a  furnace.  It  is  observed  that 

(a)  initially  it  is  the  darkest  body  and  at  later 
times  the  brightest 

(b)  it  is  the  darkest  body  at  all  times 

(c)  it  cannot  be  distinguished  at  all  times 

(d)  initially  it  is  the  darkest  body  and  at  later 
times  it  cannot  be  distinguished. 

<  IIT,  2002 

26.  The  graph,  shown  in 
Fig.  19.10,  shows  the 
fall  of  temperature 
( T )  of  two  bodies 
x  and  y,  having  the 
same  surface  area, 
with  time  ( t )  due  to 
emission  of  radia¬ 
tion.  Find  the  cor¬ 
rect  relation  between 
emissive  power  ( E ) 

and  absorptive  power  (a)  of  the  two  bodies. 


Fig.  19.10 


(a)  Ex 
(c)  Ex 


>  Ey,  ax  <  ay 

>  Ey,  ax  >  ay 


(b) 

(d) 


Ex  <  Ey,  ax  >  cty 
EX  <  Er  ax  K  ay 

gH  IIT,  2003 
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27.  A  rod  1  m  long  and  made  of  material  of  thermal 
conductivity  420  W/m/K  has  one  of  its  ends  in 
melting  ice  and  the  other  end  in  boiling  water.  If  its 
area  of  cross-section  is  10  cm",  the  amount  of  ice 
that  melts  in  1  minute  is 

(a)  0.125  g  (b)  75  g 

(c)  7.5  g  (d)  450  g 

28.  A  body  cools  from  75°C  to  65°C  in  5  minutes  in  a 
room  where  the  temperature  is  25°C.  The  tempera¬ 
ture  of  the  body  at  the  end  of  next  5  minutes  will  be 

(a)  55°C  (b)  56°C 

(c)  57°C  (b)  58°C 

29.  A  liquid  takes  6  minutes  to  cool  from  80°C  to  50°C. 
If  the  temperature  of  the  surroundings  is  20°C,  how 
long  will  it  take  to  cool  from  60°C  to  30°C? 

(a)  6  min.  (b)  8  min. 

(c)  10  min.  (d)  12  min. 

30.  A  body  initially  at  80°C  cools  to  64°C  in  5  minutes 
and  to  52°C  in  10  minutes.  The  temperature  of  the 
surroundings  is 

(a)  15°C  (b)  16°C 

(c)  20°C  (d)  25°C 

31.  In  Q.  30  above,  the  temperature  of  the  body  at  the 
end  of  1 5  minutes  will  be 

(a)  41°C  (b)  43°C 

(c)  45°C  (b)  47°C 

32.  Two  rods  of  different  materials  having  coefficients 
of  thermal  expansion  cq,  a2  and  Young’s  modu- 
lii  T|,  Y2  respectively  are  fixed  between  two  rigid 
massive  walls.  The  rods  are  heated  such  that  they 
undergo  the  same  increase  in  temperature.  There  is 
no  bending  of  the  rods.  If  cq  :  a2  =  2  :  3,  the  ther¬ 
mal  stresses  developed  in  the  two  rods  are  equal 
provided  Yl  :  Y2  is  equal  to: 

(a)  2  :  3  ~  (b)  1:1 

(c)  3  :  2  (d)  4  :  9 

33.  A  sphere,  a  cube  and  a  thin  circular  plate  have  the 
same  mass  and  are  made  of  the  same  material.  All 
of  them  are  heated  to  the  same  temperature.  The 
rate  of  cooling  is 

(a)  the  maximum  for  the  sphere  and  minimum 
for  the  plate. 

(b)  the  maximum  for  the  sphere  and  minimum 
for  the  cube. 

(c)  the  maximum  for  the  plate  and  minimum  for 
the  sphere. 

(d)  the  same  for  all  the  three. 

34.  Experimental  investigations  show  that  the  intensity 
of  solar  radiation  is  maximum  for  a  wavelength 
480  nm  in  the  visible  region.  Estimate  the  surface 


temperature  of  the  sun.  Given  Wien’s  constant 
b  =  2.88  x  10~3  mK. 

(a)  5000  K  (b)  6000  K 

(c)  8000  K  (b)  106  K 

35.  The  surface  of  the  earth  receives  solar  radiation  at 
the  rate  of  1400  Wm  2.  The  distance  of  the  centre  of 
the  sun  from  the  surface  of  the  earth  is  1.5  x  1011  m 
and  the  radius  of  the  sun  is  7.0  x  1 08  m.  Treating  the 
sun  as  a  black  body,  it  follows  from  the  above  data 
that  the  surface  temperature  of  the  sun  is  about 

(a)  5800  K  (b)  5900  K 

(c)  6000  K  (d)  6100  K 

36.  In  the  first  experiment,  two  identical  conducting 
rods  are  joined  one  after  the  other  and  this  combi¬ 
nation  is  connected  to  two  vessels,  one  containing 
water  at  100°C  and  the  other  containing  ice  at  0°C 
(see  Fig.  19. 1 1).  In  the  second  experiment,  the  two 
rods  are  placed  one  on  top  of  the  other  and  con¬ 
nected  to  the  same  vessels.  If  qx  and  q2  (in  gram  per 
second)  are  the  respective  rates  of  melting  of  ice  in 


the  two  cases,  then  the  ratio  —  is 

<72 

(a)  A  (b)  A 

2  1 


Fig.  19.11 


37.  Two  spheres  A  and  B  having  radii  3  cm  and  5  cm 
respectively  are  coated  with  carbon  black  on  their 
outer  surfaces.  The  wavelengths  of  maximum  in¬ 
tensity  of  emission  of  radiation  are  300  nm  and  500 
nm  respectively.  The  respective  powers  radiated  by 
them  are  in  the  ratio  of 


<  IIT,  2004 
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38.  In  which  of  the  following  processes  is  the  heat 
transfer  promarily  due  to  radiation? 

(a)  Boiling  of  water 

(b)  Land  and  sea  breezes 

(c)  Heating  of  a  metal  rod  placed  over  a  flame 

(d)  Heating  of  the  glass  surface  of  an  electric 
bulb  due  to  current  in  its  filament. 

<  IIT,  2005 

39.  A  spherical  body  of  emissivity  e,  placed  inside  a 
perfectly  black  body  (emissivity  =  1),  is  maintained 
at  absolute  temperature  T.  The  energy  radiated  by 
a  unit  area  of  the  body  per  second  will  be  (cr  is  Ste¬ 
fan’s  constant) 

(a)  oT4  (b)  eoT4 

(c)  (1  -  £)  oT4  (d)  (1  +  e)  oT4 

<  IIT,  2005 

40.  Two  spherical  balls  A  and  B  made  of  the  same 
material,  are  heated  to  the  same  temperature.  They 
are  then  placed  in  identical  surroundings.  If  the 
diameter  of  A  is  twice  that  of  B,  the  ratio  of  rates  of 
cooling  of  A  and  B  will  be 

(a)  1:1  (b)  2  :  1 

(c)  4  :  1  (d)  1:4 

41.  A  cubical  ice  box  is  made  of  thermocole  of  thick¬ 
ness  5.4  cm.  Each  side  of  the  box  is  30  cm.  A 
lump  of  ice  of  mass  500  g  is  placed  in  the  box. 
The  box  is  suspended  in  a  room  at  a  temperature  of 
40  °C.  If  the  coefficient  of  thermal  conductivity  of 
thermocole  is  1.0  X  1 0  2  WnT1  K  1  and  latent  heat 
of  fusion  of  water  is  3.35  X  1 05  J  kg-1,  the  mass  of 
ice  left  unmelted  in  3  hours  is  very  nearly  equal  to 


(a)  370  g  (b)  335  g 

(c)  285  g  (d)  258  g 

42.  A  layer  of  ice  at  0  °C  of  thickness  x1  is  floating  on  a 
pond  of  water.  L,  p  and  k  respectively  are  the  latent 
heat  of  fusion  of  water,  density  of  ice  and  thermal 
conductivity  of  ice.  If  the  atmospheric  temperature 
is  —  T  °C,  the  time  taken  for  the  thickness  of  the 
layer  of  ice  to  increase  from  x1  to  x2  is  given  by 


(a) 

(x,  +  x2)2 

(b) 

y-  (X2  ~  *i)‘ 

2kT 

kT 

(c) 

Pl{x\  x ?) 

2kT  v  2  '  ' 

(d) 

—  {x22-x2) 
kT  V  2  1  ’ 

43.  Two  identical  rods  AB  and  CD,  each  of  length 
L,  cross-sectional  area  A  and  thermal  conductiv¬ 
ity  k  are  connected  as  shown  in  Fig.  19.12.  Ends 
A,  C  and  D  are  maintained  at  temperatures  Tl  = 
20°C,  T2  =  30°C  and  T2  =  40°C  respectively.  The 
temperature  at  B  is 
(a)  32  °C  (b)  33  °C 

(c)  34  °C  (d)  35  °C 


LI  2 - 4* - LI  2 


Fig.  19.12 


ANSWERS 


1. 

(b) 

2. 

(c) 

3. 

(d) 

7. 

(d) 

8. 

(c) 

9. 

(b) 

13. 

(c) 

14. 

(d) 

15. 

(b) 

19. 

(d) 

20. 

(b) 

21. 

(d) 

25. 

(a) 

26. 

(c) 

27. 

(c) 

31. 

(b) 

32. 

(c) 

33. 

(c) 

37. 

(c) 

38. 

(d) 

39. 

(b) 

43. 

(a) 

SOLUTION 

1.  Rate  of  flow  is  Q-  =  kA^~6^ 
t  I 

Since  (02  -  0,)  and  /  are  the  same  for  the  two  rods, 
the  rate  of  flow  Q/t  will  be  the  same  if  the  product 
kA  is  the  same  for  the  two  rods,  i.e.  if 


4. 

(a) 

5. 

(d) 

6. 

(d) 

10. 

(d) 

11. 

(c) 

12. 

(b) 

16. 

(b) 

17. 

(d) 

18. 

(d) 

22. 

(d) 

23. 

(c) 

24. 

(b) 

28. 

(c) 

29. 

(d) 

30. 

(b) 

34. 

(b) 

35. 

(a) 

36. 

(d) 

40. 

(c) 

41. 

(a) 

42. 

(c) 

A\  k2 

Mi  =  Mi  or  X  =  Tx 

Hence  the  correct  choice  is  (b). 

2.  Let  the  length  of  the  cylinder  be  /  and  let  its  ends 
be  maintained  at  temperatures  0,  and  02.  Area  of 
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the  cross-section  of  the  inner  cylinder  =  nR~.  Area 
of  cross-section  of  outer  cylinder  =  t^IR)2  -  nR2 
=  3nR2. 

Rate  of  flow  of  heat  across  inner  cylinder  is 

Q  =  kyJtR  (fy  ~^2 )  (i) 

Rate  of  flow  of  heat  across  the  outer  shell  is 

k2(37rR2)(el-e2) 


02  = 


/ 


GO 


Let  the  effective  thermal  conductivity  of  the 
compound  cylinder  be  k.  The  rate  of  flow  of  heat 
across  the  compound  cylinder  is 


k{AnR2){9y-92) 
y  / 


(iii) 

(iv) 


Now  0  =  01  +  02 
Using  (i),  (ii)  and  (iii)  in  (iv)  we  get  4  k  =  ky  +  3 k2 
k\  +  3  k2 


or 


k  = 


Hence  the  correct  choice  is  (c). 

3.  Refer  to  the  solution  of  Q.  1.  The  correct  choice 
is  (d). 

4.  Amount  of  heat  flowing  through  the  stone  in  1  hour 
=  mL,  where  m  is  the  mass  of  ice  melted  and  L  its 
latent  heat.  Now  time  (?)  =  1  hour  =  3600  s  and 
thickness  d  =  10  cm  =  0.1  m.  The  rate  of  flow  of 
heat  is 

<>  • "" 


Thermal  conductivity  k  = 


Qd 


A(9 2  -6»i) 
mLd 

tA(e2-e,) 


=  3.6  x  3.4  x  10s  x  0.1  =  |  ^  ^  oc_1 

3600  x  0.34  x  (100-0) 

Hence  the  correct  choice  is  (a). 

5.  The  energy  radiated  per  second  per  unit  area  at  tem¬ 
perature  T  is  given 

=  asT4 

Thus,  the  energy  radiated  per  second  (or  power 
radiated)  from  the  filament  of  area  A  is 

(  P  v/4 

P  =  A  a  eT4  or  T  =  - 

\AaeJ 

Hence  the  correct  choice  is  (d). 

6.  The  energy  emitted  per  unit  area  per  second  by  a 
black  body  is  given  by 


E=  oT4 

where  <7  is  the  Stefan’s  constant  and  T  is  the 
absolute  temperature. 


E 


Dimensions  of  <J  = 

dimensions  of  energy  per  unit  area  per  second 
dimension  of  T4 


ML2T~2  X  L~2  x  T  1 

K4 


=  ML°T~3  K  4 


7.  The  correct  choice  is  (d). 

8.  The  correct  choice  is  (c). 

9.  Let  and  02  be  the  temperatures  at  the  two  faces 
of  the  composite  slab  and  let  9  be  the  temperature 
at  the  common  face  of  the  slab.  If  /  is  the  length 
of  each  slab  and  A  the  area  of  their  face,  then,  in 
the  steady  state,  the  rate  of  flow  of  heat  across  A  = 
rate  of  flow  of  heat  across  B,  i.e. 


M(e  i-e)  =  k2A(e-e2) 

i  i 

or  -  6)  =  k2(d  -  e2) 

Now  k2  =  2k j.  Therefore 

(dy- 0)  =  2(e- e2)  (i) 

Also,  dy-d2=  12°C  or  ft,  =  01 -12  (ii) 

Using  (ii)  in  (i)  we  have 

(@y  -  &)  =  2{9  -  (0y  -  12)} 

or  3(0j  -  9)=  24  or  0y  -  9=  8°C 

Hence  the  correct  choice  is  (b). 


10.  The  rate  of  heat  flow  in  rods  A  and  B  are 

0i  _  kynr2  A9  02.  _  k2nr2  A 9 

l  Jy  “  t  T2 

01  =  02’  if 


h 


^2r2 

h 


or 


K 

k2 


l  r 2  , 

-f  x  4=2x(2)2=  8 
l2  Ty 


Hence  the  correct  choice  is  (d). 

11.  The  rate  at  which  a  sphere  radiates  heat  depends 
upon  its  material,  its  surface  area  and  its  tempera¬ 
ture.  Therefore,  the  solid  and  the  hollow  spheres, 
being  of  the  same  material  and  of  the  same  size  and 
at  the  same  temperature,  will  cool  at  the  same  rate. 
Hence  the  correct  choice  is  (c). 

12.  From  Stefan’s  law,  E  =  oT4.  Therefore 

Ey  =  <7(273  +  l)4 
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E,.  <7(273  +  287)4  A 


Ey  V280  J 
=  (2)4  =  16 

Hence  the  correct  choice  is  (b). 

13.  According  to  Newton’s  law  of  cooling,  the  rate  of 
loss  of  heat  is  given  by 

^-=k(T-T0) 

At 

where  k  is  a  constant,  T  is  the  average  temperature 
in  time  interval  At  and  T0  is  the  temperature  of  the 
surroundings.  If  m  is  the  mass  of  the  body  and  5  its 
specific  heat,  then  (here  6  is  the  temperature  at  the 
end  of  the  next  1 0  minutes) 

ms  (60 -50)  (50  +  60  . 

- - - -  =  k - 25  |  and 

10  min  v  2 

ms  (50  -  0)  =  k  f  50  +  0  _ 

1 0  min  V  2 

Dividing  the  two  equations  and  solving,  we  get 
0  =  42.85°C.  Hence  the  correct  choice  is  (c). 

14.  Let  Q  be  the  heat  transferred.  If  k  is  the  thermal 
conductivity  of  each  rod,  their  equivalent  conduc¬ 
tivity,  when  they  are  joined  in  series  (end  to  end)  is 
2k.  If  /  |  is  time  of  transfer  of  heat,  then 

_  (2k)  A  A9tx 
01  / 

If  the  rods  are  joined  in  parallel  (lengthwise)  the 
equivalent  conductivity  is  k/2. 

^AAQt! 


Hence  Q2  = 


l 


Now  Q j  =  02  (given).  Therefore 
2kAA9tl  _  kAAOt 


or  u  =  At,  =  4  x  12 


=  48  s 


I  21 

Hence  the  correct  choice  is  (d). 

15.  According  to  Newton’s  law  of  cooling,  the  rate 
of  cooling  is  proportional  to  the  difference  be¬ 
tween  the  temperature  of  the  body  and  that  of  the 
surroundings.  In  the  first  case,  this  temperature 
difference  =  50  —  30  =  20°  and  in  the  second  case 
the  temperature  difference  =  40  —  30  =  10°.  Since 
the  temperature  difference  in  the  second  case  is  half 
that  in  the  first  case,  the  rate  of  cooling  will  also  be 
half.  Hence  the  correct  choice  is  (b) 

16.  Refer  to  Fig.  19.13.  Since  TB  >  TA,  heat  flows  from 
B  to  A  and  from  B  to  C.  In  the  steady  state,  rate 
of  flow  of  heat  from  B  to  C  =  rate  of  flow  of  heat 

from  C  to  A,  i.e.  —  =  — 
t  t 


or 


which  gives 


ic_ 

T 


(v  TB=T42) 


V2 +  1 

17.  The  rate  of  loss  of  heat  is  given  by 

d9  2  rr  4 

ms  —  =  (4  nr")  oT 
dt 

dQ 

Initial  rate  of  cooling  is  —  — .  Since 

4  dt  ms 

m  =  —  71  r  p,  r  °c  m  .  Hence 

3  dO  m2n 

-  oc  - 

dt  m 


1/  3 


Therefore 


dO 

dt 


for  S[ 


d° ,  _ 
—  for  S-, 
dt  2 


m  of  S0 


(  m  of  Si  J 

18.  Power  radiated  is  given  by 


1/3 


P  =  ( Anr)o  I4  or  P  oc  r2  I4 


(  r  \ 
y2_ 

V'i  j 


f  T  \ 


yTXJ 


=  1-1  xlyl  =4 


or 


P2  =  4Pi  =  4  x  450  =  1800  W 

19.  From  Wien’s  displacement  law  Xm  T=b,  the  maxi¬ 
mum  radiation  is  emitted  at  wavelength 


.  _  b  2.8 

ji 


I  x  10  nmK 


=  1000  nm 


2880  K 

Hence  U2  is  the  maximum.  Since  a  black  body 
emits  radiations  at  all  wavelengths,  Ux  ^  0  and 
U3  ^  0.  Hence  the  correct  choice  is  (d). 

20.  For  black  body  radiations,  A„,  T  =  constant.  It  is 
clear  from  the  figure  that  7^  >  A3  >  Aj.  Hence,  it 
follows  that  Tx  >  T3  >  T2,  which  is  choice  (b). 

21.  According  to  Wein’s  displacement  law,  XT  = 
constant,  i.e. 


A,  7)  =  X2  T2  or  =  — 

11  22  X-,  T  0.13 


=  2 
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or 


T2  =  27V 


According  to  Stefan’s  law,  E  =  oT4.  Thus 
Ex  =  oT\  and  E2  =  oT\ 


E,  or 
Hence  —  =  ■  1 


oT? 


\T2  J 


16 


(v  T2  =  2  Tx) 

Thus  the  correct  choice  is  (d) 

22.  According  to  Stefan’s  law,  the  total  energy  emitted  per 
second  per  unit  surface  area  of  a  body  is  given  by 
E  =  oT4 


where  o  is  the  Stefan’s  constant.  Therefore,  the 
radiant  energy  emitted  by  spherical  body  of  radius 
R  at  absolute  temperature  T  is  given  by 
Q'=  o  x  AnR2  x  T4 
If  R  and  T  are  both  doubled,  we  have 
Q  =  a  x  An  {2R)2  x  (IT)4 
=  64  a  x  AnR 2  x  T4 
=  64  Q 

Hence  the  correct  choice  is  (d). 

23.  Let  A  be  the  area  of  each  slab.  In  the  steady  state, 
the  rate  of  heat  flow  through  the  composite  slab  is 
given  by 

0_  t2-tx  _  a(t2-tx) 

t  Jl  +  A_  { ’ 

KXA  K2A  Kx  K2 

Given  lx  =  x,  l2  =  4*,  Kx  =  K  and  K2  =  2 K.  Using 
these  values  in  (1)  we  get 


Q 

t 


A(T2-Tx ) 


\)  _ 


A(T2-Tx)K 


1 

x- 

3 


x  Ax 
K  2  K 

Comparing  this  with  the  given  rate  of  heat  transfer, 
we  get /=  -  .  Hence  the  correct  choice  is  (d). 

24.  Let  A  and  /  be  the  area  of  cross-section  and  the 
length  of  each  rod.  If  k  is  the  coefficient  of  thermal 
conductivity  and  t°C  the  temperature  of  the  junc¬ 
tion  O,  then  the  rates  at  which  heat  energy  enters 
O  from  rods  A  and  B  are  (Fig.  19.14) 


and 


<2u  = 


Qb  = 


_  kA  (90  -t) 


I 

kA  (90  ■ 


t) 


l 


The  rate  at  which  heat  energy  flows  in  rod  C  is 


2c  = 


kA{t  -  0) 


/ 


In  the  steady  state,  rate  at  which  heat  energy 
enters  O  =  rate  at  which  heat  energy  leaves  O,  i.e. 


Qa  +  Qb  Qc 

or 

5 

0 

1 

+ 

^0 

0 

1 

11 

£ 

1 

0 

l  1  l 

or 

(90 

1 

+ 

0 

I 

II 

or 

3 1  = 

180  or  t  =  60°C. 

Hence  the  correct  choice  is  (b). 


25.  The  correct  choice  is  (a)  because,  initially  the  black 
body  will  absorb  radiations  as  the  surroundings,  i.e. 
furnace,  are  at  a  higher  temperature  and,  therefore, 
is  the  blackest.  Later  it  emits  the  radiations  (having 
become  hot)  and  is,  therefore,  the  brightest. 

26.  If  follows  from  the  figure  that  the  temperature 
of  body  x  falls  more  rapidly  with  time  than  that 
of  body  y.  Hence  Ex  >  Ey.  Also  a  good  emitter 
of  radiation  is  also  a  good  absorber  of  radia¬ 
tion  (Kirchhoff’s  law).  Hence  ax  >  ay.  Thus  the 
correct  choice  is  (c). 

27.  Given  k  =  420  W/m/K,  A  =  10  cm2  =  10  x  10~4  m2 

=  10~3  m2,  =  100°C,  02  =  0°C,  t  =  1  minute 

=  60  s  and  /  =  1  m.  Using  these  values  in 

kA(dl-91)t 
^  / 


we  get  Q  =  2520  J  = 


2520 

4.2 


=  600  cal. 


Therefore,  mass  of  ice  melted  is 
600  cal 


0 

m  =  —  =  - 

L  80cal/g 

Hence  the  correct  choice  is  (c). 

28.  We  have 


=  7.5  g 


or 


or 


log,. 

loge 


rTx-T0 
V^2  -^0  j 
(75-25 
165-25 


=  Kt 


=  Kx  5  or  log„  [  — 
‘  1  40 


log,  |-|=5tf 


=  5  K 

(1) 
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If  the  temperature  at  the  end  of  next  5  minutes  is  T', 
we  have 

,  ,'65-25' 

log. 


or 


log. 


T'-  25 
40 

T'-  25 


=  5K 

=  5  K 


(2) 


From  Eqs  (I)  and  (2),  we  get 


log. 


40 


or 


T'-  25 
40 


=  l°g,  T 


J'-  25 
which  gives  T'  =  57°C. 


29.  Given 


log. 


80-20 

50-20 


=  6K  or  log,  (2)  =  6K  (1) 


If  the  body  takes  t  minutes  to  cool  from  60°C  to 
30°C,  then 

f  60-  20' 


log. 


U0-20 
Dividing  (2)  by  (1),  we  have 
t  _  log,  (4)  log10(4)  0.602 


=  tK  or  log,  (4)  =  tK  (2) 


=  2 


6  log,  (2)  log10(2)  0.301 

or  t=  12  minutes. 

Hence  the  correct  choice  is  (d). 

30.  If  T0  is  the  temperature  of  the  surrounding,  then 
we  have 


and 


log. 


log. 


f  80-7^1 
v64-roy 
r  64 -V 
52-77 


=  5  K 


=  5  K 


(1) 

(2) 


Equating  Eqs  (1)  and  (2),  we  get 


80-77 


64-77 


64-7^  52  -T0 

which  gives  T0  =  16°C,  which  is  choice  (b). 
31.  If  T  is  the  temperature  after  15  minutes,  then 


or 


log. 


log. 


52 -r0 
kT-T,j 
52-16 


=  5  K 


=  5  K 


T- 16 

From  Eqs  (1)  and  (3),  we  get 
80-16  ( 52-16 


(3) 


64-16  w  -16 
which  gives  T  =  43 °C,  which  is  choice  (b). 


32.  Let  I  be  the  original  length  of  the  rods.  Let  them  be 
heated  so  that  the  increase  in  temperature  is  t° C. 
Increase  in  length  =  alt 

where  a  is  the  coefficient  of  linear  expansion  of  the 
rod 

Strain  =  a  I  t/l  =  a  t 
Stress  =  Y  x  strain  =  Y  a  t 
Stresses  are  equal  for  the  two  rods  if 
Yxaxt=  Y2  a2  t 
a-, 


or 


1  =  «2  =  3 

Y2  a,  2 


Hence  the  correct  choice  is  (c). 

33.  Since  the  material  is  the  same  the  density  is  the 
same.  Since  the  mass  is  the  same  and  density  is  the 
same,  all  three  have  the  same  volume.  For  the  same 
volume,  the  surface  area  of  the  plate  is  the  largest 
and  of  the  sphere  the  smallest.  The  rate  of  loss  of 
heat  by  radiation  is  proportional  to  the  surface  area. 
Hence  the  correct  choice  is  (c). 

34.  According  to  Wien’s  law,  Xm  T=b.  Hence 

r=  A=  2.88x10-3  ^000K 
Xm  480  x  10-9 
Hence  the  correct  choice  is  (b). 

35.  Let  R  be  the  radius  of  the  sun  and  let  r  be  the  radius 
of  the  earth’s  orbit  round  the  sun.  If  the  surface 
temperature  of  the  sun  is  T  (in  kelvin),  the  ener¬ 
gy  emitted  per  second  by  the  surface  of  the  sun  = 
An  R2  o  T 4,  where  cr  is  Stefan’s  constant  whose 
value  is  5.67  x  10~8  WnL2  KT4.  Now  the  area  of 
the  spherical  surface  of  radius  r  is  47zt2.  Therefore, 
energy  received  per  second  by  a  unit  area  of  the 
earth’s  surface  is 


An  R2gT4 


R2gT4 


=  1400 


4  n  r"  r 

,  .  .  ■  T4  1400r2 

which  gives  l  =  - 

oR- 

1400x(l.5xl0n)2 
(5.67  x  10“8)  x  (7  x  108)2 
=  1.1338  x  1015 
or  T=  5803  K 

Hence  the  correct  choice  is  (a). 

36.  If  a  steady  temperature  difference  -  d2)  is 
maintained  between  the  ends  of  a  conducting  rod  of 
length  L  and  cross-sectional  area  A,  the  rate  of  flow 
of  heat  through  the  rod  is  given  by 
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_  kA(fr-Q2) 

C1  L 

where  k  is  the  coefficient  of  thermal  conductivity 
of  the  material  of  the  rod.  In  the  first  experiment, 
the  two  rods  are  connected  in  series.  If  two  rods 
of  equal  cross-sectional  areas  and  of  lengths  Lx 
and  L2  and  conductivities  kx  and  k2  are  joined  in 
series,  the  equivalent  conductivity  ks  is  given  by 

A  +  A 


,  A 
=  — +  ^ 


A  ,  ^2 


(i) 


ks  A  k2 
F or  two  identical  rods,  L  x  =  L2  =  L  and  kl  =  k2  =  k,  in 
which  case,  Eq.  (1)  gives  ks  =  k.  Further,  when  two 
identical  rods  are  joined  in  series,  the  length  of  the 
composite  rod  is  (2 L)  but  its  cross-sectional  area  is 
A,  the  same  as  that  of  each  rod.  Flence  the  rate  of 
flow  of  heat  in  this  case  is  given  by 

kA(0l-e2) 


<h 


(21) 


(2) 


In  the  second  case,  the  two  rods  are  connected  in 
parallel.  If  two  rods  of  equal  lengths  and  equal 
cross-section  areas  and  having  conductivities  kx 
and  k2  are  joined  in  parallel,  the  equivalent  condu¬ 
ctivity  of  the  composite  rod  is  given  by 

kP  =  A  +  *2 

For  two  identical  rods,  kl  =  k2  =  k.  Hence  kp  = 
(2k).  Furthermore,  the  cross-sectional  area  of  the 
composite  rod  is  (2 A).  Therefore,  in  the  second 
case,  the  rate  of  flow  of  heat  is  given  by 

_  (2k)(2A)(e1-92) 


<?2 


(3) 


ch  1 

Dividing  (2)  by  (3),  we  get  —  =  -  .  Now,  the  rate 

<h  8 

of  melting  of  ice  is  proportional  to  the  rate  of  flow 
of  heat.  Hence  the  correct  choice  is  (d). 

37.  According  to  Stefan’s  law,  the  power  radiated  by  a 
black  body  at  absolute  temperature  T  is  given  by 

Q  =  OAT4  (1) 

where  A  is  the  surface  area  of  the  body  and  a  is 
Stefan’s  constant.  According  to  Wien’s  displace¬ 
ment  law, 

K  T  =  b 

where  Xm  is  the  wavelength  corresponding  to 
maximum  emission  of  radiation  and  b  is  Wien’s 
constant.  Thus 


T  =  — 

A» 

Using  (2)  in  (1),  we  get 


(2) 


Q  =  o A 


V  Am  J 


<yb4  A 


For  a  sphere  of  radius  r,A  =  4 nr1.  Hence 
ob4  4nr2 


Q  = 


where  k  =  4  nab4 


=  k'— 

At 


is  a  constant.  Hence 

.2 


(3) 


Qi=k 


and  Q2  —  k 


T 


W), 


m2 


Ql 

Qi 


V  r2 


W)2 


3cmt  ( 500  nm') 


v5cm  J  ^300nm  j 
Hence  the  correct  choice  is  (c). 

38.  The  correct  choice  is  (d).  Heat  transfer  in  boiling 
of  water  and  in  land  and  sea-breezes  is  primarily 
due  to  convection.  A  metal  rod  placed  over  a  flame 
is  heated  primarily  by  conduction.  Heat  transfer 
by  convection  and  conduction  takes  place  through 
matter  (or  medium).  The  electric  bulb  is  evacu¬ 
ated.  Hence  heat  transfer  in  an  electric  bulb  is  not 
due  to  conduction  or  convection. 

39.  The  correct  choice  is  (b).  According  to  Stefan’s  law, 
the  energy  radiated  per  second  by  a  unit  area  of  a 
body  of  emissivity  e  is  eoT4,  irrespective  of  the 
surroundings. 

40.  The  correct  choice  is  (c).  The  rate  of  cooling  is 
proportional  to  the  surface  area. 

41.  Length  of  each  side  of  the  cubical  box  =  30  cm  = 

0.30  m.  Since  a  cube  has  6  faces,  the  total  surface 

2 

area  of  the  cube  exposed  to  air  is  A  =  6  X  (0.3  r 
=  0.54  m2. 

Thickness  of  thermacole  (d)  =  5.4  cm 

=  5.4  x  10~2  m 

Time  of  exposure  ( t )  =  3  hours  =  3  x  60  x  60 

=  1.08  x  104  s 

Thermal  conductivity  (£)  =  1.0  x  1 0  2  J  s  m  loC  1 
Temperature  of  air  ( Tj  =  40°C 
Temperature  of  ice  (7))=  0°C 
Amount  of  heat  energy  entering  the  box  in  time  t  is 
kA(Ta  -Tj)t 


Q  = 


d 
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l.OxlO-2  x  0.54  x  (40-0)  x  1.08  xlO4 


5.4x10 


-2 


=  4.32  x  104  J 


Now,  heat  of  fusion  of  water,  L  =  3.35  x  10"  J  g~ 
=  3.35  x  105  J  kg-1.  This  means  that  3.35  x  106  J  of 
heat  energy  is  needed  to  melt  1  kg  of  ice  into  water. 
Therefore,  mass  of  ice  melted  in  3  hours  is 

4 

=  0.129  kg  =  129  g 


Q  4.32  xlO4 
m  =  —  = - 


L  3.35x10 
.'.  Mass  of  ice  left  unmelted  =  500  -  129  =  371  g. 
Hence  the  correct  choice  is  (a). 

42.  When  the  temperature  of  the  air  is  less  than  0°C, 
the  cold  air  near  the  surface  of  the  pond  takes  heat 
(latent)  from  the  water  which  freezes  in  the  form 
of  layers.  Fig.  19.15.  Consequently,  the  thickness 
of  the  ice  layer  keeps  increasing  with  time.  Let  x 
be  the  thickness  of  the  ice  layer  at  a  certain  time. 
If  the  thickness  increases  by  dx  in  time  dt,  then  the 
amount  of  heat  flowing  through  the  slab  in  time  dt 
is  given  by  (see  Fig  19.15) 

kA[ 0  -  (-  T)]dt  _  kATdt 


Q  = 


(i) 


X  X 

where  A  is  the  area  of  the  layer  of  ice  and  —  T  °C  is 
the  temperature  of  the  surrounding  air.  If  dm  is  the 
mass  of  water  frozen  into  ice,  then  Q  =  dm  xL.  But 
dm  =  Apdx,  where  p  is  the  density  of  ice.  Hence 
-T°C 
/ 


Fig.  19.15 

Q  =  ApLdx 


(2) 


Equating  (1)  and  (2),  we  have 

kATdt  pL 

-  =  ApLdx  or  dt  =  - •  xdx 

x  kT 

Integrating,  we  have 

_  PL 


[  dt  =  -  f  xdx 

J  kT  J 


or 


t  = 


pL 

kT 

2 

pL  <£-  A), 


2  kT 


which  is  choice  (c). 

43.  Let  Tb  be  the  temperature  at  B.  The  rate  of  flow 
of  heat  from  C  towards  B  is 

a  =  kA(T2-TB) 
t  LI  2 

The  rate  of  flow  of  heat  from  D  towards  B  is 
a  =  ><A{T,-TB) 
t  LI  2 

The  rate  of  flow  of  heat  from  B  towards  A  is 
a  =  kAWs-TJ 
t  L 

In  the  steady  state,  the  rate  at  which  heat  enters  B  = 
rate  at  which  heat  leaves  B,  i.e. 

Q\  +  Qg_  _  Ql 

t  t  t 

2kA(T2-TB)  |  2 kA(T3-TB) 

OT  L  L 

=  k  A  (Tb  —  7|) 

L 

or  2 (T2  -  Tb)  +  2(T3  -  Tb)  =  Tb  -  Tx 

■  ...  T  +  2T2  +  2T-, 

which  gives  TB  =  - - - 


20  +  2x30  +  2x40 


=  32  °C,  which  is  choice  (a). 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Choose  the  correct  statements  from  the  following 

(a)  All  bodies  emit  thermal  radiations  at  all  tem¬ 
peratures 

(b)  Thermal  radiations  are  electromagnetic  waves 


(c)  Thermal  radiations  are  not  reflected  from  a 
mirror 

(d)  Thermal  radiations  travel  in  free  space  with 
a  velocity  of  3  x  108  ms-1 
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2. 


3. 


4. 


5. 


6. 


The  rate  at  which  energy  is  radiated  by  a  hot  body 
depends  upon 

(a)  the  nature  of  its  surface 

(b)  the  area  of  its  surface 

(c)  the  temperature  of  its  surface 

(d)  the  temperature  of  the  surroundings 

The  wavelength  of  the  radiation  emitted  by  a  body 
does  not  depend  upon 

(a)  the  density  of  the  body 

(b)  the  nature  of  its  surface 

(c)  the  area  of  its  surface 

(d)  the  temperature  of  its  surface 

A  star  appears  red  if  the  wavelength  of  maximum 
emission  is  in  the  range  620  nm  to  780  nm.  The 
corresponding  temperatures  of  the  star  for  maxi¬ 
mum  emission  are  Tx  and  T2  respectively.  If  Wien’s 
constant  is  b  =  2.9  x  1 0  mK,  then 
(a)  Tx  =  3718  K  (b)  Tx  =  2690  K 

(c)  T2  =  2318  K  (d)  T2  =  4677  K 

Two  plates  A  and  B  of  equal  surface  area  are  placed 
one  on  top  of  the  other  to  form  a  composite  plate  of 
the  same  surface  area.  The  thickness  of  A  and  B  are 
4.0  cm  and  6.0  cm  respectively.  The  temperature  of 
the  exposed  surface  of  plate  A  is  —  10  °C  and  that 
of  the  exposed  surface  of  plate  B  is  10  °C.  Neglect 
heat  loss  from  the  edges  of  the  composite  plate, 
the  temperature  of  the  contact  surface  is  Tx  if  the 
plates  A  and  B  are  made  of  the  same  material  and 
T2  if  their  thermal  conductivities  are  in  the  ratio  2  : 
3  then 

(a)  y,  -  4°C  (b)  T,  =  -  2°C 

(c)  T2  =  -  3°C  (d)  T2  =  0°C 

Initially  a  black  body  at  absolute  temperature  T  is 
kept  inside  a  closed  chamber  at  absolute  temper¬ 
ature  T0.  Now  the  chamber  is  slightly  opened  to 
allow  sun  rays  to  enter.  It  is  observed  that  tem¬ 
peratures  T  and  T0  remains  constant.  Which  of  the 
following  statement  is/are  true? 

(a)  The  rate  of  emission  of  energy  from  the  black 
body  remains  the  same. 

(b)  The  rate  of  emission  of  energy  from  the  black 
body  increases. 


(c)  The  rate  of  absorption  of  energy  by  the  black 
body  increases. 

(d)  The  energy  radiated  by  the  black  body  equals 
the  energy  absorbed  by  it. 

H IIT,  2006 

7.  A  composite  block  is  made  of  slabs  A,B,C,D  and  E 
of  different  thermal  conductivites  (given  in  terms  of 
a  constant  K)  and  sizes  (given  in  terms  of  length,  L) 
as  shown  in  Fig.  19.16.  All  slabs  are  of  same  width. 
Heat  ‘ Q ’  flows  only  from  left  to  right  through  the 
blocks.  Then  in  steady  state 

(a)  heat  flow  through  A  and  E  slabs  are  same. 

(b)  heat  flow  through  slab  E  is  maximum. 

(c)  temperature  difference  across  slab  E  is  small¬ 
est. 

(d)  heat  flow  through  C  =  heat  flow  through  B 
+  heat  flow  through  D. 

0  1Z_  51  61 

heat 

*~11 


- *-  31 

41 

Fig.  19.16 

8.  Initially  a  black  body  at  absolute  temperature  T  is 
kept  inside  a  closed  chamber  at  absolute  temper¬ 
ature  T0.  Now  the  chamber  is  slightly  opened  to 
allow  sun  rays  to  enter.  It  is  observed  that  tem¬ 
peratures  T  and  T0  remains  constant.  Which  of  the 
following  statement  is/are  true? 

(a)  The  rate  of  emission  of  energy  from  the  black 
body  remains  the  same. 

(b)  The  rate  of  emission  of  energy  from  the  black 
body  increases. 

(c)  The  rate  of  absorption  of  energy  by  the  black 
body  increases. 

(d)  The  energy  radiated  by  the  black  body  equals 
the  energy  absorbed  by  it. 

|  IIT,  2005 


A 

B  3  K 

E 

2K 

C  4  K 

6K 

D  5  K 

ANSWERS  AND  SOLUTIONS 

1.  Statement  (c)  is  incorrect.  Thermal  radiations  are 
reflected  from  a  mirror  exactly  as  visible  light. 

2.  All  the  four  choices  are  correct. 


3.  From  Wien’s  law,  Xm  T  =  b,  where  h  is  a  constant 
and  Xm  is  the  wavelength  at  maximum  intensity  of 
emission.  The  value  of  Xm  depends  only  on  T,  the 
temperature  of  the  body. 
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4.  From  Wien’s  law,  A  T=  b.  Thus 


T 1  = 


2.9x10 


-3 


T2  = 


7.8x10 

2.9x10 


-7 


-3 


3-7 


=  3718  K 


=  4677  K 


6.2x10” 

So  the  correct  choices  are  (a)  and  (d). 

5.  Let  T  be  the  temperature  of  the  contact  surface. 
Then,  in  the  steady  state,  we  have 

Q  _  kAA(-\0-T)  _  kBA{T- 10) 

7  To  To 


or 


M-io-r) 


4.0 

Mr -io) 

6 


(1) 


(a)  If  kA  =  kB,  Eq.  (1)  gives  Tl  =  -  2°C. 

(b)  If  Ti  =  T  Eq.  (1)  gives  T2  =  0°C. 

kB  3 

Thus  the  correct  choices  are  (b)  and  (d). 

6.  From  Stefan’s  law,  the  rate  of  emission  of  energy 
from  a  black  body  is  proportional  to  (T—  T0)4.  Since 
T  and  T0  remain  constant,  the  rate  of  emission  of 
energy  remains  the  same.  Since  the  temperature  of 
the  black  body  remains  constant,  the  energy  radi¬ 
ated  by  it  =  energy  absorbed  by  it.  Hence  the  cor¬ 
rect  choices  are  (a)  and  (d). 

7.  Let  W  be  the  width  of  each  slab.  The  thermal 
resistance  of  a  slab  of  length  L,  area  A  (=  LW) 
and  thennal  conductivity  K  is  given  by 


KA  K(LW ) 


The  thermal  resistances  of  slabs  A,  B,  C,  D  and 
E  respectively  are 


where 


Ra  = 
R  = 

Rb  = 
Rc  = 
Rd  = 
Re  = 


L  R 

(2K)(4LW)  ~  7 
L  _  1 

K(LW)  ~  ~KW 
4  L  _  4  R 

'iK(LW)  3 
4  L  _  R 

4K(2L  W)  2 

4  L  _  4  R 

5 K(LW)  ~  TT 
L  R 

6K(4LW)  24 


Since  slabs  B,  C  and  D  are  in  parallel  and  slabs  A 
and  E  are  in  series  with  this  parallel  combination, 


the  thermal  resistances  are  connected  as  shown 
in  the  following  figure. 


Rs 


— vwv - 

Rc 

r 

— vwv - 

Re 

Rd 


• — vwv- 

Ra 


-AWr 

Reff 


-WA- 

Re 


Fig.  19.17 


A\,(r  is  given  by 

1 


R 


1  1  1 

■  + - h  ■ 


eff 


R 


C 


R i 


D 


J_  2  =  4_ 

4R  R  4R  R 


R  _  R 
ReS-  j 


In  a  series  combination,  the  rate  of  flow  of  heat 
in  the  steady  is  the  same.  Hence  QA  =  (Q)e ff  =  QE. 
So  choice  (a)  is  correct.  The  rate  of  flow  of  heat 


is  given  by  Q  = 


AT 

R 


where  AT  is  the  temperature 


difference  between  the  ends  of  the  slab.  Also  the 
temperature  difference  between  the  ends  of  slabs 
B,  C  and  D  is  the  same  =  (A7)eff  (say).  Then 


(A7)a  =  QaRa  = 


(A7)b  (A7)c  (A7)d 


0A^off  _ 


QaR 

4 


and  (A7)e= 


(•••  2e  =  2a) 


Hence  the  temperature  difference  across  slab  E 
is  the  minimum. 


Now  <9b  = 


(AT), 


QaR!  4  = 
4T/3  16 


2c  = 


Qd 


(AT)C 

Rc 

(A 7% 

Rd 


QaR' 4  =  1 
R/2  2 


QaR'4  =  5_ 
4R/5  16 


And  Qe  =  Qa.  Thus  heat  flow  through  slab  B  is 
the  smallest.  So  choice  (b)  is  wrong. 
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Now  QB  +  Qo=  Y -Qa  +  Qa  =  \qa  which 

lo  io  z 

is  equal  to  Qc.  So  choice  (d)  is  correct.  Hence 
the  correct  choices  are  (a),  (c)  and  (d). 

8.  From  Stefan’s  law,  the  rate  of  emission  of  energy 
from  a  black  body  is  proportional  to  ( T -  T0 )4.  Since 


T  and  T0  remain  constant,  the  rate  of  emission  of 
energy  remains  the  same.  Since  the  temperature  of 
the  black  body  remains  constant,  the  energy  radi¬ 
ated  by  it  =  energy  absorbed  by  it.  Hence  the  cor¬ 
rect  choices  are  (a)  and  (d). 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  6  are  based  on  the  following  passage 
Passage  I 

Thermal  Radiations 

All  bodies  emit  heat  energy  from  their  surfaces  by  virtue  of 
their  temperature.  This  heat  energy  is  called  radiant  energy 
or  thermal  radiation.  The  heat  that  we  receive  from  the  sun 
is  transferred  to  us  by  a  process  which,  unlike  conduction 
or  convection,  does  not  require  the  help  of  a  medium  in  the 
intervening  space  which  is  almost  free  of  particles.  Radiant 
energy  travels  in  space  as  electromagnetic  waves  in  the 
infra-red  region  of  the  electromagnetic  spectrum.  Thermal 
radiations  travel  through  vacuum  with  the  speed  of  light. 
Thermal  radiations  obey  the  same  laws  of  reflection  and 
refraction  as  light  does.  They  exhibit  the  phenomena  of 
interference,  diffraction  and  polarization  as  light  does. 

The  emission  of  radiation  from  a  hot  body  is  expressed 
in  terms  of  that  emitted  from  a  reference  body  (called 
the  black  body)  at  the  same  temperature.  A  black  body 
absorbs  and  hence  emits  radiations  of  all  wavelengths. 
The  total  energy  E  emitted  by  a  unit  area  of  a  black  body 
per  second  is  given  by 

E=o  T4 

where  T  is  the  absolute  temperature  of  the  body  and  o  is 
a  constant  known  as  Stefan’s  constant.  If  the  body  is  not  a 
perfect  black  body,  then 

E  =  e  al4 

where  e  is  the  emissivity  of  the  body. 

ANSWERS  AND  SOLUTIONS 


1. 


2. 


3. 


4. 


5. 


6. 


1.  Stefan-Boltzmann  law  states  that  E=  cT4  where  E 
stands  for  the  total  energy  emitted  per  unit  area  per 
second.  Thus  the  dimensions  of  E  =  dimensions  of 


f  energy 
V  area  x  time 


ML2T“2 

l2t 


=  MT  3.  Therefore, 


Dimensions  of  o  = 
choice  (d). 


MU 


-3 


K 


=  MT  3K  4.  which  is 


2. 

3. 

4. 

5. 

6. 


From  stefan-Boltzman  law,  the  dimensions  of  Ste¬ 
fan’s  constant  o  are 

(a)  ML~2T2KT4  (b)  ML  'T  2K  4 

(c)  MLT  3K  4  (d)  ML°T  3K  4 

What  is  the  SI  unit  of  Stefan’s  constant? 

(a)  J  s^KT4  (b)  W  nfr'KA4 

(c)  W  m  2K  4  (d)  J  m  2K  4 

In  which  region  of  the  electromagnetic  spectrum  do 
thermal  radiations  lie? 

(a)  Visible  region  (b)  Infrared  region 

(c)  Ultraviolet  region  (d)  Microwave  region 
Which  of  the  following  devices  is  used  to  detect 
thermal  radiations? 

(a)  Constant  volume  air  thermometer 

(b)  Platinum  resistance  thermometer 

(c)  Thermostat 

(d)  Thermopile 

When  a  body  A  at  a  higher  temperature  Tx  is  sur¬ 
rounded  by  another  body  B  at  a  lower  temperature 
T2,  then  the  rate  of  loss  of  heat  from  body  A  will  be 
proportional  to 

(a)  T4  (b)  (T ,  -  T2)4 

(c)  (T |  -  T2)  (d)  (T4  -  T42) 

The  rate  at  which  energy  is  radiated  by  a  body  de¬ 
pends  upon 

(a)  the  surface  area  of  the  body 

(b)  the  temperature  of  the  body 

(c)  the  nature  of  the  surface  of  the  body 

(d)  the  emissivity  of  the  surface  of  the  body 


The  correct  choice  is  (c). 

The  correct  choice  is  (b). 

The  correct  choice  is  (d). 

The  correct  choice  is  (d). 

All  the  four  choices  are  correct. 
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Questions  7  to  13  are  based  on  the  following  passage 
Passage  II 

Stellar  Spectra 

Like  the  solar  spectrum,  the  spectra  of  stars  show  a 
continuous  spectrum  on  which  dark  aborption  lines  are 
superimposed.  The  inner  layer  (called  the  photosphere )  of 
the  star  emits  radiations  of  all  wavelenghts,  producing  a 
continuous  spectrum.  When  these  radiations  pass  through 
the  outer,  relatively  cooler,  layer  of  the  star,  the  radiations 
of  certain  wavelengths  are  selectively  absorbed  by  this 
layer.  This  explains  the  dark  lines  in  the  spectrum  of  a  star. 
The  dark  lines  are  characreristic  of  the  substances  present 
in  the  outer  layer  of  the  star. 

The  surface  temperature  Tof  a  star  can  be  estimated  by 
measuring  the  wavelengths  Xm  at  which  the  intensity  of 
the  emitted  radiation  is  maximum  and  then  using  Wien’s 
displacement  law  which  states  that 
XmxT=b 

where  b  is  a  constant  called  Wien’s  constant  and  the  above 
relation  is  called  Wien’s  Displacement  Law  which  states 
that  as  the  temperature  increases,  the  maximum  intensity 
of  emission  shifts  (or  is  displaced)  towards  the  shorter 
wavelengths.  The  value  of  constant  b  has  been  found 
experimentally  to  be  2.89  x  1 0  mK. 

7.  The  spectrum  of  light  received  from  a  star  is  a 

(a)  continuous  emission  spectrum 

(b)  emission  line  spectrum 

(c)  emission  band  spectrum 

(d)  absorption  line  spectrum 

8.  The  dark  lines  in  the  solar  spectrum  are  due  to  the 

(a)  absence  of  corresponding  wavelengths  from 
the  light  emitted  by  the  core  of  the  sun 

(b)  absorption  of  corresponding  wavelenghts  by 
the  outer  layers  of  the  sun 

(c)  absorption  of  corresponding  wavelengths  by 
the  prism  used  in  the  spectrograph 

(d)  destructive  interference  between  waves  of 
certain  definite  wavelengths 

SOLUTION 

7.  The  correct  choice  is  (d) 

8.  The  correct  choice  is  (b) 

9.  The  correct  choice  is  (d) 

10.  The  correct  choice  is  (a) 

11.  According  to  Wien’s  law  Xm  T  =  constant,  if  T 
is  very  high,  Xm  will  be  very  small.  The  shortest 


9.  The  study  of  dark  lines  in  the  spectra  of  stars  has 
revealed  that  the  atmospheres  of  stars  contain 

(a)  oxygen  (b)  nitrogen 

(c)  uranium  (d)  helium 

10.  The  colour  of  a  star  depends  upon  its 

(a)  surface  temperature 

(b)  mass 

(c)  size 

(d)  all  the  above  factors 

11.  Wien’s  displacement  law  tells  us  that  an  extremely 
hot  star  should  look 

(a)  violet  or  indigo  (b)  green  or  yellow 

(c)  orange  or  red  (d)  white 

12.  In  Wien’s  displacement  law  the  SI  unit  of  Wien’s 
constant  b  is 

(a)  metre  per  kelvin 

(b)  metre  per  kelvin  squared 

(c)  metre  kelvin 

(d)  metre  kelvin  squared 

13.  Which  one  of  the  curves  shown  in  Fig.  19.18 
represents  the  spectral  distribution  of  energy  Ex  of 
black  body  radiations  where  X  is  the  wavelength? 


(a)  (b) 


(c)  (d) 

Fig.  19.18 


wavelengths  in  the  visible  region  are  violet  and  in¬ 
digo.  Hence  the  correct  choice  is  (a). 

12.  From  Xm  T=  b,  the  SI  unit  of  b  =  SI  unit  of  Xm  x  SI 
unit  of  T=  metre  kelvin,  which  is  choice  (c). 

13.  The  correct  choice  is  (a) 


Questions  14  to  16  are  based  on  the  following  passage 
Passage  III 

Three  cylindrical  rods  A,  B  and  C  of  equal  lengths  and 
equal  diameters  are  joined  in  series  as  shown  in  the  fol¬ 
lowing  figure.  Their  thermal  conductivities  are  2  k,  k  and 
0.5  k  respectively  (Fig.  19.19) 


100  °c 


0  °c 


Fig.  19.19 

In  the  steady  state,  the  free  ends  of  rods  A  and  C  are  at 
100°C  and  0°C  respectively.  Neglect  loss  of  heat  from  the 
curved  surfaces  of  rods. 
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14.  The  temperature  of  the  junction  between  rods  A  and 
B  is 

(a)  55.7°C  (b)  65.7°C 

(c)  15.TC  (d)  85.7°C 

15.  The  temperature  of  the  junction  between  rods  B  and 
Cis 

(a)  57.1°C  (b)  47.1°C 

(c)  37.1°C  (d)  27.1°C 

SOLUTION 

14.  In  the  steady  state,  the  rate  of  flow  of  heat  is  the 
same  for  all  rods.  If  7j  and  77  are  the  temperatures 
at  the  junction  points  between  A  and  B  and  between 
and  C  respectively,  then 
Q  _  MOOO-Tj) 
t  d 

=  kBA(Tx-T2)  =  kcA (T2  -  0) 
d  d 

Given  kA  =  2k,  kB  =  k  and  kc  =  0.5 k.  Hence 
2(100  -  7j)=  (7j  -  T2)  =  0.5(77  -  0) 
which  give  200  -2  Tx  =  Tx-T2  ( 1) 

and  7j  -  77  =  0.5  T2  (2) 


16.  The  equivalent  thermal  conductivity  of  the  combi- 


nation  is 

Ik 

(b) 

2k 

a  ~V 

3 

1 

5k 

(d) 

3k 

(c)  — 

3 

5 

Equations  (1)  and  (2)  give  7j  =  85.7°C.  So  the  cor¬ 
rect  choice  is  (d). 

15.  Putting  Tx  =  85.7°C  in  Eq.  (1)  or  (2),  we  get 
T2  =  57.1°C,  which  is  choice  (a). 

16.  Since  the  rods  have  the  same  lengths  and  the  same 
diameters,  the  equivalent  thermal  conductivity  of 
the  series  combination  is  given  by 

1  111  111 

-  — - 1 - 1 - — - 1 - 1 - 

ke  kB  kc  2k  k  0.5  k 

2 1 

which  gives  ke=  —  .So  the  correct  choice  is  (b). 


Questions  17  to  19  are  based  on  the  following  passage 
Passage  IV 

A  double-pane  window  used  for  insulating  a  room 
thermally  from  outside  consists  of  two  glass  sheets  each  of 
area  1  m2  and  thickness  0.01  m  separated  by  0.05  m  thick 
stagnant  air  space.  In  the  steady  state,  the  room-glass 
interface  and  the  glass-outdoor  interface  are  at  constant 
temperatures  of  27°C  and  0°C  respectively.  The  thermal 
conductivity  of  glass  is  0.8  and  of  air  0.08  W  nT1  K_I. 

<  I  IT,  1997 


SOLUTION 


17.  Refer  to  Fig.  19.20.  Let  T2  and  77  be  the  temperature 
of  the  Glass  1  -air  interface  and  air-glass  2  interface. 
Glass  1  Glass  2 


7i  =  300  K 


Qi 

Air 

t2  t3 

Qi 

q3 

L _ rl  _ J 

L _ rl  _ J 

ug  v 

p  a  ”9  p 

f4  =  273  K 


17.  The  temperature  of  the  outer  glass-air  interface  is 

(a)  26.5°C  (b)  25.5°C 

(c)  24.5°C  (d)  23.5°C 

18.  The  temperatures  of  the  inner  glass-air  interface  is 

(a)  2.5°C  (b)  2.0°C 

(c)  1.5°C  (d)  0.5°C 

19.  The  rate  of  flow  of  heat  through  the  window  pane 
is  nearly  equal  to 


(a) 

1000  J  s1 

(b)  2000  J  s  1 

(c) 

3000  J  s  ^ 

(d)  4000  J  s  ^ 

The  i 

equsations  of  heat 

flow  are: 

dQx 

kgA(Tx  - 

-Ti)  _ 

_  0.8xlx(300-T2) 

dt 

ds 

0.01 

dQi 

kaA(T2 

-t3)  . 

0.08  x  1  x  (T2  -T3) 

dt 

da 

0.05 

dQi 

kgA(T2  ■ 

~ta)  _ 

_  0.8  x  1(T3  -  273) 

dt 

0.01 

In  the  steady, 

dQ\ 

_  dQ2 

rn 

O) 

73 

1 

dt 

dt 

dt 

Equating  (1)  and  (2),  we  have 

50  X  (300- 

eTT 

i 

II 

(1) 

(2) 

(3) 


Fig.  19.20 


(4) 
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Equating  (1)  and  (3),  we  have 

(300  -  T2)  =  T3-  273  (5) 

Equations  (4)  and  (5)  give  T3  =  299.5  K  -  26.5°C. 
So  the  correct  choice  is  (a). 

18.  Putting  T3  =  299.5  K  in  Eq.  (4)  or  (5),  we  get 
T2  =  273.5  K  =  0.5°C,  which  is  choice  (d). 


19.  Putting  T2  =  273.5  K  and  T3  =  299.5  K  in  Eq.  (1), 
we  get 

-  2000  J  s'1,  which  is  choice  (b). 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement  1 

Good  reflectors  are  poor  emitters  of  thermal  radia¬ 
tion. 

Statement  2 

The  ratio  of  the  emissive  power  (e)  and  absorptive 
power  (a)  is  constant  for  all  substances  at  any  given 
temperature  and  for  radiation  of  the  same  wave¬ 
length. 

2.  Statement  1 

On  a  chilly  day,  the  metallic  cap  of  a  pen  feels  much 
colder  than  the  plastic  body  although  both  are  at  the 
same  (room)  temperature. 

Statement  2 

Metal  has  a  higher  coefficient  of  thermal  conduc¬ 
tivity  than  plastic. 

3.  Statement  1 

If  the  earth  did  not  have  an  atmosphere,  it  would 
become  extremely  cold. 

SOLUTION 

1.  The  correct  choice  is  (a).  According  to  Kirchhoff  s 
law, 

e 

—  =  constant 
a 

Thus  if  e  is  large,  a  must  also  be  large,  i.e.  if  a  body 
is  a  good  emitter  of  a  radiation  of  a  particular  wave¬ 
length,  it  is  also  a  food  absorber  of  that  radiation. 


Statement  2 

Heat  energy  is  transferred  through  air  mainly  by 
convection. 

4.  Statement  1 

Evaporation  takes  place  from  the  surface  of  a  liq¬ 
uid. 

Statement  2 

The  molecules  at  the  surface  have  less  attractive 
energy  than  those  inside  the  liquid. 

5.  Statement  1 

Radiation  involves  transfer  of  heat  by  electromag¬ 
netic  waves. 

Statement  2 

Electromagnetic  waves  do  not  required  any  mate¬ 
rial  medium  for  propagation. 

6.  Statement  1 

Two  spheres  of  the  same  material  have  radii  1  m 
and  4  m  and  temperatures  4000  K  and  1000  K 
respectively.  The  energy  radiated  per  second  by  the 
two  spheres  will  be  the  same. 

Statement  2 

The  rate  at  which  energy  is  radiated  from  a  body 
is  directly  proportional  to  its  absolute  temperature 
and  inversely  proportional  to  its  surface  area. 

<  IIT,  1988 


Conversely,  if  a  body  is  a  poor  emitter  of  a  radia¬ 
tion,  it  is  also  a  poor  absorber  (and  hence  a  good 
reflector)  of  that  radiation. 

2.  The  correct  choice  is  (a).  On  a  chilly  day,  the  room 
temperature  is  lower  than  our  body  temperature. 
Since  metal  is  a  better  conductor  of  heat  than  plas¬ 
tic,  when  we  touch  the  metal  cap  and  the  plastic 
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body  of  a  pen,  heat  from  our  fingers  will  flow  to 
the  metal  cap  much  more  quickly  than  to  the  plastic 
body. 

3.  The  correct  choice  is  (c).  Thermel  radiation  from 
the  sun  warms  the  earth  during  the  day.  Since  air 
is  a  poor  conductor  of  heat,  the  atmosphere  acts 
as  a  blanket  for  the  earth  and  keeps  the  earth  warn 
during  the  night. 


4.  The  correct  choice  is  (a). 

5.  The  correct  choice  is  (b). 

6.  From  Stefan's  law,  the  energy  radiated  per  second 
from  a  sphere  is  given  by 

E  =  <jT4A  =  oT4  x  AnR2",  R  =  radius  of  sphere 
Thus  statement- 1  is  true  but  statement-2  is  false. 


Integer  Answer  Type 


1.  A  composite  rod  is  made  by  joining  a  copper 
rod,  end  to  end,  with  a  second  rod  of  a  different 
material  but  of  the  same  cross-section.  At  25°C,  the 
composite  rod  is  1  m  in  length  of  which  the  length 
of  the  copper  rod  is  30  cm.  At  125°C  the  length 
of  the  composite  rod  increases  by  1.91  mm.  The 
coefficient  of  linear  expansion  of  copper  is  a=  1.7 
x  10  5  per  °C  and  that  of  the  second  rod  is  /3  =  «  x 
10~5  per  °C.  Find  the  value  of  n. 

<  IIT,  1979 

2.  A  wall  has  two  layers  A  and  B  each  made  of  differ¬ 
ent  material.  Both  layers  have  the  same  thickness. 


The  thermal  conductivity  A  is  3  times  that  of  B.  In 
the  steady  state,  the  temperature  difference  across 
the  wall  is  36°C.  Find  the  temperature  difference 
(in  °C)  across  the  layer  A. 

Hut,  1980 

3.  Two  bodies  A  and  B  have  thermal  emissivities  of 
0.01  and  0.81  respectively.  The  outer  surface  areas 
of  the  two  bodies  are  the  same.  If  they  emit  total  ra¬ 
diant  energy  at  the  same  rate,  find  their  temperature 
ratio  Ta/Tb. 

<  IIT,  1994 


SOLUTIONS 

1.  Length  of  the  second  rod  at  25°C  =  70  cm. 

Length  of  copper  rod  at  125°C 

=  30  x  (1  +  1.7  x  10~5  x  100) 

=  30.051  cm 

Increase  in  the  length  of  copper  rod  =  0.05 1  cm 
Increase  in  the  length  of  second  rod  =  70  x  P  x  100 
=  7000  ft  cm 

Total  increase  in  length  =  0.051  cm  +  7000  /3  cm  = 
0.191  cm  (given)  which  gives  j8=2x  10~5  per  °C. 
Thus  the  value  of  n  =  2. 

2.  In  the  steady  state,  the  rate  of  flow  of  heat  through 
layers  A  and  B  is  the  same,  i.e.  ( a  =  area  of  cross- 
section  of  each  layer)  [Fig.  19.21] 

kA  a(T\  —Tp)  _  kB  a(T0  —T2) 
x  x 

Putting  kA  =  3  kB,  we  find  that 


Given  7j  -  T2  =  36  =>  T2  =  Tx  -  36 
Using  (2)  in  (1)  we  get  7j  -  T0  =  9  °C. 

To 


A 

B 

- x - ► 

- x - ► 

Fig.  19.21 

3.  Ex  =  eA  cA  Ta,  E2  =  eB  a  A  TB 


Given 


E,  =  E~,.  Thus 


A  _ 


1/4 


\Ta  J 


0.81) 
0.01  J 


1/4 


=  3 


m  -  t0)  =  t0  -  t2  (l) 


(2) 


Electrostatic  Fiel 
and  Potential 
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20.3  j  PRINCIPLE  OF  SUPERPOSITION _ 

If  many  charges  are  present,  the  total  force  on  a  given 
charge  is  equal  to  the  vector  sum  of  the  individual  forces 
exerted  on  it  by  all  other  charges  taken  one  at  a  time. 


EXAMPLE  20.1 


Two  point  charges  qx  =  +9  pC  and  q2  =  -1  pC  are 
held  1 0  cm  apart.  Where  should  at  third  charge  +Q  be 
placed  from  q2  on  the  line  joining  them  so  that  charge 
Q  does  not  experience  any  net  force? 


SOLUTION 


■  Charge  Q  will  not  experience  any  net  force  if  the  forc¬ 
es  exerted  on  it  by  charges  qx  and  q2  are  equal  and  in 
opposite  directions. 

q2  =  -  1  Pc 

qx  =  9pC* - • - •  +Q  - 

A  5  x 

-* - 1 0  cm - ► 

Fig.  20.2 

It  follows  from  Fig.  20.2  that  charge  Q  will  not 
experience  forces  in  opposite  direction  if  it  lies  at  any 
point  between  Letx  be  the  distance  of  Q  from  q2. 
Then  forces  exerted  on  Q  by  qx  and  q2  respectively 
are 


SOLUTION 


A  system  of  charges  is  in  equilibrium  if  no  charge  of 
the  system  experiences  any  net  force. 
q1  =  -  4  pC  Q  q2  =  -  4  pC 

A  O  B 

- - r/2 - ► 


Fig.  20.3 

Equilibrium  of  charge  Q  at  O  [See  Fig.  20.3] 

Since  Q  is  at  the  same  distance  from  equal  charges 
q  i  and  q2,  it  will  be  equilibrium  for  any  positive  or 
negative  value,  because  it  will  experience  equal  and 
opposite  forces. 

Equilibrium  of  charge  qt  at  A 

If  Q  is  negative,  it  will  repel  qx.  Also  q2  is  repel  qx. 
Hence  qx  cannot  be  in  equilibrium  if  Q  is  negative. 
So  Q  must  be  positive. 

Force  exerted  on  qx  by  Q  is 

„  4  x  1 0-6  O  i 

Force  exerted  on  qx  by  q2  is 


Fi  = 


<7i  Q  i 


9xl0“6gi 
4ne0  (0.1  +  x)2  4ne0  (0.1  +  x)2 


and 


P  _  <?2  0i 

b2  ~  i 

47T£0  X" 


1x10  Q  i 


47T  £0  X 


Net  force  on  Q  =  Fj  +  F2 

Net  force  on  Q  =  0  if  Fx  +  F2  =  0 


9  x  1 0-6  Q  i 
4 7t£0  (0.1  +  x)2 


lxl0“6gi 

4^:£0  X2 


=  0 


9  = 


3  = 


(o.i+jcr 

2 

X 

0.1  +  x 

X 


x  =  0.05  m  =  5  cm 


EXAMPLE  20.2 


Two  charges,  each  equal  to  -  4  fxC,  are  held  a  certain 
distance  apart.  A  charge  Q  is  placed  exactly  mid-way 
between  them.  Find  the  magnitude  and  sign  of  Q  so 
that  the  system  of  three  charges  is  in  equilibrium. 


(4  x  10  6)  x  (4  x  10  6)  i 
47T£0  r2 

Net  force  on  qx  will  be  zero  if  F  +  F'  =  0,  i.e.  if 

4  x  1 0~6  Q  i  (4  x  10~6)  x  (4  x  10~6)  i 

r  32  4k  £q  r2 

2j 

Q=  lx  10  6  C  =  1  pC 


It  is  easy  to  check  that  charge  q2  will  also  be  in  equi¬ 
librium.  Hence  the  system  of  three  charges  will  be  in 
equilibrium  if  Q  =  +1  pC. 


EXAMPLE  20.3 


Four  point  charges,  each  equal  to  q  =  4  pC,  are  held 
at  the  comers  of  a  square  ABCD  of  side  a  =  10  cm. 
Find  the  magnitude  and  sign  of  a  charge  Q  placed  at 
the  centre  of  the  square  so  that  the  system  of  charges 
is  in  equilibrium. 


SOLUTION 


BAC  (=  r)  =  yfla  .  Let  us  consider  the  equilibrium  of 
charge  q  at  A  (Fig.  20.4) 
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Fig.  20.4 

Force  exerted  on  charge  at  A  by  charge  at  B  is 

1 


Similarly 


Fab 


Fad 


FAc  “ 


kq 2  C 


i  ,  where  k  = 


An  £n 


kq 2  * 

Y  J 

a 


kq~ 


(aJiy 


-(cos45°i  +  sin  45°  j) 


kq 


and 


Fqa  _ 


r22x/2 


kqQ 


a 

V2 


(i  +  j) 


(cos  45°  i  +  sin  45°  j) 


nzkqQ*  \ 

=  V2-^(i  + j) 

a 

Net  force  on  charge  q  at  A  in  the  x-direction  is 


Fv  = 


^  kq1  kq~  \flkqQ 


+ 

y  a~  a 


2  '  -22V2 


2 

a  J 


F,=  ^{q  +  -^  +  y/2Q\i=ai 


a 

kq  j  q 
a~  \  2V2 

Similarly  net  force  on  charge  q  at  A  in  the  y-direction  is 


where 


a~%\q  +  ^  +  J2Q 


F y  =  a  j 

Resultant  force  on  charge  q  at  A  is 

F  =  Jf?  +  Fy  =  y/ a 2  +  a2  =  4la 

Charge  q  will  be  in  equilibrium  if  F  =  0  i.e.  if 
a  =  0 


i.e.  if 


Q  =  -^(  I  +  2V2) 


"~4~(1 +  2>/2)  =  -(1  +  2V2)  C 


20.4  1  ELECTRIC  FIELD 


An  electric  field  exists  at  any  point  in  the  space  surrounding 
a  charge.  To  define  the  electric  field,  we  place  a  small 
positive  point  charge  q0  at  the  point  in  space  where  the 
electric  field  is  to  be  found  and  we  measure  the  coulomb 
force  F  at  that  point.  The  electric  field  E  is  then  given  by 

E  =  * 

<7o 

If  a  charge  q  is  placed  at  a  point  where  the  electric  field 
due  to  other  charge  or  charges  is  E,  then  the  charge  q  will 
experience  a  force  F  given  by 
F  =  c/E 

(1)  Electric  field  due  to  an  isolated  point  charge  Electric 
field  at  a  distance  r  from  a  source  charge  q  is  given  by 

1 


E  = 


q_ 

2 


4tt£0  r~ 

For  a  positive  charge  (+q),  vector  E  is  directed  radially 
outwards  from  it  and  for  a  negative  charge  (  -</),  E  is 
directed  radially  inwards  it.  Because  electric  field  E  is 
vector  quantity,  the  net  electric  field  due  to  several  charges 
is  given  by  the  vector  sum  of  the  electric  fields  due  to  the 
individual  charges. 

(2)  Electric  field  due  to  an  electric  dipole  A  pair  of 
equal  and  opposite  point  charges  separated  by  a  certain 
distance  is  called  an  electric  dipole. 

Case  (a):  Electric  field  at  a  point  on  the  axis  of  a  dipole 
Let  2a  be  the  separation  between  point  charges  —q  and  +q 
(Fig.  20.5). 

Axis  of  diple 

-q  +q  E_  P  /  c 

• - ± - • - * - 1 - E  + 

0 

-* - 2  a 

K- 


Fig.  20.5 

Electric  fields  at  P  due  to  +q  and  -q  respectively  are 


E ,  = 


q  1 


An  £q  (r  -  a)2 
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q  1 


E_  =  -- 

An  £0  (r  +  a)A 

Electric  field  at  point  P  is 

Ea  =  E+  +  E_ 

2g(2a)r 


4 ne0(r2  -  a2)2 
2p  r 

4 ns0(r2  -  a2)2 

where  p  =  q(2a)  is  the  dipole  moment  and  2a  is  the  vector 
distance  between  charges  —q  and  +q.  Dipole  moment  p  is 
a  vector  quantity  directed  from  -q  to  +q. 

For  a  very  short  dipole  ( a  «  r) 

2p 


E„  = 


4ne0r 


Case  (b):  Electric  field  at  a  point  on  the  perpendicular 
bisector  (equatorial  plane)  of  a  dipole 


+q 


Fig.  20.6 

Electric  fields  at  point  Q  due  to  +q  and  -q  are  (see  Fig. 

20.6) 

q  _  q 


E ,  = 


AkEqX 


and  E_  = 


x2  4  ne0x2 

The  magnitude  of  the  resultant  electric  field  at  Q  is 


Ee  =  E+  cos  0  +  E_  cos  6 


Using  cos@=  —  andx  =  r  +a  ,  we  get 


x 

Ee  = 

In  vector  fonu 

E„  = 


- ^  directed  from  Q  to  R 

4  ne0(r2  +a2f 2 


4  K£0(r2  +  a2)2'2 


For  a  very  short  dipole  (a  «  r) 


E„  =  -- 


47T£0r 


NOTE 


(i)  The  direction  the  electric  field  at  a  point  on  the  axial 
line  of  a  dipole  is  along  the  dipole  moment. 

(ii)  The  direction  of  the  electric  field  at  a  point  on  the  equa¬ 
torial  line  of  a  dipole  is  antiparallel  to  the  dipole  mo¬ 
ment. 

(3)  Electric  field  due  to  a  uniformly  charged  conducting 
rod  A  conducting  rod  AB  of  negligible  thickness  and 
length  L  carries  a  charge  a  charge  Q  uniformly  distributed 
on  it.  To  find  the  electric  field  at  point  P  at  a  distance  a 
from  end  B  (Fig.  20.7),  we  consider  a  small  element  of 
length  dx  of  the  rod  located  at  a  distance  x  from  P. 

A  BP 


dx 


Fig.  20.7 

Charge  of  element  is  dq  =  ^-dx  =  A  dx  where  A  =  ^  is 
the  linear  charge  density.  The  electric  field  at  point  P  due 
to  the  element  is 

dq 


Hence 


dE  = 


E  = 


4  kEqX 


jdE. 


4  ne. 


Adx 
4  ne0x2 


( L  +  a) 

■  J 


dx 

~2 


E  =  — 


4ne0 
A 


(L  +  a ) 


E  = 


4ns0 

A 


4  ne, 


1 

( L  +  a ) 

L 

a(L  +  a)  J 


If  Q  is  positive,  E  is  directed  from  left  to  right. 

(4)  Electric  field  due  to  a  uniformly  charged  ring  (or 
loop)  of  wire  at  a  point  on  its  axis  Consider  a  ring  of 
radius  R  carrying  a  chare  0  distributed  uniformly  on  it. 
To  find  electric  field  at  a  point  P  on  its  axis  at  a  distance  x 
from  the  centre  O,  consider  an  element  of  length  dl  (Fig. 
20.8).  The  charge  of  the  element  is 
Q  dl 


dq  = 


2nR 


The  electric  field  due  to  element  A  is  dE  given  by 

dq 


dE  = 


4ne0r 
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di  y 


Fig.  20.8 

There  is  a  similar  electric  field  at  P  due  to  element  a 
diametrically  opposite  point  B.  The  x  components  of 
electric  fields  due  to  these  elements  add  up  while  the  y 
components  cancel.  Hence 

E  =  jdE  cos  6 

dq  cos  0 
4  ne0r2 

Q  1  x  r 

2  kR  4k  £q  (R~+x2)32j 

Qx 

(R  +  x  ) 

jdl  =  2KR^ 

The  direction  of  E  is  from  O  to  P  if  charge  Q  is  positive. 


E  = 


4k  £a 


20.5  ;  ELECTRIC  FIELD  LINES _ 

Electric  field  lines  of  an  electrostatic  field  give  a  pictorial 
representation  of  the  field.  An  electric  field  line  is  a  curve, 
the  tangent  to  which  at  a  point  gives  the  direction  of  the 
electric  field  at  that  point. 

Figure  20.9  shows  field  line  patterns  around  some 
charge  distributions. 


(e)  Uniform  electric  field 


Fig.  20.9 

Properties  of  Electric  Field  Lines 

(i)  The  tangent  to  a  field  line  at  any  point  gives  the 
direction  of  electric  field  at  that  point. 

(ii)  Field  lines  originate  from  a  positive  charge  and 
tenninate  on  a  negative  charge. 

(iii)  No  two  field  lines  intersect. 

(iv)  Field  lines  are  closer  together  in  the  region  where 
the  field  is  stronger  and  farther  apart  where  the 
field  is  weaker. 

(v)  The  number  of  field  lines  originating  or  ending 
on  a  charge  is  proportional  to  the  magnitude  of 
the  charge. 


NOTE 


Electric  field  line  due  to  a  charge  distribution  never  forms 
a  closed  loop.  But  if  the  electric  is  induced  by  a  time- 
varying  magnetic  field,  its  field  line  forms  a  closed  loop. 


20.6  j  ELECTRIC  FLUX 


The  electric  flux  through  a  surface  in  an  electric  field  is 
a  measure  of  the  number  of  electric  field  lines  passing 
through  the  surface. 

For  a  plane  surface  of  surface  area  S  in  an  electric  field 
E,  the  electric  flux  (p  is  defined  as 

( i b  =  E  S  =  ES  cosd 

where  S  is  called  the  area  vector,  its  magnitude  is  S  and  its 
direction  is  nonnal  to  the  surface  and  away  from  it.  Angle 
0  is  the  angle  between  E  and  S. 

For  a  curved  surface, 

<p  =  jE-dS  =  J(E-n)dS 

where  n  is  a  unit  outward 
normal  to  the  surface.  dS  is  the 
surface  area  of  an  element  of 
the  surface  (Fig.  20.10).  The  SI 
unit  of  electric  flux  is  NC  1  m2  or  Vm  (volt  metre). 

20.7  i  GAUSS'S  LAW  IN  ELECTROSTATICS 

_ I _ 

Gauss’s  law  states  that  the  electric  flux  through  a  closed 

surface  S  in  an  electric  field  E  is  equal  to  — ,  where  q  is 

the  net  charge  enclosed  in  the  surface  and  £0  is  electrical 
permittivity  of  vacuum. 
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E-dS  =  —  (1) 

£o 

Gauss’s  law  is  used  to  obtain  the  expression  for  the  electric 
field  due  to  linear,  surface  and  volume  charge  distributions 
which  are  uniform  and  symmetric  so  that  a  proper  and 
convenient  closed  surface  (called  the  Gaussian  surface) 
can  be  chosen  to  evaluate  the  surface  integral  in  Eq.  (1). 

Some  Important  Points  about  Gauss  s  Law 

(1)  Gauss’s  law  holds  for  any  closed  surface  of  any 
shape  or  size. 

(2)  The  surface  that  we  choose  to  evaluate  electric 
flux  [i.e.  to  evaluate  the  surface  integral  in  Eq. 

(1)]  is  called  Gaussian  surface. 

(3)  If  the  Gaussian  surface  is  so  chosen  that  there  are 
some  charges  outside  and  some  inside  the  surface, 
then  charge  q  on  the  R.H.S.  of  Eq.  (1)  is  the  net 
charge  (taking  into  account  the  sign  of  charges) 
enclosed  inside  the  surface  but  electric  field  E  on 
the  L.H.S.  of  Eq.  (1)  is  the  electric  field  due  to  all 
the  charges  both  inside  and  outside  the  surface. 

(4)  The  exact  location  of  charges  inside  Gaussian 
surface  does  not  affect  the  value  of  the  electric 
flux. 

(5)  If  Coulomb's  law  did  not  hold,  Gauss’s  law  also 
would  not  hold. 

20.8  |  APPLICATIONS  OF  GAUSS'S  LAW 


o 


(1)  Electric  field  due  to  a  thin  infinitely  long  straight 
charged  rod  or  wire  Electric  field  at  a  point  at  a  pen- 
dicular  distance  r  from  a  thin,  infinitely  long  straight  rod 
or  wire  carrying  a  uniform  linear  charge  density  X  is 
given  by 


2 n  £0r 

where  A  =  q  /L  is  the  charge  per  unit  length  of  the  rod 

A  . 

and  n  is  a  unit  vector  pointing  away  from  the  rod  if  q  is 
positive  and  towords  it  if  q  is  negative. 

(2)  Electric  field  due  to  a  thin  sheet  of  charge  Electric 
field  at  a  perpendicular  distance  r  from  a  thin,  flat  and 
infinite  sheet  carrying  a  uniform  surface  charge  density 
o  is  given  by 


2  £0 

.  .  A 

where  a  =  q!  A  is  charge  per  unit  area  and  n  is  a  unit 
vector  pointing  away  from  the  sheet  if  q  is  positive  and 
towards  it  if  q  is  negative.  Notice  that  E  is  independent  of 
r,  the  distance  from  the  sheet. 


(3)  Electric  field  due  to  a  thin  charged  spherical  shell 
Electric  field  at  a  distance  r  from  a  spherical  shell  of 
radius  R  carrying  a  surface  charge  density  a  (=  q/4  nR2) 
is  given  by 


E  =  — 
4ne0r 


A 

a  R~  n 


£rP'“ 


(for  r  >  R) 


crn 

£o 

=  zero 


(for  r  =  R) 
(for  r  <  R) 


where  n  is  a  unit  vector  pointing  radially  outwards  if  q  is 
positive  and  inwards  if  q  is  negative. 


20.9  ;  ELECTRIC  POTENTIAL _ 

The  electric  potential  at  a  point  in  an  electrostatic  field 
is  the  work  per  unit  charge  that  is  done  to  bring  a  small 
charge  in  from  infinity  to  that  point  along  any  path. 

W 

V  =  lim  — 

%  o  q$ 

(1)  Electric  potential  due  to  an  isolated  point  charge 
Electric  potential  at  a  point  P  in  the  electric  field  of  a  point 
charge  is  given  by 


4  n  £0  r 


where  r  is  the  distance  of  the  point  P  from  the  charge.  This 
potential  is  spherically  symmetric  around  the  point,  i.e.  it 
depends  only  on  r  for  a  given  charge  q.  Since  potential  is 
a  scalar  function,  the  spherical  symmetry  means  that  the 
potential  at  a  point  does  not  depend  upon  the  direction  of 
that  point  with  respect  to  the  point  charge;  it  only  depends 
on  the  distance  of  the  point  from  the  charge. 

Notice  that  the  potential  due  to  a  positive  charge 
(< q  >  0)  is  positive,  it  is  negative  in  the  neighbourhood  of 
an  isolated  negative  charge  (q  <  0). 

(2)  Electric  potential  due  to  two  point  charges  To  find 
the  electric  potential  at  a  point  in  the  electric  field  due  to 
two  or  more  charges,  we  first  calculate  the  potential  due 
to  each  charge,  assuming  that  all  other  charges  are  absent, 
and  then  simply  add  these  individual  contributions.  Since, 
unlike  electric  field,  electric  potential  is  a  scalar,  the 
addition  here  is  the  ordinary  sum,  not  a  vector  sum. 

The  potential  at  any  point  due  to  two  point  charges  qx 
and  q2  is,  therefore,  simply  given  by 

V=  1  fql  \q2^ 

4^£oU  r2v 

where  rx  and  r2  are  the  distances  of  the  point  in  the  question 
from  charges  q ,  and  q2  respectively. 
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(3)  Electric  potential  due  to  many  point  charges  The 
potential  at  any  point  due  to  a  system  of  N  point  charges 
in  given  by 


v=  Vx  +  V2  +  ...  +  VN  = 


1 

4ne0 


I 


n  =  1 


% 

r„ 


charge  on  an  electron  is  1.6  x  10  19  C, 
1  eV  =  1.6  x  10  19  J 


20.13 


POTENTIAL  ENERGY  OF  AN  ELECTRIC 
DIPOLE  IN  AN  EXTERNAL  ELECTRIC  FIELD 


20.10  -  RELATION  BETWEEN  E  AND  V 

_ I _ 


Electric  field  is  the  negative  gradient  of  potential.  This 
means  that  the  potential  decreases  along  the  direction  of 
the  electric  field. 


E=- 


dV 

dr 
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The  electric  potential  energy  of  a  system  of point  charges 
is  defined  as  the  amount  of  work  done  to  assemble  this 
system  of  charges  by  bringing  them  in  from  an  infinite 
distance.  We  assume  that  the  charges  were  at  rest  when 
they  were  infinitely  separated,  i.e.  they  had  no  initial 
kinetic  energy. 

The  electric  potential  energy  of  two  point  charges  q  x 
and  q2  separated  by  a  distance  rl2  as  shown  in  Fig.  20.11 
(a)  is  given  by 

u,2  - 

4k£q  rn 


Fig.  20.11 


The  electric  potential  energy  of  a  system  of  three  point 
charges  as  shown  in  Fig.  20.1 1  (b)  is  given  by 

u=  ul2+  u23+  c/31 


1 


47T£a 


ffh+(hfh  +  (hfih 


V  r\2 


'23 


'13  J 


This  expression  can  be  generalized  for  any  number  of 
charges. 


20.12  j  THE  ELECTRON-VOLT 


-  <7  +  q 


- >-  E 

Fig.  20.12 

When  a  dipole  is  placed  in  a  uniform  electric  field  E,  as 
shown  in  Fig.  20.12,  it  experiences  a  torque  given  by 
T  =  p  E  sin  0 

where  0  is  the  angle  between  the  line  joining  the  two 
charges  and  the  electric  field.  In  vector  form 

T  =  p  X  E 

The  torque  tends  to  rotate  the  dipole  to  a  position  where 
0=0,  i.e,  p  is  parallel  to  E. 

The  electric  potential  energy  of  a  dipole  is 
U  =  -  p  E 

20.14  j  ADDITIONAL  USEFUL  FORMULAE 

(1)  Electric  field  and  potential  due  to  a  group  of 
charges 

(i)  Charge  q  at  each  vertex  of  an  equilateral  triangle 
of  side  a  (Fig.  20.13). 


q 


The  SI  unit  of  potential  energy  is  the  joule.  In  atomic 
physics  a  more  convenient  unit  called  the  electron-volt 
(written  as  eV)  is  used.  An  electron-volt  is  the  potential 
energy  gamed  or  lost  by  an  electron  in  moving  through 
a  potential  difference  of  1  volt.  Since  the  magnitude  of 


At  centroid  O,  E0  =  0  and  V0  = 


4  7t£0r 


where  r  = 


a 

7T 
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(ii)  Charge  q  at  each  vertex  of  a  square  of  side  a 
(Fig.  20.14). 


At  center  C,  E  =  0  and  V  =  — — — ;  r  =  ~^= 

4  7t£0r  V2 


Fig.  20.14 


4  ne0r 


1+l-+U- 

4  16 


q  1  q 

_ i _ x _ = _ i _ 

4n  e0r2  ^i_!j  3  ne0r2 


Potential  at  O  is 


V0  = 


q 

4  n  e0r 

q 

4  n  e0r 


1 

+  - 
4 


q 

2  n  e0r 


NOTE 


In  the  above  two  cases,  if  one  of  the  charges  is 
removed  from  a  vertex,  the  net  electric  field  at  O  and  C  is 
E  =  q/4n£0r2,  directed  towards  the  empty  vertex. 

(iii)  For  Fig.  20.15, 


Vc  =  0  and  Ec 


l4lg 

4ne0r2 


(iv)  For  Fig.  20.16, 


Fig.  20.16 


(v) 


Vc=  0 
Ec=  0 


Infinite  number  of  charges,  each  equal  to  q,  placed 
on  the  x-axis  at  x  =  r,  x  =  2r,  x  =  4r. . .  and  so 
on.  Electric  field  at  origin  O  is 


E0  = 


q 

4ne0r2 


(vi)  A  short  electric  dipole  of  dipole  moment  p  (Fig. 
20.17) 


Fig.  20.17 


At  point  A,  Er 


2/7  cos  0 
4n  £0r3 


and 


Ee  = 


psinO 
4  ne0r3 


Net  electric  field  at  A  is  EA 


4$+ E2g 


=  — — — r-(3cos20  + 1)1/2 
47re0r3 


Also  tana  =  —  tan0.  Angle  between  p  and  EA  is 
(a  +  0). 

2p 

At  point  B  on  axial  line,  EB  =  - - j  ( v  0=  0°) 

4  n  £nXJ 


At  point  C  on  equatorial  line,  Ec  =  - 7 

4^env 

(v  e  =  90°) 

.  .  .  p cos  0 

Electric  potential  at  A  is  VA  = 


4  n£0r 


At  point  B\  VB  =  - - 

4  K£0r 

At  point  C;  Vc  =  0 
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(2)  Electric  field  and  potential  due  to  some  charge 

distributions  (Linear  charge  density  A  =  j- ) 

(i)  Charge  Q  distributed  uniformly  on  a  rod  of  length 
L  (Fig.  20.18) 

E 
S 


Fig.  20.18 


At  point  P,  EP  = 


Q 


l 


Ve  = 


4 7T£0  | _r(r  +  L)  J 


Q  ,  fr  +  L 
log, 


47T£0L 


(ii)  Charge  Q  distributed  uniformly  on  a  conducting 
sphere  or  shell  of  radius  R  (Fig.  20.19)  (Surface 


charge  density  a  = 


Q 


4nR‘ 


) 


Fig.  20.19 


At  point  C  outside  the  sphere  or  shell  (r  >  R), 

Q 


Ec  = 


4  7t£0r 


At  point  B  just  outside  the  surface  (r  =  R), 

Q 


eb  = 


4n  £0  R 


At  point  A  inside  the  sphere  or  shell  (r  <  R), 


ea=  o 

Potential  at  center  O  of  sphere  or  shell, 

v  =  Q 

v  o  - 

4^e0  R 

At  points  inside  (r  <  R),  VA  = 


Q 


surface) 

At  point  C  outside  (r  >  R),  Vc  = 


4  k£q  R 


=  VB  (at 


Q 


4k£0R 


(iii)  Charge  Q  distributed  uniformly  on  a  semicircu¬ 
lar  wire  of  radius  R  (Fig.  20.20)  (Linear  charge 


density  A  =  ) 

kR 

At  center  O,  E0  = 
tion 


A 


4  7t£0R 

Q 

4k2e0R2 


along  negative  y-direc- 


At  centre  O,  V0  = 


Q 


4 K  £0  R  4£0 


(iv)  Charge  Q  distributed  uniformly  on  a  ring  of 
radius  R.  (Fig.  20.21).  Electric  field  at  a  point  P 
on  the  axis  is 
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E  is  maximum  at  r  =  ±-^L  and 

V2 


F  = 

max 


1 


■  X  ■ 


2  Q 


4  K£0  3V3 R2 

Electric  potential  at  point  P  is 

Q 


vP  = 


4tT£a 


X  1  ,  9  \l/2 

(i?2  +r2) 


F  is  maximum  at  r  =  0  (i.e.  at  centre  O )  and 
V  =  — - — 

r  max  A  r, 

4ne0R 

(3)  Potential  energy  of  a  system  of  charges 
(i)  Charge  Q  kept  at  each  Q 

vertex  of  an  equilateral  of 
side  a.  Potential  energy  is 
(Fig.  20.22). 


U  = 


3  or 


4  ne0  a 


Fig.  20.22 


(ii) 


(iii) 


Charge  Q  kept  at  each  vertex 
of  a  square  of  side  a  (Fig. 
20.23) 

u=  4xQ2  1  2Q 2 

4k£qq  4n£0(aJ2) 

Q 2 

=  4  +  72) 

4ne0a 


Q  a  Q 


Fig.  20.23 


An  electric  dipole  of  dipole  moment  p  placed  in 

uniform  electric  field  E  with  angle  0  between  p  and 

E.  Torque  X  =  p  x  E  and  potential  energy  t/=-  p.E. 

The  zero  of  potential  energy  is  taken  at  9=  90°. 

(a)  When  0=0°,  r  =  0,  U  =  minimum  =  - pE 
(stable  equilibrium) 

(b)  When  9  =  90°,  x  =  maximum  =  pE,  U  =  0 

(c)  When  9  =  180°,  x  =  0,  U  =  maximum  =  pE 
(unstable  equilibrium) 

(d)  Work  done  in  turning  a  dipole  from  angle  0, 
to  angle  02  is 

W  =  pE  (cos  9l  -  cos  02) 

If  0!  =  0°  and  02  =  180°,  W  =  2 pE 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 

Q 


1.  Three  point  charges  Q,  —  2 Q  and  -  2 Q  are  placed  at 
the  vertices  of  an  equilateral  triangle  of  side  r.  The 
work  done  to  increase  their  separation  to  2  r  is 


(a)  zero 


(b) 


or 


(C) 


4n  £0  j 

-  «.,  ^ 

4  n  £0  r  4  n  £0  1 


2  Q2 


2.  A  point  charge  Q  is  placed  at  point  P  at  a  distance 
R  from  the  centre  O  of  a  metallic  spherical  shell  of 
inner  radius  2 R  and  outer  radius  2.5  R.  The  electric 
potential  at  the  centre  of  the  shell  will  be 

e-  <b, 

4neA6R, 


(a) 


4  n  £0  R 


(c)  zero 


(d) 


1  (  9  Q 


3. 


4 n  £0 

Two  concentric  metallic  shells  of  radii  R  and  2 R 
are  given  charges  Q  and  2  Q  respectively.  If  the  two 
shells  are  connected  by  a  metallic  wire,  the  change 
in  electric  potential  on  the  outer  shell  is 


(a) 


(c) 


An  £q  R 

3  Q 

4k  £q  (2 R) 


(b) 


Q 


4k  £0  (2 R) 


(d)  zero 


4.  A  metal  sphere  of  radius  R  carries  a  charge  Q.  The 
electric  field  on  its  surface  is  E  and  the  electric  po¬ 
tential  is  V.  If  R  is  doubled  keeping  Q  the  same,  the 
new  values  of  E  and  V  will  be 


E  V 

(a)  —  and  — 
4  2 


E  V 

(b)  —  and  — 
2  4 


(c)  4 E  and  2F  (d)  2 E  and  4V 

5.  A  metal  sphere  of  radius  R  has  surface  charge  den¬ 
sity  o.  The  electric  field  on  its  surface  is  E  and  the 
electric  potential  is  V.  Ifi?  is  halved,  keeping  <7  the 
same,  the  new  values  of  E  and  V  will  be 
(a)  4 E  and  2F  (b)  2 E  and  4V 


V 

(c)  E  and  — 

2 


(d)  —  and  V 

2 
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6.  The  electric  field  due  to  a  very  short  electric  dipole 
at  a  point  P  on  its  axial  line  at  a  distance  r  from  it 
is  Ep  and  at  a  point  Q  on  its  equatorial  line  at  a 
distance  2  r  from  it  is  Eq  .  Then 

(a)  EP  =-16  Eq  (b)  EP  =  -8  4 

(c)  EP  =  8  Eq  (d)  EP  =  -  Eq 


7.  A  hollow  metal  sphere  is  charged  such  that  the  po¬ 
tential  at  its  centre  is  V.  The  potential  on  the  surface 
of  the  sphere  is 

(a)  zero  (b)  V 

(c)  more  than  V  (d)  less  than  V 

8.  The  work  done  in  carrying  a  charge  q  once  round  a 
circle  with  a  charge  Q  at  the  centre  is  Wx.  The  work 
done  is  W2  if  charge  q  is  moved  from  one  end  of  a 
diameter  to  the  other.  Then 


(a)  W |  >  W2  (b)  W |  <  W2 

(c)  WX  =  W2*  0  (d)  W j  =  W2  =  0 

9.  Three  point  charges  4 q,  Q  and  q  are  placed  in  a 
straight  line  of  length  /  at  points  distant  0,  1J2  and 
/  respectively.  If  the  net  force  on  charge  q  is  zero, 
the  magnitude  of  the  force  on  charge  4 q  is 


(a) 

2 

q 

(b) 

2  q2 

n  £0  / 2 

n  £0  /2 

(c) 

3  q2 

(d) 

4q2 

n  £0  / 2 

n  £0  / 2 

10.  A  charge  q  is  placed  at  the  centre  of  the  line  join¬ 
ing  two  equal  charges  Q.  The  system  of  the  three 
charges  will  be  in  equilibrium  if  q  is  equal  to 


«-? 


(c)  + 


Q 

2 


(d)  + 


Q 

4 


<  IIT,  1987 

11.  One  thousand  spherical  water  droplets,  each  of 
radius  r  and  each  carrying  a  charge  q,  coalesce  to 
fonn  a  single  spherical  drop.  If  v  is  the  electrical 
potential  of  each  droplet  and  V  that  of  the  bigger 
drop,  then 


(a) 

(c) 


V 
v 

V 


1 

Tooo 

100 


(b) 

(d) 


V  _  1 

v  100 

V 

-  =  1000 


v  v 

12.  Two  metallic  identical  spheres  A  and  B  carrying 
equal  positive  charge  +  q  are  a  certain  distance 
apart.  The  force  of  repulsion  between  them  is  F.  A 
third  uncharged  sphere  of  the  same  size  is  brought 
in  contact  with  sphere  A  and  removed.  It  is  then 


brought  in  contact  with  sphere  B  and  removed.  What 
is  the  new  force  of  repulsion  between  A  and  B? 


(a)  F 

(b) 

U > 
X>  Kq 

F 

(d) 

F 

(C)  2" 

J 

13.  Two  small  identical  balls  P  and  Q,  each  of  mass 
V3/10  gram,  carry  identical  charges  and  are  sus¬ 
pended  by  threads  of  equal  lengths.  At  equilibrium, 
they  position  themselves  as  shown  in  Fig.  20.24. 

1 

What  is  the  charge  on  each  ball.  Given  - -  = 

6  4  7T  £0 

9  x  109  Nm2C  2  and  take  g  =  10  ms-2. 

(a)  10~3  C  (b)  10~5  C 

(c)  10  7  C  (d)  10  9  C 


Fig.  20.24 

14.  Two  point  charges  qx  =  2  pC  and  q2  =  1  pC  are 
placed  at  distances  b  =  1  cm  and  a  =  2  cm  from  the 
origin  on  the  y  and  x  axes  as  shown  in  Fig.  20.25. 
The  electric  field  vector  at  point  P  (a,  b )  will  sub¬ 
tend  an  angle  6  with  the  x-axis  given  by 
(a)  tan  0=1  (b)  tan  0=2 

(c)  tan  0  =  3  (d)  tan  0=4 

y 


q  1 


P  (a,  b) 


b 


1 - 1 - >-  x 

O  a  c?2 


Fig.  20.25 

15.  An  electric  dipole  placed  with  its  axis  in  the  direc¬ 
tion  of  a  uniform  electric  field  experiences 

(a)  a  force  but  no  torque 

(b)  a  torque  but  no  force 

(c)  a  force  as  well  as  a  torque 

(d)  neither  a  force  nor  a  torque. 

16.  An  electric  dipole  placed  with  its  axis  inclined  at 
an  angle  to  the  direction  of  a  uniform  electric  field 
experiences 
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(a)  a  force  but  no  torque 

(b)  a  torque  but  no  force 

(c)  a  force  as  well  as  a  torque 

(d)  neither  a  force  nor  a  torque 

17.  An  electric  dipole  placed  in  a  non-unifonn  electric 
field  experiences 

(a)  a  force  but  no  torque 

(b)  a  torque  but  no  force 

(c)  a  force  as  well  as  a  torque 

(d)  neither  a  force  nor  a  torque. 

18.  A  cube  of  side  b  has  a  charge  q  at  each  of  its 
vertices.  What  is  the  electric  potential  at  the  centre 
of  the  cube? 


4  q 

^  vw 

2  q 


(b) 


v/3g 

7C£0b 


(C) 


7T£0b 


(d)  zero 


19.  In  Q.  18,  the  electric  field  at  the  centre  of  the  cube  is 
4  9  ™  3cl 


(a) 


(c) 


3  K£0b 
2  q 

TC  £g  b 2 


(b) 


7T£n  b~ 


(d)  zero 


20.  Two  point  charges  -  q  and  +  q  are  located  at  points 
(0,  0,  -  a)  and  (0,  0,  a)  respectively.  What  is  the 
electric  potential  at  point  (0,  0,  z)? 


(a) 


(c) 


qa 


4  7T£0z 


2  qa 


4k£q  [z1  -  a7Sj 


(b) 


(d) 


4  7T£0a 


2q  a 


4  n£0  (z2  +  t72) 


21.  In  Q.  20,  how  much  work  is  done  in  moving  a 
small  test  charge  q0  from  point  (5,  0,  0)  to  a  point 
(-  7,  0,  0)  along  the  x-axis? 


(a) 


4ne0a 


(b)  7-x 


<?o<7 

4  7t£0  a 


(c)  — X 
12 


4  7t£0  a 


(d)  zero 


22.  A  neutral  hydrogen  molecule  has  two  protons  and 
two  electrons.  If  one  of  the  electrons  is  removed 
we  get  a  hydrogen  molecular  ion  (Hi).  In  the 
ground  state  of  Hi  the  two  protons  are  separated 
by  roughly  1.5  A  and  the  electron  is  roughly  1  A 
from  each  proton.  What  is  the  potential  energy  of 
the  system? 

(a)  -  38.4  eV  (b)  -  19.2  eV 

(c)  -  9.6  eV  (d)  zero 


23.  In  a  hydrogen  atom,  the  electron  and  the  proton 
are  bound  together  at  a  separation  of  about  0.53  A. 
If  the  zero  of  potential  energy  is  taken  at  an  infi¬ 
nite  separation  of  the  electron  from  the  proton,  the 
potential  energy  of  the  electron-proton  system  is 

(a)  -  54.4  eV  (b)  -  27.2  eV 

(c)  -  13.6  eV  (d)  zero 

24.  A  positive  charge  (+  q)  is  located  at  the  centre  of 
a  circle  as  shown  in  Fig.  20.26.  Wx  is  the  work 
done  in  taking  a  unit  positive 

charge  from  A  to  B  and  W2 
is  the  work  done  in  taking 
the  same  charge  from  A  to  C. 

Then 

(a)  W ,  >  W2 

(b)  W ,  <  W2 

(c)  W ,  =  W2 

(d)  W,  » V-  0 

25.  Two  concentric  spheres  of  radii  r1  and  r2  carry 
charges  qt  and  q2  respectively.  If  the  surface  charge 
density  ( a)  is  the  same  for  both  spheres,  the  electric 
potential  at  the  common  centre  will  be 


(a)  -A 


(b)  - 


-o  0 


(c)  —  0,  -  r2)  (d)  —  (r,  +  r2) 

£o  £o 

26.  The  magnitude  of  the  electric  field  on  the  surface  of 
a  sphere  of  radius  r  having  a  uniform  surface  charge 
density  o  is 


(a)  - 
£o 


(C)  — 
£0r 


(b)  ~— 
2£n 


(d) 


2£0r 


27.  Two  equal  negative  charges  -  q  are  fixed  at  points 
(0,  a)  and  (0,  -  a).  A  positive  charge  +  Q  is  released 
from  rest  at  the  point  (2a,  0)  on  the  x-axis.  The 
charge  Q  will 

(a)  execute  SHM  about  the  origin 

(b)  move  to  the  origin  and  remain  at  rest  there. 

(c)  move  to  infinity. 

(d)  execute  oscillations  but  not  SHM. 

<  IIT,  1985 

28.  Four  charges  q,  2 q,  3 q  and  4 q  are  placed  at  corners 
A,  B,  C  and  D  of  a  square  as  shown  in  Fig.  20.27. 
The  field  at  centre  P  of  the  square  has  the  direction 
along 
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(a)  AB 
(c)  AC 


Fig.  20.27 

(b)  CB 
(d)  DB 

29.  Particle  A  has  a  charge  +  q  and  particle  B  has  a 

charge  +  4 q,  each  having  the  same  mass  m.  When 
allowed  to  fall  from  rest  through  the  same  potential 
difference,  the  ratio  of  their  speeds  vJvR  will  be 
(a)  2:1  (b)  1:2 

(c)  1  :  4  (d)  4  :  1 

30.  Four  equal  charges  Q  are  placed  at  the  four  comers 
of  a  square  of  side  a.  The  work  done  in  removing  a 
charge  —  Q  from  the  centre  of  the  square  to  infinity 
is 

V2  Q2 
4  ne0a 


(a) 

zero 

(b) 

(c) 

'/2Q2 

(d) 

Q- 


uEq  ci  2ne0a 

31.  A  point  charge  +  q  is  placed  at  the  mid  point  of  a 
cube  of  side  L.  The  electric  flux  emerging  from  the 
cube  is 

q_ 

£o 


(a)  ± 


(b)  zero 


(c) 


6  qLZ 


(d) 


6  L2£,, 


£0  yj  L,  C0 

32.  A  solid  conducting  sphere  having  a  charge  Q  is 
surrounded  by  an  uncharged  concentric  conducting 
hollow  spherical  shell.  The  potential  difference  be¬ 
tween  the  surface  of  the  solid  sphere  and  the  outer 
surface  of  the  hollow  shell  is  V.  If  the  shell  is  now 
given  a  charge  of  —  3  Q,  the  new  potential  difference 
between  the  same  two  surfaces  is 

(a)  V  (b)  2  V 

(c)  4  V  (d)  -  2  V 

<  IIT,  1989 

33.  Two  identical  thin  rings,  each  of  radius  R  are 
coaxially  placed  a  distance  R  apart.  If  Qx  and  Q2  are 
respectively  the  charges  uniformly  spread  on  the 
two  rings,  the  work  done  in  moving  a  charge  q  from 
the  centre  of  one  ring  to  the  centre  of  the  other  is 


(a)  zero 

(b) 


4n  £0  V2  R 


(Qi-Q2)(J 2-1) 


(c) 


(d) 


i'll 


4k£0R 


(Q 1  +  02) 


(yf2+l)q{Ql+Q2) 
'Jl  4n  £n  R 


<  IIT,  1992 

34.  An  electron  of  mass  me,  initially  at  rest,  moves 
through  a  certain  distance  in  a  unifomi  electric  field 
in  time  tx .  A  proton  of  mass  mp,  also  initially  at  rest, 
takes  time  t2  to  move  through  an  equal  distance  in 
this  uniform  electric  field.  Neglecting  the  effect  of 
gravity,  the  ratio  t2/tl  is  nearly  equal  to 


(a)  1 


vl/2 


(b)  ( mp/me ) 

(c)  0 njm/2  (d)  1836 

<  IIT,  1997 

35.  A  nonconducting  ring  of  radius  0.5  m  carries  a  total 
charge  of  1.11  X  10  10  C  distributed  non-uniformly 
on  its  circumference  producing  an  electric  field  E 
everywhere  in  space.  The  value  of  the  line  integral 

E  ■  dl  (l  =  0  being  centre  of  the  ring)  in 


c  /  =  0 


J/  =  . 

volts  is 

(a)  +2 
(c)  -2 


(b)  -  1 
(d)  zero 


Fig.  20.28 

37.  A  charge  +  q  is  fixed  at  each  of  the  points  x  =  x0, 
x  =  3  x0,  x  =  5x0  . . .  upto  infinity  and  a  charge  q  is 
fixed  at  each  of  the  points  x  =  2x0,  x  =  4x0,  x  =  6x0 
...  upto  infinity.  1 1  ere  x(l  is  a  positive  constant.  The 
potential  at  the  origin  to  this  system  of  charges  is 


(a)  zero 


(b) 


4  n  £0  Xq  In  (2) 
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(c)  infinity  (d) 

4  K  £q  Xq 

<  IIT,  1998 

38.  Three  charges  Q,  +  q  and  +  q  are  placed  at  the 
vertices  of  a  right-angled  isosceles  triangle  as 
shown  in  Fig.  20.29.  The  net  electrostatic  energy 
of  the  configuration  is  zero  if  Q  is  equal  to 


(a) 


-q 
1  + V2 


(c)  -  2  q 


(b) 

(d) 


—  2  q 

2  +  42 
+  q 

<  IIT,  2000 


Q 


43.  Two  identical  charges  are  placed  at  the  two  cor¬ 
ners  of  an  equilateral  triangle.  The  potential  energy 
of  the  system  is  U.  The  work  done  in  bringing  an 
identical  charge  from  infinity  to  the  third  vertex  is 

(a)  U  (b)  2  U 

(c)  3  U  (d)  4  U 

44.  The  magnitude  of  electric  intensity  at  a  distance  x 
from  a  charge  q  is  E.  An  identical  charge  is  placed 
at  a  distance  2x  from  it.  Then  the  magnitude  of  the 
force  it  experiences  is 

(a)  qE  (b)  2qE 

to  f  «0  f 

45.  A  particle  carrying  a  charge  q  is  shot  with  a  speed 
v  towards  a  fixed  particle  carrying  a  charge  Q.  It 
approaches  Q  up  to  a  certain  distance  r  and  then 
returns  as  shown  in  Fig.  20.30. 

q  Q 

• - ►  v . -* - •  • 


Fig.  20.29 

39.  Eight  dipoles  of  charges  of  magnitude  e  are  placed 
inside  a  cube.  The  total  electric  flux  coming  out  of 
the  cube  will  be 


(a) 

8e 

(b) 

I6e 

£0 

£0 

(c) 

e 

£0 

(d) 

zero 

40.  A  point  Q  lies  on  the  perpendicular  bisector  of  an 
electrical  dipole  of  dipole  moment  p.  If  the  distance 
of  Q  from  the  dipole  is  r  (much  larger  than  the  size 
of  the  dipole),  then  the  electric  field  at  Q  is  propor¬ 
tional  to 

(a)  p  1  and  rA  (b)  p  and  r~2 

(c)  p2  and  r  3  (d)  p  and  r~3 

41.  A  particle  of  mass  m  and  charge  q  is  released 
from  rest  in  a  uniform  electric  field  E.  The  kinetic 
energy  attained  by  the  particle  after  moving  a 
distance  x  is 

(a)  qEx2  (b)  qE2x 

(c)  qEx  (d)  q2Ex 

42.  There  is  a  uniform  field  of  strength  103  Vm  1  along 
the  y-axis.  A  body  of  mass  1  g  and  charge  1  (T6  C 
is  projected  into  the  field  from  the  origin  along  the 
positive  x-axis  with  a  velocity  of  10  ms-1.  Its  speed  (in 
ms-1)  after  10  second  will  be  (neglect  gravitation) 

(a)  10  (b)  5V2 

(c)  10V2  (d)  20 


Fig.  20.30 

If  charge  q  were  moving  with  a  speed  2v,  the 
distance  of  the  closest  approach  would  be 


(a)  r 

(b)  2 r 

r 

(c)  - 
2 

r 

•d>  - 

Four  charges,  each  equal  to  -  Q,  are  placed  at  the 
corners  of  a  square  and  a  charge  +  q  is  placed  at  its 

centre.  If  the  system  is 
q  is 

in  equilibrium,  the  value  of 

(a)  (l  +  2V2) 

(b)  ^  (l  +  2V2 ) 

(c)  (1  +  2V2) 

(d)  f  (1  +  2V2) 

A  charge  having  magnitude  Q  is  divided  into  two 
parts  q  and  ( Q  —  q)  which  are  held  a  certain  dis¬ 
tance  r  apart.  The  force  of  repulsion  between  the 
two  parts  will  be  maximum  if  the  ratio  q!Q  is 

(a)  \ 

< 

<d>  i 

48.  A  charge  Q  is  given  to  a  hollow  metallic  sphere  of 
radius  R.  The  electric  potential  at  the  surface  of  the 
sphere  is 
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(a)  zero 

1 


Q_ 

4 ne0  R 2 


(c)  — ■  ^ 


<b>  r-? 

4k£q  R 
(d)  4 neQ  Q/R 


49.  In  Q.  48,  the  potential  at  a  distance  r  from  the 
centre  of  the  sphere  where  r  <  R  is 

1  Q 


(a)  zero 


(c) 


1 


Q 


4  ne0  R  +  r 


(b) 


(d) 


47re0  (R  -  r ) 
4  ne0Q 


( R  ~  r  ) 

50.  The  electric  potential  V  at  any  point  (x,  y,  z )  in 
space  is  given  by  V—  4x2  volt  where  x,  y  and  z  are 
all  in  metre.  The  electric  field  at  the  point  (1  m,  0, 
2  m)  in  VnT1  is 

(a)  8  along  negative  x-axis 

(b)  8  along  positive  x-axis 

(c)  16  along  negative  x-axis 

(d)  16  along  positive  x-axis 

<  IIT,  1992 

51.  Two  spheres  of  radii  r  and  R  carry  charges  q  and  Q 
respectively.  When  they  are  connected  by  a  wire, 
there  will  be  no  loss  of  energy  of  the  system  if 

(a)  qr  =  QR  (b)  qR  =  Qr 


(c)  qr 2  =  QR2 


(d)  qR 2  =  Qr 2 


52.  Two  equal  point  charges  of  1  pC  each  are  located 

AAA  AAA 

at  points  (i  +  j  -  k)  m  and  (2  i  +  3  j  +  k)  m.  What 
is  the  magnitude  of  electrostatic  force  between 
them? 


(a)  1 0  3  N 
(c)  1(T9  N 


(b)  1(T6N 

-12 


(d)  11T1-  N 

53.  Three  equal  point  charges  q  are  placed  at  the  cor¬ 
ners  of  an  equilateral  triangle.  Another  charge  Q  is 
placed  at  the  centroid  of  the  triangle.  The  system  of 
charges  will  be  in  equilibrium  if  Q  equals 


<■>£ 

(c,i 

W)-i 

A  metallic  sphere  A  of  radius  a  carries  a  charge 
Q.  It  is  brought  in  contact  with  an  uncharged  sphere 

B  of  radius  b.  The  charge 

on  sphere  A  now  will  be 

(a)  f 

b 

(w  « 

a 

<0  bQ, 
a  +  b 

«i)  aQh 

a  +  b 

55.  Three  positive  charges  of  equal  value  q,  are  placed 
at  the  vertices  of  an  equilateral  triangle.  The  result¬ 
ing  lines  of  force  should  be  sketched  as  in  (see  Fig. 
20.31). 


(C) 


(d) 


Fig.  20.31 


■  IIT,  2001 


56.  A  quantity  X  is  given  by  £0Z  -  where  £0  is  the 

At 

permittivity  of  free  space,  L  is  a  length,  A  I7  is  a 
potential  difference  and  At  is  a  time  interval.  The 
dimensional  formula  for  X  is  the  same  as  that  of 
(a)  resistance  (b)  charge 

(c)  voltage  (d)  current 

<  IIT,  2001 

57.  A  uniform  electric  field  pointing  in  positive 
x-direction  exists  in  a  region.  Let  A  be  the  origin, 
B  be  the  point  on  the  x-axis  at  x  =  +  1  cm  and  C 
be  the  point  on  the  y-axis  at  y  =  +  1  cm.  Then  the 
potentials  at  the  points  A,  B  and  C  satisfy: 

(a)  VA  <  VB  (b)  VA  >  VB 

(c)  VA  <  Vc  (d)  VA  >  Vc 

<  IIT,  2001 

58.  Two  equal  point  charges  are  fixed  at  x  =  -  a  and 
x  =  +  a  on  the  x-axis.  Another  point  charge  Q  is 
placed  at  the  origin.  The  change  in  the  electrical 
potential  energy  of  Q,  when  it  is  displaced  by  a 
small  distance  x  along  the  x-axis,  is  approximately 
proportional  to 

(a)  x  (b)  x2 

(c)  x3  (d)  1/x 

<  IIT,  2002 

59.  A  metallic  shell  has  a  point  charge  q  kept  inside 
its  circular  cavity.  The  charge  is  not  exactly  at  the 
centre  of  the  cavity.  Which  of  the  diagrams  in  Fig. 
20.32  correctly  represents  the  electric  lines  of  force? 
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<  IIT,  2003 

60.  Three  negative  point  charges  -  q  each,  and  three 
positive  point  charges  +  q,  +  q  and  +  Q  are  placed 
at  the  vertices  of  a  regular  hexagon  as  shown  in  Fig. 
20.33.  For  what  value  of  Q  will  the  electric  field  at 
O  to  due  to  the  five  charges  at  A,  B,  D,  E  and  F  be 
twice  the  electric  field  at  centre  O  due  to  charge  Q 
at  C  alone? 

(a)  q  (b)  | 

(c)  2  q  (d)  5  q 

<  IIT,  2004 


-q  +q 


Fig.  20.33 


61.  Figure  20.34  shows 
a  spherical  Gaussian 
surface  and  a  charge 
distribution.  When 
calculating  the  flux  of 
electric  field  through 
the  Gaussian  surface, 
the  electric  field  will 
be  due  to 


(a)  +  <73  alone  (b)  +  qx  and  +  q2 

(c)  +  <7j,  +  <73  and  -  q2  (d)  +  qx  and  -  q2 

<  IIT,  2004 

62.  Three  infinite  long  plane  sheets  carrying  uniform 
charge  densities 

<7j  =  -  a,  o2  =  +  2a  and  a3  =  +  3cr 
are  placed  parallel  to  the  x— z  plane  at  y  =  a,  y  =  3a 
andy  =  4 a  as  shown  in  Fig.  20.35.  The  electric  field 
at  point  P  is 


(a)  zero 


(c) 


3  <7  - 
- J 

eo 


Fig.  20.35 


(b) 


2  <7  - 
- J 

£o 


(d) 


3  <7  ~ 

- J 


<  IIT,  2005 

63.  A  metallic  sphere  of  radius  R  is  charged  to  a  po¬ 
tential  V.  The  magnitude  of  the  electric  field  at  a 
distance  r  (>  R)  from  the  center  of  the  sphere  is 


(a) 


V 

r 


(b) 


Vr 

R2 


64.  Two  point  charges  qx  =  1  pC 
and  q2  =  2pG  are  placed  at 
points  A  and  B  6  cm  apart 
as  shown  in  Fig.  20.36. 
A  third  charge  Q  =  5|iC 
is  moved  from  C  to  D 
along  the  arc  of  a  circle  of 
radius  8  cm  as  shown.  The 
change  in  the  potential 
energy  of  the  system  is 


(d)  zero 

QT 

8  cm 

<7i 


<72 


A  B  D 

-6  cm — *- 


Fig.  20.36 


(a)  3.0  J  (b)  3.6  J 

(c)  5.0  J  (d)  7.2  J 


Fig.  20.34 
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65.  A  partical  of  mass  m  and  charge  +  q  is  midway 
between  two  fixed  charged  particles,  each  having 
a  charge  +  q  and  at  a  distance  2 L  apart.  The  middle 
charge  is  displaced  slightly  along  the  line  joining 
the  fixed  charges  and  released.  The  time  period  of 
oscillation  is  proportional  to. 

- 1/2 


(a)  V 
(c)  L 


3/2 


(b)  L 
(d)  L2 


66.  Five  point  charges,  each  equal  to  +q,  are  placed 
at  five  vertices  of  a  regular  hexagon  of  side  L.  The 
magnitude  of  the  force  on  a  point  charge  -  q  placed 
at  the  centre  of  the  haxagon  is 


(a) 


(c) 


5  ql 


4nenL 


(b) 


3 


47 tEqL 


4k£0L 


(d)  zero 


<  IIT,  1992 

67.  Two  isolated  metal  spheres  of  radii  R  and  2 R  are 
charged  such  that  both  have  the  same  surface 
charge  density  cr.  The  spheres  are  located  far  away 
from  each  other.  When  they  are  connected  by  a  thin 
conducting  wire,  the  new  surface  charge  density  on 
the  bigger  sphere  will  be 


,  ,  2cr 

(a)  - 

3 

,  ,  5(7 

(c)  T 


<«! 


IIT,  1996 


68.  A  spherical  portion  has 
been  removed  from  a 
solid  sphere  having  a 
charge  distributed  uni¬ 
formly  in  its  volume 
as  shown  in  Fig.  20.37. 

The  electric  field  inside 
the  emptied  space  is 

(a)  zero  everywhere 

(b)  non-zero  and  uni¬ 
form 

(c)  non-uniform 

(d)  zero  only  at  its  centre 

<  IIT,  2007 

69.  Positive  and  negative  point  charges  of  equal 


magnitude  are  kept  at  |^0,  0,  —  J  and 
respectively.  The  work  done  by  the  electric  field 


—  a 

°'°'T 


when  another  positive  point  charge  is  moved  from 
(-  a,  0,  0)  to  (0,  a,  0)  is 

(a)  positive 

(b)  negative 

(c)  zero 

(d)  depends  on  the  path  connecting  the  initial  and 
final  positions 

<  IIT,  2007 

70.  A  long,  hollow  conducting  cylinder  is  kept  coaxi¬ 
ally  inside  another  long,  hollow  conducting  cylin¬ 
der  of  larger  radius.  Both  the  cylinders  are  initially 
electrically  neutral. 

(a)  A  potential  difference  appears  between  the 
two  cylinders  when  a  charge  density  is  given 
to  the  inner  cylinder 

(b)  A  potential  difference  appears  between  the 
two  cylinders  when  a  charge  density  is  given 
to  the  outer  cylinder 

(c)  No  potential  difference  appears  between  the 
two  cylinders  when  a  uniform  line  charge  is 
kept  along  the  axis  of  the  cylinders 

(d)  No  potential  difference  appears  between  the 
two  cylinders  when  same  charge  density  is 
given  to  both  the  cylinders 

<  IIT,  2007 

71.  Consider  a  neutral  conducting  sphere.  A  positive 
point  charge  is  placed  outside  the  sphere.  The  net 
charge  on  the  sphere  is  then, 

(a)  negative  and  distributed  uniformly  over  the 
surface  of  the  sphere 

(b)  negative  and  appears  only  at  the  point  on  the 
sphere  closest  to  the  point  charge 

(c)  negative  and  distributed  non-uniformly  over 
the  entire  surface  of  the  sphere 

(d)  zero 

<  IIT,  2008 

72.  Three  concentric  metallic  spherical  shells  of  radii 
R,  2 R,  3 R,  are  given  charges  Qx,  Q2,  Q},  respec¬ 
tively.  It  is  found  that  the  surface  charge  densi¬ 
ties  on  the  outer  surfaces  of  the  shells  are  equal. 
Then,  the  ratio  of  the  charges  given  to  the  shells, 

Qi  '■  Qi  ■  Qi’  is 

(a)  1  :  2  :  3  (b)  1  :  3  :  5 

(c)  1  :  4  :  9  (d)  1  :  8  :  18 

<  IIT,  2009 

73.  A  disk  of  radius  a/4  having  a  uniformly  distributed 
charge  6C  is  placed  in  the  x-y  plane  with  its  centre  at 
(-  a/2,  0,  0).  A  rod  of  length  a  carrying  a  uniformly 
distributed  charge  8C  is  placed  on  the  x-axis  from 
x  =  a/4  to  x  =  5 a/4.  Two  point  charges  -  7C  and  3C 
are  placed  at  (a/4,  -  a/4,  0)  and  (-  3a/4,3a/4,  0), 
respectively.  Consider  a  cubical  surface  formed  by 
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six  surfaces x  =  ±  a/2,  y  =  ±  a/2,  z  =  ±  a/2.  The  elec¬ 
tric  flux  through  this  cubical  surface  is  [see  Fig. 
20.38] 


Fig.  20.38 

<  IIT,  2009 


74. 


—  A 

Consider  an  electric  field  E  =  E0x ,  where  E0  is 
a  constant.  The  flux  through  the  shaded  area  (as 
shown  in  Fig.  20.39)  due  to  this  field  is 


Fig.  20.39 


(a)  2 E0a2 
(c)  E0a2 
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1.  (a) 

2.  (d) 

3.  (d) 

7.  (b) 
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39.  (d) 

43.  (b) 

44.  (d) 

45.  (d) 

49.  (a) 

50.  (a) 

51.  (b) 

55.  (c) 

56.  (d) 

57.  (b) 

61.  (c) 

62.  (c) 

63.  (c) 

67.  (c) 

68.  (b) 

69.  (c) 

73.  (a) 

74.  (c) 

SOLUTIONS 

1.  Work  done  =  final  P.E.  -  initial  P.E. 
or  W=Uf-Ui 

U,  =  [(q)  (-2 q)  +  q(-2q)  +  (-2 q)  (-2 q)\ 

4  n  eQ  r 

=  0 

Uf  =  - - —  [(</)  (-2 q)  +  q(-2q)  +  (-2 q)  (~2q)] 

J  \k  £0  (2  r) 

=  0 

W  =  0.  So  the  correct  choice  is  (a). 

2.  Charge  Q  at  point  P  will  induce  a  charge  -  Q  on  the 
inner  surface  and  a  charge  +  Q  on  the  outer  surface 
of  the  shell  (Fig.  20.40).  The  electric  potential  at  O  is 


4.  (a) 

5.  (c) 

6.  (a) 

10.  (d) 

11.  (c) 

12.  (b) 

16.  (b) 

17.  (c) 

18.  (a) 

22.  (b) 

23.  (b) 

24.  (d) 

28.  (b) 

29.  (b) 

30.  (c) 

34.  (b) 

35.  (d) 

36.  (d) 

40.  (d) 

41.  (c) 

42.  (c) 

46.  (a) 

47.  (a) 

48.  (b) 

52.  (a) 

53.  (b) 

54.  (d) 

58.  (b) 

59.  (c) 

60.  (b) 

64.  (b) 

65.  (c) 

66.  (c) 

70.  (a) 

71.  (d) 

72.  (b) 
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4  n  £a 


9Q_) 

10  R ) 


3.  Before  connection,  charge  Q  on  the  inner  shell  in¬ 
duces  a  charge  —  Q  on  the  inner  surface  of  the  outer 
shell  and  a  charge  +  Q  on  its  outer  surface.  There¬ 
fore,  the  total  charge  on  the  outer  surface  of  the 
outer  shell  =  Q  +  2Q=3Q.  When  the  two  shells  are 
connected  by  a  conducting  wire,  the  entire  charge 
Q  on  the  inner  shell  is  conducted  to  the  outer  shell. 
Therefore,  the  charge  on  the  outer  shell  now  is 
Q  +  2 Q  =  3Q,  the  same  as  before.  Hence  there  will 
be  no  change  in  its  electric  potential. 


4.  E  = 


0 


4  n  £0  R ~ 


and  V  = 


0 


4n  £0  R 


Hence  if  R  is  doubled,  E  becomes  £74  and  V  be¬ 
comes  V/2.  So  the  correct  choice  is  (a). 

0 


5.  a  = 


4kR 


.  In  terms  of  a, 


6. 


E-  "  andF*^ 


eo  £0 

If  R  is  halved,  E  remains  the  same  but  V  becomes 
V 

—  .  So  the  correct  choice  is  (c). 

2 

If  p  is  the  electric  dipole  moment,  then 


EP 


2  p 

4n  £0  r3 


P 

4tt£0  (2r)3 


EP  =  -  16  Eq,  which  is  choice  (a). 

7.  The  potential  inside  a  spherical  conductor  is  con¬ 
stant  including  that  on  its  surface.  Hence  the  correct 
choice  is  (b). 

8.  The  potential  at  every  point  on  the  circle  due  to 
charge  Q  is  the  same.  Work  done  =  q  x  (potential 
difference).  Hence  the  correct  choice  is  (d). 

9.  Refer  to  Fig.  20.41. 

4  q  Q  q 


2 


/ 


Fig.  20.41 

The  net  force  on  q  will  be  zero  if 


<?  (4<?) 
4  n  £0  l1 


+ 


<70 


=  0 


=>  4 q~  +  4qQ  —  0  =>  4 q  (q  +  Q)  —  0 

Hence  0  =  -  q.  The  force  on  charge  4 q  is 


F  = 


4  <70 


4<?2 


4  n  £a 


4n  £0  / 


Putting  Q  =  -q,  we  get 


F  =- 


16<r 


4  q1 


3  q1 


4  ne0l  4n£pl 


o 


n  £0 1 


3  q1 


,  which  is  choice  (c). 


•••  I  F  I  = 

n  £g  l 

10.  Refer  to  Fig.  20.42.  The  three  charges  will  be  in 
equilibrium  if  no  net  force  acts  on  each  charge. 
Charge  q  is  in  equilibrium  because  the  forces  acting 
on  it  by  charge  0  at  A  and  charge  0  at  B  are  equal 
and  opposite.  Charge  Q  at  A  will  be  in  equilibrium  if 
->2 


<70 


0Z 


4tz;£0/2  4n  £0  (2/)2 


=  0 


<7  =  - 


0 


Similarly  charge  Q  at  B  will  be  in  equilibrium  if 
q  =  —  ^  .  Hence  the  correct  choice  is  (d). 


Q 


Fig.  20.42 


11.  If  R  is  the  radius  of  the  big  drop,  we  have 


4nRi 


=  1000  x 


4  k  r 


which  gives  R  =  10  r.  The  electrical  potential  of 
each  droplet  is 


4tt£0  r 

and  that  of  the  big  drop  is 


lOOOg 

47T£0R 


v_ 

V 


lOOOr 

R 


100  (v  R  =  10 r) 


Hence  the  correct  choice  is  (c). 

12.  When  two  identical  metallic  spheres  are  brought  in 
contact,  the  charges  on  them  are  equalized  due  to 
the  flow  of  free  electrons.  Thus  when  an  un-charged 
sphere  C is  brought  in  contact  with  sphered  having 
a  charge  +  q,  and  then  removed,  the  total  charge  q 
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is  equally  shared  between  the  two  so  that  the  charge 
left  on  A  is  +qt 2  and  that  developed  on  C  is  +q!2. 
The  sphere  C  carrying  a  charge  +ql 2  is  now  brought 
in  contact  with  sphere  B  which  is  already  carrying 
a  charge  +q.  The  total  charge  is  q/2  +  q  =  +3q/2 
which  must  distribute  equally  on  B  and  C.  Thus 
when  C  is  removed,  B  will  have  a  charge  of  +3q/4 
and  C  also  has  a  charge  of  +3ql4.  Hence  when  C  is 
removed  from  both  A  and  B, 


New  charge  on  A  =  + 


£ 

2 


New  charge  on  B  -  + 


3q_ 

4 


Since  force  is  proportional  to  the  product  of  the 
charges,  it  follows  that  the  new  force  of  repulsion 
between  A  and  B  is  3/8  of  the  earlier  force  ( F ). 
Hence,  the  new  force  of  repulsion  between  A  and  B 
is  3F/8. 

13.  Refer  to  Fig.  20.43.  Let  us  consider  forces  on  a  ball, 
say,  Q.  Three  forces  act  on  it:  (i)  tension  T  in  the 
thread,  (ii)  force  mg  due  to  gravity  and  (iii)  force  F 
due  to  Coulomb  repulsion  along  +  x-direction.  For 
equilibrium,  the  sum  of  the  x  and  y  components  of 
these  forces  must  be  zero,  i.e. 


B,  -  -La 

4  7T£0  a 

and  is  directed  along  +  x-axis.  The  electric  field  E2 
at  (a,  b )  due  to  q2  has  a  magnitude 

F  =  _i _ CA 

2  4  7T£0  b 2 


and  is  directed  along  +  y-axis.  The  angel  Q 
subtended  by  the  resultant  field  E  with  the  x-axis 
is  given  by 


Fig.  20.44 


tan  0  = 


E 2 

Ex 


<h  a 
<h  b2 


1 

-  X 
2 


=  2 


T  cos  60°  -  F  =  0 
and  T  sin  60°  -  mg  =  0 


Fig.  20.43 

V3 

These  equations  give  F  =  mg  cot  60°  =  - —  x  10 

x  10  x  =  1(T3N.  Now 

V3 


4  7T£0  r 


Putting  F  =  10  3  N,  r  =  0.3  m 

and  — - —  =  9  X  I0J,  we  get  q  =  1 0  7  coulomb. 
4tT£0 

14.  Refer  to  Fig.  20.44.  The  electric  field  Ex  at  ( a ,  b) 
due  to  qx  has  a  magnitude 


Hence  the  correct  choice  is  (b). 

15.  The  correct  choice  is  (d).  The  electric  field  E 
exerts  a  force  qE  on  charge  +  q  and  a  force  —  qE 
on  charge  -  q  of  the  dipole.  Since  these  forces  are 
equal  and  opposite,  they  add  upto  zero. 

16.  The  correct  choice  is  (b).  A  torque  acts  on  the 
dipole  which  tends  to  align  it  along  the  field. 

17.  The  correct  choice  is  (c).  In  a  non-uniform  electric 
field,  a  dipole  experiences  a  force  which  gives  it  a 
translational  motion  and  a  torque  which  gives  it  a 
rotational  motion. 

18.  The  distance  of  a  vertex  from  the  the  centre  of  the 
cube  of  side  b  is  r  =  J?,b/2.  Now  the  potential 
due  to  charge  q  at  the  centre  is  q/4  i re0r.  Hence  the 
potential  due  to  the  arrangement  of  eight  charges 
(each  of  magnitude  q)  at  the  centre  is 

v  =  =  4g 

4neQr  V3^£q/) 

19.  We  know  that  electric  fields  are  to  be  added  vec- 
torially.  From  the  symmetry  of  the  eight  charges 
with  respect  to  the  centre  of  the  cube,  it  is  evident 
the  electric  fields  at  the  centre  due  to  two  opposite 
charges  cancel  in  pairs  (being  equal  and  opposite). 
Hence  the  net  electric  field  at  the  centre  of  the  cube 
will  be  zero. 
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20.  Refer  to  Fig.  20.45.  The  distance  of  point  P x  from 
charge  +  q  is  r3  =  z  —  a  and  from  charge  -  q  is  r2  = 


Potential  at  P l 


4ne, 


V'l 


g  r2  ~  rl 
4neQ  rx  r2 


2  qa 

4ne0(z2  -  a2)’ 
which  is  choice  (c). 

21.  Refer  to  Fig.  20.45  again.  Any  point  on  the  perpen¬ 
dicular  bisector  passing  through  the  centre  of  the 
dipole  is  at  the  same  distance  from  the  two  charges. 
I  lence  the  potentials  at  point  P2(5,  0,  0)  and  at  point 
P3(- 7,  0, 0)  are  zero.  Since  P2  and  P3  are  at  the  same 
potential  (zero),  the  potential  difference  between 
them  is  zero.  Flence  no  work  will  be  done  in  moving 
a  charge  from  P2  to  P3.  The  answer  will  not  change 
if  the  path  of  the  charge  is  changed  because  the  work 
done  is  independent  of  the  path  taken. 


22.  Refer  to  Fig.  20.46.  The  total  potential  energy  of 
the  arrangement  of  charges  is  the  sum  of  the  ener¬ 
gies  of  each  pair  of  charges.  The  potential  energy  of 
the  system  comprising  the  three  charges  qx,  q2  and 
q2  is 


U=  W1  +  w2  +  w3 

1 


4n  £n 


r  ch<h  ,  chch  | 

V  rl2  '13  r23  J 


q3  =  -q 


Flere  qx  =  q2  =  q  =  +  1.6  x  10~19  C  (proton),  q3  = 
-  q  =  -  1.6  x  10~19  C  (electron),  rn  =  1.5  A  =  1.5 
x  10_1°  m,  r13  =  r23  =  1  A  =  1  X  10_1°  m  and 

1/4 7i£0  =  9  x  109  Nm2C  2.  Thus 


U=  - 


4 

3” 

4 

3' 


q2  x  IQ10 
4k£q 

q  X  IQ10 

4n£0 


joule 

eV 


4  x  1.6  x  10~19  x  IQ10  x  9  x  109 
3 

=  -  19.2  eV 

23.  Charge  on  electron  (-  e)  =  -  1.6  x  10~19  C,  charge 
on  proton  (e)  =  1.6  x  10~19  C,  separation  r  = 
0.53  A  =  0.53  x  10~10  m.  If  the  zero  of  potential 
energy  is  taken  to  be  at  infinite  separation,  the 
potential  energy  of  the  electron-proton  system  is 

1  2 

1  e 

U=  - - joule 

47T£0  r 


47 1£0  r 

9  x  109  x  (l.6  x  10-19) 

0.53  xlO“10 
=  -  27.2  eV 

Flence  the  correct  choice  is  (b). 

24.  Points  A,  B  and  C  are  at  the  same  distance  from 
charge  +  q~,  hence  electrical  potential  is  the  same 
at  these  points,  i.e.  there  is  no  potential  difference 
between  A,  B  and  C.  Flence  W1  =  W2  =  0. 

25.  The  electric  potential  at  the  common  centre  is 

V=  q 1  +  q2 

4tc£0i\  4  n  £0  r2 


Now 


a  = 


<h 

4/:r2 


<h 
4  nr2 


cl\  fi  ,  <h  r2 
4  n  r2  4  n  r2 

o  . 

=  —  (''!  +  '2) 

£0 

Flence  the  correct  choice  is  (d). 

26.  If  q  is  charge  on  the  sphere,  the  electric  field  on  its 
surface  is 


4  n£0  r2 


But 


a  = 


q 

4  nr2 


Therefore  q  =  4nr2a. 
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4  nr1  a  a 

Hence  E  =  - -  =  — 

4; T£0r  £0 

Thus  the  correct  choice  is  (a). 

27.  Refer  to  Fig.  20.47.  Forces  exerted  by  charges -g  at 
A  and  B  on  charge  Q  are  Fi  and  F2  which  are  equal 
and  have  a  magnitude 


Fig.  20.47 

The  resultant  of  these  equal  forces  equally  inclined 
with  the  x-axis  is  along  the  negative  x-direction  to¬ 
wards  the  origin.  The  magnitude  of  the  resultant  is 
given  by 

F2r  =  F2  +  F1  +  2  F2  cos  9 
=  2  F2  (1  +  cos  9 ) 

1  2 

Since  F  °c  — ;  Fr  is  also  proportional  to  (1  hr). 
r~ 

Hence  charge  Q  will  move  towards  the  origin  and 
because  of  its  inertia  it  will  overshoot  the  origin  O. 
Thus,  charge  Q  will  oscillate  about  O  but  its  motion 
is  not  simple  harmonic  because  the  force  Fr  is  not 
proportional  to  its  instantaneous  distance  from  the 
origin  as  Fr  °c  Mr  .  Hence  the  correct  choice  is  (d). 

28.  The  electric  field  at  a  distance  r  from  a  point  charge 
Q  is  given  by 

E=  4 

47T£0  r 

If  Q  is  positive,  the  field  is  directed  radially  away 
from  Q.  Refer  to  Fig.  20.48.  Let  PA  =  PB  =  PC  = 
PD  =  r.  Then  the  electric  field  at  P  due  to  charge  2 q 
at  B  is 

1  2  q 

Ex  =  -  —  along  PD 

4  ne0  r2 


Fig.  20.48 

The  electric  field  at  P  due  to  charge  4  q  at  D  is 
1  4a 

E2  =  -  along  PB 

4ne0  r 

1  2  q 

Net  field  along  PB  is  E  =  E2  -  Ex  = -  — 

4^£0  rl 

Similarly,  the  net  electric  field  at  P  due  to  charges 
q  and  3 q  at  A  and  C  will  be 

j  2 

E'  = - -  directed  along  PA. 

4  71  £0  r~ 

Thus  E  =  E\  but  they  are  mutually  perpendicular 
to  each  other,  therefore,  their  resultant  will  be 
along  PQ  (see  Figure)  which  is  parallel  to  CB. 
Hence  the  correct  choice  is  (b) 


29.  Let  the  electric  field  be  E.  The  force  on  charge  q  is 
Fa  =  qE 

Therefore,  its  acceleration  is  aA  = 

m 

Similarly,  the  acceleration  of  charge  4 q  is 
4cJE  , 

aB  =  -  =4  a A 

m 

Let  s  be  the  distance  travelled  by  A  and  B  to 
acquire  speeds  vA  and  vB.  Then  (since  u  =  0) 
x) A  2  ci As  and  xjb  2  ciBs 


or  vA/vB  =  1/2.  Hence  the  correct  choice  is  (b). 

30.  Refer  to  Fig.  20.49. 


AO  =  BO  =  CO  =  DO  =  r  =  4= 

v2 

Since  electric  potential  is  a  scalar  and  since  the 
charges  at  comers  are  equal,  the  magnitude  of  the 
electric  potential  at  point  O  due  to  the  four  charges 
=  4  times  that  due  to  a  single  charge.  Thus 

V=  4  x  — ' —  •  ~ 

4  7T£0  r 
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1  Q  _  HlQ 


7T£0  Cl/yll  7T£0 


+  Q 
A  K“ 


+  Q 
“7  S 


C  k- 
+  Q 


\  / 

\  / 

X*  -  Q 

z'o\ 

/  \ 


Fig.  20.49 


D 
+  Q 


,  'JlQ2 

:.  Work  done  =  Q  V  =  - .  Hence  the  correct 

7T£0  a 

choice  is  (c). 

31.  From  Gauss’s  theorem,  the  electric  flux  Je  •  ds  = 

S 

q  . 

— .  Hence  the  correct  choice  is  (a). 

G) 

32.  When  any  additional  negative  charge  is  given  to  a 
hollow  spherical  shell,  the  potential  on  its  surface 
falls,  but  the  potential  at  each  point  within  the  shell 
also  falls  by  the  same  amount.  Hence  the  poten¬ 
tial  difference  between  the  given  surfaces  remains 
unchanged.  Thus,  the  correct  choice  is  (a). 

33.  Refer  to  Fig.  20.50.  Potential  at  Cj  is 


Vx  = 


1 


4tt£a 


Potential  at  C,  is 


V,= 


4} T£n 


ra  ,  &  A 

R  ' JlR 


Qi  +  Q\ 


Qi 


R  ' JlR 

Q2 


.■.  Work  done 
W=q(V 1  -  V2) 
_  <7 


4n  £n 


7  Qi  +  02  ^ 

( 

_{r  JlR) 

V 

Qi  +  Q\ 


4 ns,  'Hr  (Ql  -  02)  ^  D 


34.  Force  F  =  qE.  Therefore,  acceleration  a  =  cjE/m. 
Hence  the  distance  travelled  by  the  particle  in  time 

s,laf,l{iE\e 

1  1  l  m 


For  electron, 


For  proton, 


1  f 

Se  1 


qE 


,2 

'  1 


S„  =  ~ 
P  1 


V  me  J 
qE 


\mP) 


Given  se  =  sp.  Therefore 


'1 

m„ 


‘2 
m  „ 


f  \  1/2 

'  m.  ' 


or  —  = 

h 


V  "‘e  J 


35.  The  integral  J  —  E  dl  gives  the  potential  at  the 

centre  of  the  ring,  which  is  zero. 

36.  The  electric  field  is  always  perpendicular  to  the 
surface  of  a  conductor.  On  the  surface  of  a  metal¬ 
lic  solid  sphere,  the  electric  field  is  perpendicular 
to  the  surface  and  directed  towards  the  centre  of  the 
sphere.  Hence  the  correct  choice  is  (d). 

1 


37.  V= 


ci  ci  q  .  _  . 

—  + - h - 1- . .  .upto  infinity 

3xn  5xn 


47T£0  [x0 


+  — - —  i  — —  -I - —  -I - —  + ...  upto  infinity  1 

4ne0  [lx0  4x0  6x0  J 


1  <7  l  1  1  1  1  1  +  .  1 

- ^1-  —  +  —  -t - •  ■  upt°  mtinity  > 

5  6  "  J 


4  n  £q  Xq 


2  3  4 

q 


4  TZ  EnXi 


log,  (1  +  1)  = 


oAo 


q  i°gg  (2) 

4  K  £qXq 


38.  The  net  electrostatic  energy  is  ( v  hypotenuse  side 
of  triangle  =  V2  a) 

u=  1  1 qq 

a  'Jla  ci 

For  U  =  0,  we  require 

ei+_2si+2:,0ore+  _e  +9,0 

a  a Jla  a  ^2 


( 


which  gives  Q  =  -  q 


'Jl 


V2 +1 


■  2# 


i+'Ii 


39.  A  dipole  consists  of  two  equal  and  opposite  charg¬ 
es  separated  by  a  certain  distance.  Hence  the  total 
charge  enclosed  in  the  cube  is  zero.  Therefore,  the 
electric  flux  is  zero. 
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40.  The  electric  field  at  a  point  far  away  on  the  perpen¬ 
dicular  bisector  of  a  dipole  is  given  by  (for  r  »  a), 
here  p  is  the  dipole  moment 


4ne0iJ 

Hence  the  correct  choice  is  (d). 

41.  Initial  kinetic  energy  of  the  particle  is  zero.  The 
gain  in  kinetic  energy  in  distance  x  =  decrease  in 
potential  energy  =  work  done  by  the  electric  field 
to  move  the  particle  through  a  distance  x  =  force  x 
distance  =  q  Ex.  Hence  the  correct  choice  is  (c). 

42.  Given  vx  =  10  ms1.  Since  the  electric  field  is 
directed  along  the  y-axis,  the  acceleration  of  the 
body  along  the  y-axis  is 


qE  10“6xl03  _2 

av  =  —  = - ; —  =  1  ms 

;  m  10“3 


Therefore,  the  velocity  of  the  body  along  the  y-axis 
at  time  t  =  1 0  s  is 

v,.=  aj  =  1  x  10  =  10  ms-1 

y  y 

:.  Resultant  velocity  v  =  ,Jv2  +  v2v 

=  V(10)2+(10)2  =  10V2  ms-1 

Hence  the  correct  choice  is  (c). 

43.  Let  q  be  the  magnitude  of  each  charge  and  a 
the  length  of  each  side  of  the  triangle  ABC.  The 
potential  energy  of  the  system  of  two  equal  charges 
placed  at  vertices  A  and  B  is  U  (given).  This  means 
that  U  is  the  work  done  in  bringing  a  charge  q  from 
infinity  to  vertex  B  with  the  charge  q  at  vertex 
A.  Hence  the  work  done  in  bringing  an  identical 
charge  q  from  infinity  to  the  third  vertex  C  =  work 
done  to  overcome  the  force  of  repulsion  of  q  placed 
at  A  placed  at  a  distance  a  from  it  +  work  done  to 
overcome  the  force  of  repulsion  of  q  placed  at  B  at 
the  same  distance  a  from  it  =  U  +  U  =2U,  which 
is  choice  ( b ). 

44.  Given  E  =  — — — —  .  Hence  the  magnitude  of  the 

4^£0.Y" 

electric  intensity  at  a  distance  2x  from  charge  q  is 


E--  - - — T  =  — ‘L-x-  =  — 

4^e0(2x)"  47T£0x"  4  4 

Therefore,  the  force  experienced  by  a  similar  charge 
q  at  a  distance  2x  is 


F=  qE '  =  ^ 

4 

Hence  the  correct  choice  is  (d). 


45.  Charge  q  will  momentarily  come  to  rest  at  a  dis¬ 
tance  r  from  charge  Q  when  all  its  KE  is  converted 
to  PE,  i.e. 

1  2  1  clQ 

—  mv  =  - - 

2  47T£0  r 

Therefore,  the  distance  of  closest  approach  is 
given  by 

L 

4 7T£0  mv2 

Thus  r  -  Hence  if  v  is  doubled,  r  becomes 
v 

one-fourth.  Thus  the  correct  choice  is  (d). 


46.  Let  the  side  of  the  square  be  a.  OA  =  OC  =  r  = 
(see  Fig.  20.51). 


a 

V2 


/.  Stability  of  charge  +  q  at  the  centre 

Charges  -  Q  at  comers  A  and  C  will  attract  charge  +  q 
with  equal  and  opposite  forces.  Similarly  charges  -  Q  at 
comers  B  and  D  will  attract  charge  +  q  with  equal  and 
opposite  force.  Hence  no  net  force  acts  on  charge  -  q. 


2.  Stability  of  charge  -Q  at  any  corner 

Let  us  find  the  forces  on  charge  -  Q  at  corner  A.  This 
charge  will  experience  four  forces: 

(i)  Force  of  repulsion  Fl  due  to  charge  -  Q  at  B 

(ii)  Force  of  repulsion  F2  due  to  charge  -  Q  at  D 

(iii)  Force  of  repulsion  F3  due  to  charge  -  Q  at  C 

(iv)  Force  of  attraction  F'due  to  charge  +  q  at  O. 

Q 2 

Now  Fl  =  F2  =  - - j 

47r£0<7" 


=  Q 2  Q2 

4ne0(2r)2  4ne0(2  a2) 


and 
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and 


F'  = 


i  q(-Q) 


2  qQ 


4n£[i 


r  4n£0a 

The  resultant  of  Fl  and  F2  is  given  by 

V2  Q2 


F  =  'Jf  i2  +  Fi  =  >/2  Fi  = 


4ns0a 


The  forces  F  and  F3  act  along  A P.  Hence  the  net  force 
acting  on  charge  -  Q  at  A  due  to  charges  -  Q  at  B,  C  and 
D  is 


F"=  F  +  Fx 


V2  Q2 


+  - 


Q2  Q2(  1  +  2a/2) 


4n£0a2  4ne0{2a2)  4ne0(2a2) 


For  equilibrium,  F'=  F"  i.e. 

2 qQ  _  Q2(  1  +  2V2) 


4ne0a 


4n£0(2a  ) 


or 


Q 

4 


(1  +  2V2) 


Hence  the  correct  choice  is  (a). 

47.  The  force  of  repulsion  between  the  two  parts  is 
given  by 

1  q(Q-q ) 


F  = 


47T£n 


dF 


For  F  to  be  maximum,  —  =  0,  i.e. 

dq 


1  q{Q-q ) 


4tz£(\ 


=  0 


d_ 

dq 

Since  r  is  fixed,  we  have 

r  [q(Q  -q)]  =  o 

dq 

which  gives  —  =  — 

Q  2 

Hence  the  correct  choice  is  (a). 

48.  F  or  points  on  the  surface  of  the  sphere  or  outside  the 
sphere,  a  charged  sphere  behaves  as  if  the  charge  is 
concentrated  at  its  centre.  Therefore,  the  potential 
at  the  surface  of  the  sphere  is  given  by 

1  Q 


v  = 


4 K£0  R 


which  is  choice  (b). 


49.  At  points  inside  a  charged  metallic  sphere,  i.e.  for  r 
<  R,  the  potential  is  zero.  Hence  the  correct  choice 
is  (a). 

dV  ~ 

50.  E  =  -  —  i  where  i  is  a  unit  vector  along  the 

dx 

positive  x-axis.  Hence  E  at  a  point  whose  x-coordi- 
nate  is  x  =  1  m  is 


E  =  -  (4x2  )i  =  -  8xi  =  -  8i  Vm"1 . 

The  negative  sign  shows  that  E  is  along  the  nega¬ 
tive  x-axis.  Hence  the  correct  choice  is  (a). 

51.  There  will  be  no  loss  of  energy  if  the  potential  of 
the  spheres  is  the  same  i.e.  if 


4  Jt£0r  4  K£qR 


q  Q 

or  —  =  —  .  Hence  the  correct  choice  is  (b). 
r  R 


A  AA  AAA  A  A  A 

52.  r  =  (2  i  +  3  j  +  k)  -  (i  +  j  -  k)  =  (i  +  2  j  +  2k)  m. 
The  magnitude  of  r  is 

r  =  V l2  +  22  +  2?  =  xjl  +  4  +  4  =  3  m 


_J _ <7l  <?2 

47T£0  r2 


_  9  x  109  x  10~6  x  10~6 

(3? 

Hence  the  correct  choice  is  (a). 


1 0  '  N 


53.  The  system  will  be  in  equilibrium  if  the  net  force 
on  charge  q  at  one  vertex  due  to  charges  q  at  the 
other  two  vertices  is  equal  and  opposite  to  the 
force  due  to  charge  Q  at  the  centroid,  i.e.  (here  a  is 
the  side  of  the  triangle) 

V3  q2  Qq 


4  7t£0a2 


which  gives  Q 


q 

—/=  .  Hence  the  correct  choice 
>/3 


is  (b). 

54.  Charge  will  flow  from  A  to  B  until  their  potentials 
become  equal.  If  charge  q  flows  from  A  to  B,  then 


Q-q  =  q 

4n£0a  4n£0b 

a  bQ 

ox  Q  -  q  =  —  q  which  gives  q  =  - .  Hence 

b  a  +b 


charge  left  on  A  =  Q  —  q  =  Q  — 
Hence  the  correct  choice  is  (d). 


bQ 

a  +  b 


aQ 

a  +  b 


55.  Since  all  the  three  charges  are  of  the  same  polarity, 
the  lines  of  force  of  the  electric  field  in  the  region 
around  them  cannot  be  closed.  Hence  choices  (a), 
(b)  and  (d)  are  not  possible.  Notice  that  in  figure 
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(b),  the  line  in  the  middle  is  a  closed  circular  loop. 
Thus,  the  only  correct  choice  is  (c). 

56.  The  capacitance  of  a  parallel  plate  capacitor  is  giv¬ 
en  by  C  =  £0  Aid.  Hence  the  dimensions  of  £0  L  are 
the  same  as  those  of  capacitance. 

.•.  Dimensions  of  £0 L 

At 

dimension  of  C  x  dimensions  of  V 


time 


dimension  of  Q 
time 
charge 


(' :Q  =  CV ) 


=  current 


time 

Hence  the  correct  choice  is  (d). 

57.  Electric  field  is  the  negative  gradient  of  potential,  i.e. 

17  dV 

dx 

Thus  V  decreases  as  dx  increases  in  the  direction 
of  the  field.  This  implies  that  VA  >  VB,  which  is 
choice  (b). 

58.  Potential  energy  of  the  system  when  charge  Q  is  at 
O  is 

TT  _  ciQ  ,qQ  _2qQ 

a  a  a 

When  charge  Q  is  shifted  to  position  O',  the  poten¬ 
tial  energy  will  be  (see  Fig.  20.52). 
q  Q  q 


O  O' 
h-x— H 


(a  +  x) 


-  (a  -x) 


U  = 


Fig.  20.52 

qQ  ,  qQ 


_  _  qQ( 2q) 

(a  +  x)  (a  -  x)  (t72-x2) 

2  qQ 


2qQ 


2  h 

1-^ 

a  j 


-l 


1+- 

a  j 


2  qQ 


1  +  - 
a  j 


AU=  U  -  U0  = 

a 

2 

Hence  A U  «=  jc  which  is  choice  (b). 


('.'  x  «  a) 

2qQ 


59.  Because  the  charge  is  not  located  at  the  centre  of 
the  cavity,  inside  the  cavity  the  lines  of  force  are 
skewed.  Hence  choice  (a)  and  (b)  are  incorrect. 
Outside  the  shell,  the  lines  of  force  are  the  same  as 
if  the  charge  were  located  at  the  centre  of  the  cav¬ 
ity.  Also  there  can  be  no  line  of  force  in  the  metallic 
body  of  the  shell.  Hence  choice  (d)  also  incorrect. 
Thus  the  correct  pattern  is  shown  in  (c). 

60.  The  electric  fields  at  centre  O  due  to  charges  -  q  at 
A  and  D  are  equal  and  opposite.  Hence  they  cancel 
each  other.  Similarly  charges  +  q  at  B  and  E  do  not 
contribute  to  electric  field  at  O.  Due  to  charge  -  q  at 
F,  the  electric  field  at  O  will  be 


E  i  = 


4ne0r 


directed  from  O  to  F 


This  is  the  net  electric  field  at  O  due  to  the  five 
charges  at  A,  B,  D,  E  and  F.  The  electric  field  at  O 
due  to  charge  +  Q  at  C  is  given  by 

Q 


e2  = 


47T£0  r 


directed  from  O  to  F 


For  E[  =  2E2,  we  require 

q  _  20 


47T£0r 


4tt£0  r 


which  gives  Q  =  —  .  Hence  the  correct  choice  is  (b). 

61.  The  electric  flux  is  given  by  the  surface  integral 
| E.ds  .  Here  the  electric  field  E  is  due  to  all  the 
charges,  both  inside  and  outside  the  Gaussian  sur¬ 
face.  Hence  the  correct  choice  is  (c). 

62.  The  electric  field  at  a  point  P  due  to  an  infinite  long 
plane  sheet  carrying  a  uniform  charge  density  (7  is 
given  by 

/•;  — 

2£0 

It  is  independent  of  the  distance  of  point  P  from  the 
sheet  and  is,  therefore,  uniform.  The  direction  of 
the  electric  field  is  away  from  the  sheet  and  perpen¬ 
dicular  to  it  if  <7  is  positive  and  is  towards  the  sheet 
and  perpendicular  to  it  if  <7  is  negative.  Hence 


<7 

2£0 

2(7 

2e. 


Ex  =  —  (-j)  along  -ve  y-direction 


E2  =  (-jj  along  -ve  y  direction 


o 


and 


E,= 


3(7 

2£n 


(-jj  along  -ve  y  direction 
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From  the  superposition  principle,  the  net  electric 
field  at  point  P  is 


E  -  Ex  +  E2  +  E3 


a 

2e0 

3(7 


H)+?f  H)+?fH) 


3cr 


2  £, 


2en 


= - j ,  which  is  choice  (c). 

e0 

63.  Let  the  charge  on  the  sphere  be  0.  Then 

V=  -Q— 

4ne0R 

which  gives  0  =  AkZqRV 
The  electric  field  at  a  distance  r  is 


E  = 


0 


4  nenr 


4  k£qRV 
4  K£r,r2 


RV 

2 


-0' 

Thus  the  correct  choice  is  (c). 

64.  If  charge  0  is  moved  from  C  to  D  along  the  arc, 
the  potential  energy  between  pairs  (qh  0 )  and  (ql, 
q2 )  will  not  change  as  the  distance  between  them 
remains  unchanged  (v  AC  =  AD).  The  potential 
energy  of  the  pair  of  chages  q2  and  0  will  change. 

Now,  distance  BC  =  \l(8)2  +  (6)2  =  1 0  cm  and  BD 
=  8  —  6  =  2  cm.  Therefore,  change  in  P.E.  is 


A  U  = 


R2Q 


4u£q  L  BD 


1 


1 

BC. 


=  (2  x  10~6)  x  (5  x  1(T6)  x  (9  x  10~9) 


1 


0.02 


or 


=  3.6  J,  which  is  choice  (b). 

65.  If  the  middle  charge  is  displaced  by  a  distance  x,  the 
net  force  acting  it,  when  it  is  released,  is 


F  = 


,2,2 

1  q  1  q 

-X - - - - - X- 


47T£0  (L  +  x)  4k£0  (L-x) 

4  q2  Lx 


4 ne0(L2  -x2)2 


For  x«L,F  = 


where  k  = 


2 

q  x 
ne0L2 


=  —  kx 


K£qL 


Now  T=2nJ— 
k 

So,  the  correct  choice  is  (c). 

66.  As  shown  in  Fig.  20.53,  all  forces  cancel  in  pairs, 
except  the  forces  F  on  charge  -  q  due  to  charge  +  q 
at  vertex  D  (i.e.  the  vertex  opposite  to  the  empty 
vertex).  The  magnitude  of  the  net  force  on  -  q  is 


F  = 


q  X  q 


4 K£0  ( OD )2  4n£0  i} 


67.  Initial  charge  on  sphere  of  radius  R  is  Qx  =  4nR~o 
and  on  sphere  of  radius  2 R  is  Q2  =  4t^2R)2o 
=  1  6tt R2  a 

Total  initial  charge  is  Q  =  Q\  +  Q2  =  20 nR2  o 
Initial  potential  of  the  sphere  of  radius  R  is 

a 


Vx  = 


4  k£0R 


and  of  the  sphere  of  radius  2 R  is 
02 


^2  = 


4n£0{2R) 


When  the  spheres  are  connected  by  a  thin  wire, 
charge  will  flow  from  one  sphere  to  the  other  until 
their  potentials  become  equal.  Let  Q\  and  Q'2  be 
the  new  charges,  then  the  potential  of  each  sphere 
will  be 

v=  Q'  i  =  02 

4 ke0  R  4 ke0  (2 R) 

O' 

which  gives  Q\  = 

From  conservation  of  charge,  we  have 
01+02=01  +  02 

2  „  _  0'2  ^  _  30% 


■  20^:  R2-  a  =  —  +  0%  = 

2  2 


=>  0%  =  ^  n  R2  o 

.’.  New  surface  charge  density  on  the  sphere  of 
radius  2 R  is 

40  n, 

n/  — kR~o  - 

0  2  =  J _  = 

6 


a  = 


4k{2RY  16  tcR- 

68.  Let  O  be  the  centre  of  the  sphere  and  0  be  the  cen¬ 
tre  of  the  cavity.  Let  r  be  the  separation  between 
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them.  Let  OP  =  b  and  QP  =  a.  Here  P  is  a  point 
inside  the  cavity.  Let  p  be  the  charge  density.  From 
the  superposition  principle,  the  net  electric  field  at 
point/’  is  given  by  [See  Fig.  20.54] 

E  =  -P— b — —a  =  b  —  a ) 

3£q  3£q  3e0 


outer  surface,  so  that  the  total  charge  on  the  outer 
surface  of  shell  2  is  (Qx  +  Q2).  This  charge  induces 
a  charge  -  (Qx  +  02)  on  the  inner  surface  of  shell 
3  and  a  charge  +  (Qx  +  (Q2)  on  its  outer  surface  so 
that  the  total  charge  on  the  outer  surface  of  shell 
3  is  (Qx  +  Q2  +  Q2)  as  shown  in  Fig.  20.56.  Given 
ox  =  a2  = 


V-  (• :r  +  a  =  b ) 

3e0 


Hence  the  electric  field  at  any  point  inside  the  emp¬ 
tied  space  is  finite  and  constant.  Thus  the  correct 
choice  is  (b). 

69.  The  two  charges  constitute  an  electric  dipole. 
The  points  (-  a,  0,  0)  and  (0,  a,  0)  are  at  the  same 
distance  from  the  positive  and  negative  charges  of 
equal  magnitude.  Hence  the  electric  potential  is 
zero  at  these  points.  Hence  the  work  done  is  zero. 

70.  When  a  charge  density  is  given  to  the  inner  cylinder, 
an  electric  fields  is  produced  between  the  inner  and 
outer  cylinders.  Hence  a  potential  difference  ap¬ 
pears  between  the  two  cylinders.  If  a  charge  density 
is  given  to  the  outer  cylinder,  the  same  potential  ap¬ 
pears  on  the  inner  and  the  outer  cylinders.  Hence, 
in  this  case,  there  is  no  potential  difference  between 
them.  Thus  the  correct  choice  is  (a). 

71.  When  a  positive  charge  +  Q  is  placed  outside  a 
neutral  conducting  sphere,  it  will  induce  a  negative 
charge  -  Q  on  the  side  of  the  sphere  closer  to  it  and 
an  equal  positive  charge  +  Q  on  the  opposite  side  of 
the  sphere.  Thus  the  net  charge  on  the  sphere  will 
be  zero,  which  is  choice  (d).  [see  Fig.  20.55] 

Solid  conducting 
sphere 

+Q 

Fig.  20.55 

72.  Charge  Qx  on  shell  1  induces  a  charge  -  Qx  on  the 
inner  surface  of  shell  2  and  a  charge  +  Qx  on  its 


Q\  _  ( Qi+Qi )  =  (8i  +Qi  +Qi) 

4  ne0R2  4ne0(2R)2  4ne0(3R)2 


(Qi  +  Qi +  Q3) 


Fig.  20.56 


Solving  we  get  Qx  =  3Q2  =  5 Q3.  Hence  the  correct 
choice  is  (b). 

73.  Electric  flux  through  the  cubical  surface  =  —  where 

£0 


q  is  the  net  charge  enclosed  in  the  surface.  Since 
half  the  disc  lies  inside  the  surface,  one-fourth  of 
the  rod  lies  inside  the  surface,  point  charge  -1C  lies 
inside  the  surface  and  point  charge  3C  lies  outside 
the  surface,  the  net  charge  enclosed  in  the  surface  is 


<7  = 


6C  8C 
2  +  4 


-  7C  +  0 


=  3C  +  2C  -  7C  =  -  2C 


Electric  flux  = - .  So  the  correct  choice  is  (a). 

£0 

74.  Refer  to  Fig.  20.57. 


Electric  flux  0  =  E  ■  A 


_  AAA 

Area  vector  A  =  a  j  x  (a  i  +  ak) 


Electrostatic  Field  and  Potential  20.29 


(j)=  E0  i  ■  [a  j  X  (a  i  +  ak)] 

A  A  ~ A 

=  E0  i  [-a"  k  +  a2  i] 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Choose  the  correct  statements  from  the  following. 

(a)  If  the  electric  field  is  zero  at  a  point,  the  electric 
potential  must  also  be  zero  at  that  point. 

(b)  If  electric  potential  is  constant  in  a  given 
region  of  space,  the  electric  field  must  be 
zero  in  that  region. 

(c)  Two  different  equipotential  surfaces  can  never 
intersect. 

(d)  Electrons  move  from  a  region  of  lower 
potential  to  a  region  of  higher  potential. 

2.  Figures  20.58  (a)  and  (b)  show  the  lines  of  force 
of  the  electric  field  of  a  positive  charge  (+  q)  and  a 
negative  charge  (-  q )  respectively. 

Which  of  the  following  statements  are  correct? 

(a)  Potential  at  P  is  greater  than  that  at  Q. 

(b)  Potential  at  A  is  greater  than  that  at  B. 

(c)  Potential  energy  at  P  is  less  than  that  at  Q. 

(d)  Potential  energy  at  A  is  greater  than  that  at  B. 


Fig.  20.58 

3.  The  lines  of  force  of  the  electric  field  of  a  posi¬ 
tive  charge  (+  q)  and  a  negative  charge  (-  q)  are 
shown  in  Figs.  20.36  (a)  and  (b)  above.  Then 

(a)  the  work  done  in  moving  a  small  positive 
charge  (+  q0 )  from  Q  to  P  will  be  positive 

(b)  the  work  done  in  moving  a  small  negative 
charge  (-  q0 )  from  B  to  A  will  be  positive 

(c)  in  going  from  Q  to  P,  the  kinetic  energy  of 
a  small  negative  charge  (—  q0)  increases 

(d)  in  going  from  B  to  A,  the  kinetic  energy  of 
a  small  negative  charge  (-  q0)  decreases 


4.  Which  of  the  following  statements  are  correct? 

(a)  The  work  done  by  the  electric  field  of  a 
nucleus  in  moving  an  electron  around  it  in  a 
complete  orbit  is  zero  irrespective  of  whether 
the  orbit  is  circular  or  elliptical. 

(b)  The  equipotential  surfaces  corresponding  to 
the  electric  field  of  an  isolated  point  charge 
are  concentric  spheres  with  the  point  charge 
as  the  common  centre. 

(c)  If  Coulomb’s  law  involved  1/r3  dependence 
instead  of  1/r2,  Gauss’s  law  would  still  hold 
good. 

(d)  A  single  conductor  cannot  have  any  capaci¬ 
tance. 

5.  A  pendulum  bob  of  mass  m  carrying  a  charge  q  is 
at  rest  with  its  string  making  an  angle  6  with  the 
vertical  in  a  uniform  horizontal  electric  field  E.  The 
tension  in  the  string  is 


(a) 

mg 

sin0 

(b) 

mg 

cos  6 

(c) 

qE 

sin0 

(d) 

qE 

cos  6 

6.  Four  point  charges  +  q,  +  q,-  q  and  -  q  are  placed 
respectively  at  comers  A,  B,  C,  and  D  of  a  square. 
Then 

(a)  the  potential  at  the  centre  O  of  the  square  is 
zero. 

(b)  the  electric  field  at  the  centre  O  of  the  square 
is  zero. 

(c)  If  E  is  the  mid-point  of  side  BC,  the  work 
done  in  carrying  an  electron  from  O  to  E  is 
zero. 

(d)  If  F  is  the  mid-point  of  side  CD,  the  work 
done  in  carrying  an  electron  from  O  to  F  is 
zero. 

7.  Six  charges,  each  equal  to  +  q,  are  placed  at  the 
corners  of  a  regular  hexagon  of  side  a.  The  electric 
potential  at  the  point  where  the  diagonals  intersect 
is  V  and  the  electric  field  at  that  point  is  E.  Then 
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(a)  V  =  0 

(b)  V  = 

6  q 

4ne0a 

(c)  E  =  0 

(d)  E  = 

6  q 

Ane^a2 

8.  Two  parallel  plane  sheets  1 
and  2  carry  uniform  charge 
densities  +<J  and  —c  as  shown 
in  Fig.  20.59.  The  electric 
fields  in  the  regions  marked 
I,  II  and  III  are  Ex,  E2  and  E2 
respectively 

(a)  Ex  =  0 

(b)  E2=  - 

£o 

(c)  T,  =  0 

(d)  EX=E,=  — 

£q 


+  a  -a 


II 


III 


Sheet  Sheet 

1  2 

Fig.  20.59 


9.  Electric  potential  V 
due  to  a  spherically 
symmetric  charge 
system  varies  with 
distance  r  as  shown 
in  Fig.  20.60 

Given  V=  — — — 
for  r  <  r0  ^n£oro 


Fig.  20.60 


and  V  =  — — —  for  r  >  r0 
4  7t£0r 

Which  of  the  following  statements  are  true? 

(a)  Electric  field  due  to  the  charge  system  is 
discontinuous  at  r  =  r0 

(b)  The  net  charge  enclosed  in  a  sphere  of  radius 
r  =  2r0  is  Q. 


(c)  No  charge  exists  at  any  point  in  a  spherical 
region  of  radius  r  <  r0. 

(d)  Electrostatic  energy  inside  the  sphere  of 
radius  r  =  r0  is  zero. 


10.  A  sphere  of  radius 
R  is  made  of  a  non¬ 
conducting  material 
and  carries  a  positive 
charge  Q.  Figure  20.61 
shows  the  variation  of 
electric  field  E  with 
distance  r  from  the 
centre  of  the  sphere. 


<  IIT,  2006 


Fig.  20.61 


Form  the  graph  we  conclude  that 

(a)  the  electric  field  is  always  perpendicular  to 
the  surface  of  the  sphere. 

(b)  for  r  >  R,  the  entire  charge  Q  may  be 
assumed  to  be  concentrated  at  the  centre  of 
the  sphere. 

(c)  the  electric  potential  is  maximum  at  centre 
of  the  sphere. 

(d)  the  electric  potential  is  zero  at  centre  of  the 
sphere. 

11.  A  sphere  of  raduis  R  is  made  of  a  conducting 
material  and  carries  a  charge  Q.  Choose  the  correct 
statements  from  the  following. 

(a)  Charge  Q  resides  on  the  surface  of  the  sphere. 

(b)  The  electric  field  is  always  perpendicular  to 
the  surface  of  the  sphere. 

(c)  The  electric  field  is  zero  inside  the  sphere. 

(d)  No  work  is  needed  to  move  a  charge  from  one 
point  to  another  on  the  surface  of  the  sphere. 

12.  A  proton  and  an  electron  are  placed  in  a  uniform 
electric  field.  The  magnitudes  of  the  force  experi¬ 
enced  by  proton  and  electron  are  Fp  and  Fe  and  ap 
and  ae  are  the  respective  magnitudes  of  their  accel¬ 
erations.  Then 

(a)  C.  >  FP  (b)  =  Fp 

(c)  ae  >  ap  (d)  ae  <  ap 

13.  A  metal  ring  of  radius  R  carries  a  charge  Q  distrib¬ 
uted  uniformly  on  it.  A  point  P  lies  on  the  axis  of 
the  ring  at  a  distance  r  from  its  center.  Then 

(a)  The  potential  at  the  centre  of  the  ring  is  zero. 

(b)  The  electric  field  at  the  centre  of  the  ring 
zero 

(c)  For  r  »  R,  the  potential  varies  as  Hr. 

(d)  For  r  »  R,  the  electric  field  varies  as  Hr1. 

14.  An  infinitely  long  straight  wire  is  uniformly  char¬ 
ged.  A  point  P  lies  at  a  perpendicular  distance  r 
from  it .  Then 

(a)  the  electric  field  varies  as  Hr. 

(b)  the  electric  field  varies  as  Hr". 

(c)  the  electric  field  lines  are  parallel  and  equid¬ 
istant  straight  lines  prependicular  to  the  wire. 

(d)  the  electric  field  is  perpendicular  to  the  wire. 

15.  An  infine  plane  sheet  is  uniformly  charged.  A  point 
P  lises  at  a  perpendicular  distance  r  from  it.  Then 

(a)  the  electric  field  varies  as  Hr. 

(b)  the  electric  field  varies  as  Hr" . 

(c)  the  electric  field  lines  are  parallel  and  equi 
distant  straight  lines  prependicular  to  the 
plane  sheet 

(d)  the  electric  field  is  perpendicular  to  the 
sheet. 
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16.  In  Gauss’s  theorem  d)E-ds  =  — .  The  surface 

;  £o 

integral  is  evaluated  by  choosing  a  closed  surface 
called  the  Gaussian  surface.  Here 

(a)  the  closed  surface  can  be  of  any  shape  or  size. 

(b)  q  is  the  net  charge  enclosed  inside  the  Gauss¬ 
ian  surface;  charges  outside  the  surface  are 
not  considered. 

(c)  E  is  the  electric  field  due  to  all  the  charges 
both  inside  and  outside  the  surface. 

(d)  The  exact  location  of  the  charges  inside  the 
surface  does  not  affect  the  value  of  the  integral. 

17.  Two  equal  point  charges  q  each  are  held  at  x  =  +  a 
and  x  =  -  a.  A  third  charge  Q  is  placed  at  x  =  0.  The 
potential  of  the  system  will 

(a)  decrease  if  Q  is  displaced  by  a  small  distance 
along  the  x-axis 

(b)  increase  if  Q  is  displaced  by  a  small  distance 
along  the  x-axis 

(c)  decrease  if  Q  is  displaced  by  a  small  distance 
along  the  y-axis 

(d)  increase  if  Q  is  displaced  by  a  small  distance 
along  the  y-axis 

18.  The  electric  potential  at  a  point  P  at  a  distance  x 
from  a  point  charge  is  given  by 


r 


where  A:  is  a  constant. 

(a)  k  is  dimensionsless 

(b)  the  dimensions  of  k  are  [ML  ’T  3 A  [] 

k 

(c)  Electric  field  at  P  =  — . 

r 

(d)  Electric  field  at  P  =  kr2. 

19.  Two  point  charges  qx=  4pG  and  q2  =  l[iC  are 
placed  at  x  =  0  and  x  =  15  cm  on  the  x-axis. 

(a)  Electric  potential  is  zero  at  x  =  3  cm. 

(b)  Electric  potential  is  zero  at  x  =  12  cm. 

(c)  Electric  field  cannot  be  zero  between  x  =  0 
and  x  =  15  cm. 

(d)  Electric  field  is  zero  at  x  =  ±  30cm. 

20.  Choose  the  correct  statement(s)  from  the  following. 

(a)  The  electric  potential  due  to  a  point  charge 
at  a  distance  r  from  it  varies  as  1/r 

(b)  Electric  potential  at  a  distance  r  from  the  cen¬ 
tre  of  a  charged  sphere  varies  as  1/r  provided 
r  is  less  than  the  radius  of  the  sphere 

(c)  Electric  field  at  a  distance  r  from  a  point 
charge  varies  as  1/r2 

(d)  Electric  field  inside  a  charged  sphere  is  zero. 

<  IIT,  1980 


21.  Two  small  balls,  each  having  a  charge  +  Q  are  sus¬ 
pended  by  two  insulating  strings  each  of  length  L 
from  a  hook  fixed  to  a  stand.  The  whole  set  up  is 
taken  in  a  satellite  orbiting  the  earth.  In  the  satellite 
the  angle  between  the  strings  is  0and  the  tension  in 
each  string  is  T.  Then 

(a)  0=  zero  (b)  9  =  180° 


(c)  T  = 


Q 2 

167 T£qL2 


(d)  T  = 


Q2 

4n  e0L2 


<  IIT,  1986 

22.  A  positively  charged  thin  metal  ring  of  radius  R  is 
fixed  in  the  x-y  plane  with  its  centre  at  origin  O.  A 
negatively  charged  particle  P  is  released  from  rest 
at  the  point  (0,  0,  z)  where  z  >  0.  Then  the  motion 
of  P  is 

(a)  periodic  for  all  values  of  z  satisfying 
0  <  z  <  °o 

(b)  simple  harmonic  for  all  values  of  z  satisfying 
0  <  Z  <  oo 

(c)  approximately  simple  harmonic  provided 
z  «  R. 

(d)  such  that  it  crosses  O  and  continues  to  move 
along  the  negative  z-axis  towards  z  =  -  ° °. 

<  IIT,  1998 

23.  A  non-conducting  solid  sphere  of  radius  R  is 
uniformly  charged.  The  magnitude  of  the  electric 
field  due  to  the  sphere  at  a  distance  r  from  its  centre 

(a)  increases  as  r  increases  for  r  <  R 

(b)  decreases  as  r  increases  for  0  <  r  <  °° 

(c)  decreases  as  r  increases  for  R  <  r  <  °° 

(d)  is  discontinuous  at  r  =  R. 

<  IIT,  1998 

24.  An  ellipsoidal  cavity  is  made  within  a  perfect  con¬ 
ductor.  A  positive  charge  q  is  placed  in  the  cavity 
and  A  and  B  are  two  points  on  the  surface  of  the 
cavity  as  shown  in  Fig.  20.62.  Then 


Fig.  20.62 

(a)  Electric  field  near  A  in  the  cavity  =  electric 
field  near  B  in  the  cavity. 

(b)  Charge  density  at  A  =  charge  density  at  B 

(c)  Potential  at  A  =  potential  at  B 
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(d)  Total  electric  flux  through  the  surface  of  the 
q 

cavity  is  — . 

eo 

<  IIT,  1999 

25.  A  positive  charge  q  is  fixed  at  the  origin.  An  electric 
dipole  with  dipole  moment  p  is  placed  along  the 
x-axis  far  away  from  the  origin  with  p  pointing 
along  the  positive  x-axis.  The  kinetic  energy  when 
it  reaches  a  distance  x  from  the  origin  is  K  and  the 
magnitude  of  the  force  experienced  by  charge  q  at 
this  moment  is  F.  Then 

(a)  K  varies  as  1  /x  (b)  AT  varies  as  1/x 

(c)  F  varies  as  1/x2  (d)  F  varies  as  1/x3 

<  IIT,  2003 

26.  Electric  potential  V  due  to  a  spherically  symmetric 
charge  system  varies  with  distance  r  as  shown  in 
Fig.  20.63. 

Given  V  =  — — —  for  r  <  r0 
4ne0r0 

and  V  =  — — —  for  r  >  r0 
4? T£0r 

Which  of  the  following  statements  are  true? 


Fig.  20.63 

(a)  Electric  field  due  to  the  charge  system  is 
discontinuous  at  r  =  r0 

(b)  The  net  charge  enclosed  in  a  sphere  of  radius 
r  =  2 r0  is  Q. 

(c)  No  charge  exists  at  any  point  in  a  spherical 
region  of  radius  r  <  r0. 


ANSWERS  AND  SOLUTIONS 

1.  Statement  (a)  is  incorrect.  If  electric  field  is  zero  at 
a  point,  electric  potential  is  not  necessarily  zero  at 
that  point.  For  example,  the  electric  field  is  zero  at  a 
point  exactly  mid-way  between  two  equal  charges  of 
the  same  sign,  but  the  potential  at  this  point  is  twice 
that  due  to  a  single  charge.  Statement  (b)  is  correct 
because  E  =  -  VV.  If  Fis  constant  V V=  0.  Hence  E 
=  0  in  that  region.  Statement  (c)  is  also  correct.  The 
electric  field  at  a  point  on  an  equipotential  surface 


(d)  Electrostatic  energy  inside  the  sphere  of 
radius  r  =  r0  is  zero. 

<  IIT,  2005 

27.  Under  the  influence  of  the  Coulomb  field  of  charge 
+Q,  a  charge  —q  is  moving  around  it  in  an  elliptical 
orbit.  Find  out  the  correct  statement(s). 

(a)  The  angular  momentum  of  the  charge  -  q  is 
constant 

(b)  The  linear  momentum  of  the  charge  -  q  is 
constant 

(c)  The  angular  velocity  of  the  charge  -  q  is 
constant 

(d)  The  linear  speed  of  the  charge  -  q  is  con¬ 
stant 

<  IIT,  2009 

28.  A  spherical  metal  shell  A  of  radius  RA  and  a  solid 
metal  sphere  B  of  radius  R  H  (<  RA)  are  kept  far  apart 
and  each  is  given  charge  ‘+Q’.  Now  they  are  con¬ 
nected  by  a  thin  metal  wire.  Then 

(a)  £Ainside  =  0 

(b)  Qa  >  Qb 


77  on  surface  x  77  on  surface 

W  hA  < 

<  IIT,  2011 

29.  Which  of  the  following  statement(s)  is/are  correct? 

(a)  If  the  electric  field  due  to  a  point  charge 
varies  as  F2'5  instead  of  r  2,  then  the  Gauss 
law  will  still  be  valid. 

(b)  The  Guass  law  can  be  used  to  calculate  the 
field  distribution  around  an  electric  dipole 

(c)  If  the  electric  field  between  two  point  charges 
is  zero  somewhere,  then  the  sign  of  the  two 
charges  is  the  same. 

(d)  The  work  done  by  the  external  force  in 
moving  a  unit  positive  charge  from  point  A 
at  potential  VA  to  point  B  at  potential  VB  is 

(vb-va). 

<  IIT,  2011 


is  normal  to  the  surface  at  that  point.  If  two  differ¬ 
ent  equipotential  surfaces  intersect,  there  would  be 
two  directions  for  the  normals  to  the  two  surfaces 
at  the  point  of  intersection.  Hence  there  will  be  two 
directions  of  the  electric  field  at  that  point,  which  is 
not  possible.  Statement  (d)  is  correct.  Since  electron 
has  a  negative  charge,  it  has  less  potential  energy  at 
a  point  where  the  potential  is  higher  and  vice  versa. 
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Hence,  in  an  electric  field,  electrons  will  move  from 
the  region  of  lower  potential  to  the  region  of  higher 
potential. 

2.  The  potential  at  a  point  in  the  electric  field  of  a 
charge  +  q  is  given  by 


V  = 


1  q 


4k£q  r 

where  r  is  the  distance  of  that  point  from  the  charge. 
Referring  to  Fig.  20.35  (a),  the  potentials  at  points 
P  and  Q  are 


Vp 


i  q 

4 7T £0  OP 


and  Vq 


_ 1 _ _q_ 

4k£0  OQ 


since  OP  <  OQ,  VP  >  Vq.  Hence  statement  (a)  is 
correct. 


The  potential  at  a  point  in  the  electric  field  of  a 
charge  -  q  is  given  by 

v  = - —  £ 

4 7t£0  r 

Referring  to  Fig.  20.35(b),  the  potentials  at  points 
A  and  B  are 

j,  l  q  la 

VA  =  -  - - —  and  VR  =  - 


4 k£q  OA 


4 ke0  OB 


Since  OA  <  OB,  the  potential  at  A  is  more  negative  than 
at  B,  i.e.  VB  >  VA.  Hence  statement  (b)  is  in-correct. 

We  know  that  the  potential  energy  of  a  charge  q2 
in  the  field  of  a  charge  qx  at  a  distance  r  from  it  is 
given  by 

u=  _J _ Ml 

4keq  r 


Referring  to  Fig.  20.21(a)  the  potential  energy  of  a 
small  negative  charge  (-  q0 )  in  the  field  of  a  posi¬ 
tive  charge  (+  q)  at  points  P  and  0  is  (setting  ql  = 
q  and  q2  =  -  q0) 


UP=~ 


_J_  q%_ 

4n£0  OP 


and  Uq 


i  qq  o 
4k£0  OQ 


Since  OP  <  OQ,  it  is  clear  that  UQ  >  UP.  Hence 
statement  (c)  is  correct. 

Referring  to  Fig.  20.21(b),  the  potential  energy  of  a 
small  negative  charge  (-  q0)  in  the  field  of  a  nega¬ 
tive  charge  (-  q)  at  points  A  and  B  is  (setting  q]  = 

-  a  and  q2  =  ~  q0) 


UA  = 


qq  o 


4tt£0  OA 


and  UB  = 


1  qq0 


4k£0  OB 


Since  OA  <  OB,  UA  >  UB.  Hence  statement  (d)  is 
correct. 


3.  The  small  positive  charge  (+  q0)  will  tend  to  move 
from  P  to  O  due  to  the  force  of  repulsion  exerted 
on  it  by  the  charge  (+  q).  Thus  the  electric  field  of 
charge  (+  q)  does  positive  work  on  charge  q0  to 
move  it  from  P  to  Q.  Hence  the  work  done  by  the 
field  of  charge  (+  q)  in  moving  the  charge  (+  q0) 
from  QtoP  will  be  negative.  Hence  statement  (a) 
is  incorrect. 

The  work  done  by  the  external  agency  to  move  a 
negative  charge  (-  q0)  from  B  to  A  is  positive,  since 
the  external  agency  has  to  overcome  the  force  of 
repulsion  exerted  by  the  negative  charge  (-  q)  on 
the  small  negative  charge  (—  q0 ).  Hence  statement 

(b)  is  correct. 

In  going  from  Q  to  P,  a  small  negative  charge  is 
speeded  up  due  to  the  force  of  attraction  exerted 
on  it  by  the  positive  charge  (+  q).  Hence  statement 

(c)  is  correct. 

In  going  from  B  to  A,  the  small  negative  charge 
(-  q0 )  is  slowed  down  due  to  the  force  of  repulsion 
exerted  on  it  by  the  negative  charge  (-  q).  Hence 
the  kinetic  energy  of  the  small  negative  charge  de¬ 
creases.  Hence  statement  (d)  is  correct. 

4.  The  work  done  by  an  electric  field  E  in  moving 
a  charge  (-  q)  around  a  closed  path  of  any  shape 
(circular  or  elliptical)  is  given  by 

W=q  (J)E  dl 

Now,  we  know  that  the  line  integral  of  an  electro¬ 
static  field  around  a  closed  path  is  zero,  i.e. 

(Jj E  dl  =  0 

Hence  the  work  done  W  =  0  irrespective  of 
whether  the  path  is  circular  or  elliptical.  Hence 
statement  (a)  is  correct. 

We  know  that  the  potential  at  points  equidistant 
from  a  point  charge  is  the  same.  Hence,  the  equi- 
potential  surfaces  of  the  electric  field  of  a  point 
charge  are  concentric  spheres  with  the  point 
charge  as  the  common  centre.  Hence  statement  (b) 
is  correct. 

The  derivation  of  Gauss’s  law  assumes  Mr2  depen¬ 
dence  of  distance  between  charges  in  Coulomb’s 
law.  Gauss’s  law  will  not  hold  if  Coulomb's  law 
involved  1/r3  or  any  other  power  of  the  distance  r. 
Hence  statement  (c)  is  incorrect. 

A  single  conductor  can  have  capacitance.  It  is  a  ca¬ 
pacitor  whose  one  plate  is  at  infinity.  For  example, 
a  single  spherical  conductor  of  radius  r  has  a  capaci¬ 
tance  C  =  4n£0r.  Hence  statement  (d)  is  incorrect. 
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5.  Refer  to  Fig.  20.64.  Since  the  bob  is  in  equilibrium 
the  forces  acting  on  it  are  as  shown  in  the  figure. 
For  equilibrium,  we  have 
mg  =  T  cos  0 
and  qE  =  T  sin  6 


Thus 


T  =  mg  _  qE 


cos#  sin0 


Flence  the  correct  choices  are  (c)  and  (b). 


///////////// 


'\ 

e  \ 


T  sin  6 


T  cos  6 


\  e 


qE 


mg 

Fig.  20.64 

6.  Refer  to  Fig.  20.65.  Potential  at  O  is 

V0  = 


1 


4ks, 


0 


i+i-i-i | =0 


■  q 


Fig.  20.65 

Refer  to  Fig.  20.65  again.  (AE)~  =  az  +  \  ~— 


5  a2  .  .  ,  „  yjla 


=  — ,  giving  AE  = 


VE  = 


.  Similarly  DE  = 


4~5a 


,CE  = 

a  ... 

—  .  Potential  at  E  is 

2 

1 

r  q  q  q 

q  ^ 

4^£0 

kAE  BE  DE 

CE  ) 

=  0 


Work  done  in  carrying  a  charge  —  e  from  O  to  E  is 

w  =-e(vE-v0) 

=  -  e  (0  -  0)  =  0 

Potential  at  F  is 


VF  = 


1  ; 

f  q 

q 

47t£0  1 

[af 

BF 

DF 

CF  J 

Now,  AF  =  BF  =  V5  a/2  and  CF  =  DF  =  a/2. 
Putting  these  values,  we  get 


Vf  = 


7T£0a 


V5  1 


Work  done  in  carrying  a  charge  —e  from  O  to  F  is 
W  =  _  e  (Vf  _  F0)  =  -  eV p 


qe 

7t£0a 


Flence  the  correct  choice  is  (a)  and  (c). 

7.  The  distance  of  the  point  of  intersection  of 
diagonals  =  side  of  the  hexagon  =  a.  The  potential 

at  this  point  due  to  each  charge  = 


.  There- 


4  7T£0  a 

fore,  total  potential  =  — - —  — 

47T£0  a 

The  net  electric  field  at  the  point  of  intersection  of 
diagonals  is  zero  because  the  electric  field  at  this 
point  due  to  equal  charges  at  opposite  comers  will 
cancel  each  other  in  pairs. 

So  the  correct  choices  are  (b)  and  (c). 

8.  Refer  to  Fig.  20.66.  Since  the  charge  on  sheet  1  is 
positive,  it  produces  a  field  of  magnitude 
E  =  o72£0  which  points  away  from  it;  to  the  left  in 
region  I  and  to  the  right  in  regions  II  and  III.  Sheet 
2  produces  a  field  of  magnitude  E  =  o  /2e0.  Since 
the  charge  of  sheet  2  is  negative,  the  direction  E  is 
towards  it;  i.e.  to  the  right  in  regions  I  and  II  and  to 
the  left  in  region  III. 

<7-|  =  <7  O2  =  —  <T 

E  -  + 

+ 

+ 

I  + 

+ 

+ 

+ 

+ 


III 


-E’ 


E' 

1  2 

Fig.  20.66 


Region  I  :  El  =  E  -  E'  =  -  — - ^=0 

2  £0  2  £0 

Region  II  :  E2=  E  +  E'  =  =  — 

2  £0  2  £0  £0 

directed  to  the  right. 

Region  III  :  E3  =  E  -  E'  =  0. 

Thus  the  correct  choices  are  (a);  (b)  and  (c). 
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9.  Electric  field  in  the  region  r  >  r0  is  given  by 


E  ~  ^  -  d  f 

dr  dr 


Q 


4  K£0r  j 


Q 

4  7T£0r2 


For  r  <  r0,  E  =  - 


d  f  Q  ' 
dr  i,  4ne{)r{)  , 


=  0 


( r0  =  constant) 
Hence,  the  electric  field  is  discontinuous  at  r  =  r0. 
Therefore,  statement  (a)  is  true. 

For  r  <  r0,  E  =  0.  Hence  the  charge  resides  only  on 
the  spherical  surface  of  radius  r  =  r0.  No  charge 
exists  in  the  region  for  which  r  <  r0.  Therefore, 
statement  (c)  is  also  true.  Electric  energy  density  is 
given  by 

u  =  —  £n  E2 
2  0 


Since  for  r  <  r0,  E  =  0;  u  =  0  for  r  <  r0.  Hence  state¬ 
ment  (d)  is  true. 

Let  Q'  be  the  net  charge  enclosed  inside  the  spheri¬ 
cal  surface  of  radius  r  =  2 r0.  Then  from  Gauss’s 
theorem,  we  have 

Je</s  =  ~ 

£o 


or 


E  x  4 nr2 


9L 

£0 


Q  Q' 

or  — r-  x  4  nr  =  — 

4neQr~  e0 

or  Q  =  Q,  which  is  independent  of  r  as  long  as  r  is 
greater  than  r0.  Hence  statement  (b)  is  also  true.  All 
the  four  choices  (a),  (b),  (c)  and  (d)  are  correct 

10.  For  r  <  R,  the  electric  field  is  given  by 

r  Qr  ■  r 

E  =  - r- ,  i.e.  E  °c  r 

4i Z£0R~ 

For  r  >  R,  the  entire  charge  Q  may  be  assumed  to 
be  concentrated  at  the  centre  of  the  sphere.  Hence 
for  r  >  R, 

E  =  — Q—r ,  i.e.  E  °c  Hr2 
4  K£0r 

Since  the  sphere  is  made  of  a  non-coducting  mete- 
rial,  charge  Q  is  uniformly  distributed  over  the 
entire  volume  of  the  sphere.  For  a  unifrom  distri¬ 
bution  of  charge,  the  potential  is  maximum  at  the 
centre  of  the  sphere.  The  electric  field  is  perpen¬ 
dicular  to  the  surface  of  a  conductor.  Hence  the 
correct  choices  are  (b)  and  (c). 

11.  For  a  conductor,  all  the  four  choices  are  correct. 


12.  Force  on  proton  is  Fp  =  eE,  in  the  direction  of  E  and 
force  of  electron  is  Fe=eE,  opposite  to  the  direction 
of  E.  Also  ap  =  F p  hnp  and  ae  =  Fe  lme.  Since  mp  > 

ap  <  ae.  So  the  correct  choices  are  (b)  and  (c). 

13.  For  a  ring,  electric  potential  and  electric  field  at  P  are 

V=  — - — - 

4 ne0  (R2  +  r2)1/2 


and 


E  = 


1 


Or 


4ne0 

which  is  zero  for  r  =  0. 


(R2+r2f,2, 


Q  Q 

For  r  »  R,  V  =  - -  and  E  =  - y .  So  the 

47T£0r  4  n£0r 

correct  choices  are  (b),  (c)  and  (d). 

14.  The  electric  field  at  P  is  given  by 


2  K£0r 

Where  A  is  the  linear  charge  density  and  n  is  a 
unit  vector  perpendicular  to  the  wire.  So  the  correct 
choices  are  (a)  and  (d). 

15.  The  electric  field  at  P  is 


E 


an 


2£0 

where  n  is  a  unit  vector  perpendicular  to  the  sheet. 
Since  E  is  independent  of  r,  the  electric  field  is  uni¬ 
form.  Hence  the  correct  choices  are  (c)  and  (d). 

16.  All  the  four  choices  are  correct. 

17.  Initial  P.E.  of  the  system  [Fig.  20.67(a)]  is 


U  = 


_Lf qQ  i  qQ  i ql ) 

4tt£0  v  a  a  2a  J 


Fig.  20.67 

If  charge  Q  is  given  a  displacemetv  along  the  x-axis 
the  P.E.  of  the  system  becomes  [Fig.  20.67  (b)] 


20.36  Comprehensive  Physics — JEE  Advanced 


U'  = 


47T£n 


qQ  ,  qQ 


-  +  - 


4ne0a 


(. a  +  x)  ( a -  x )  2  a 

20- 


,2  2x 

(a  -  x  ) 


(2) 


Since  a2  >  (a2-x2);  it  follows  from  Eqs.  (1)  and  (2) 
that  U'  >  U. 

If  charge  0  is  given  a  displacement  y  along  the 
y  —  axis,  the  P.E  of  the  system  will  be  [Fig. 
20.67(c)] 

2  ' 


U"  = 


1 


47T£n 


4ne0a 


qQ_  +  qQ_  +  cj_ 

r  r  2  a 


2  ciQ  q 
r  2 


(3) 


18.  V  = 


Since  r  >  a ,  it  follows  from  Eqs.  (1)  and  (3)  that 
U"  <  U.  So  the  correct  choices  are  (b)  and  (c). 

work 


charge 


.  Therefore  [V\  = 


[ML2T“2] 


[AT] 
=[ML2T”3A“'] 


•••  w  =  mx  w 

=  [ML2T“3A_1]  x  [L] 

=  [ML3T“3A  '] 

Now  E—  ^  — 

dr  dr\r 

Hence  the  correct  choices  are  (b)  and  (c). 

19.  Let  the  electric  potential  be  zero  at  a  point  P  at  a 
distance  x  from  charge  ql.  Then 

1 


47T£0 
<h  = 

X 


q2 

(r-x)J 


=  0 


q  2 

(r  -  x) 


4 

X 


(r-x) 


, .  ,  .  4 r  4 x 15  cm 

which  gives  x=  —  =  - - -  =12  cm 

Electric  field  E  is  zero  at  a  value  of  x  given  by 

Vli  I  _  *2 


\q2 1  (r~x)2 

which  gives  x  =  ±  30  cm.  It  is  easy  to  check  that  E 
^  0  between  x  =  0  and  x  =  15  cm.  So  the  correct 
choices  are  (b),  (c)  and  (d). 

20.  All  the  four  statements  (a),  (b),  (c)  and  (d)  are  cor¬ 
rect. 

21.  The  two  charges  will  repel  and  will  come  to  rest 
when  6  =  180°  because  an  orbiting  satellite  is  in  a 


state  of  weightlessness.  The  distance  between  the 
balls  =  2  L.  Hence 


0 


T  = 

4ne0(2  L)z 

So  the  correct  choices  are  (b)  and  (c). 

22.  If  0j  is  the  charge  on  the  ring  and  —  02  is  the  charge 
on  particle  P,  the  force  due  to  the  ring  on  particle  P 
when  it  is  at  (0,  0,  z)  is 

1  01  02  z 


F  = 


4  7Z£n 


(R2  +  z2)3/2 


When  z  >  0,  F  is  in  the  —  z  direction.  When  z  <  0, 
F  is  in  the  +  z  direction.  So  the  motion  of  P  will  be 
periodic  for  0  <  z  <  °°. 

1  01  02  z 

When  z  «  R,  F - - — ,  i.e.  F  oc  —  z.  Hence 

4tt£0  R2 

for  z  «R,  the  motion  of P  will  be  simple  harmonic. 
So  the  correct  choices  are  (a)  and  (c). 

23.  The  graph  shows  the  variation  of  electric  field  E 
with  distance  r.  [Fig.  20.68] 


Fig.  20.68 

So  the  correct  choices  are  (a)  and  (c). 

24.  The  surface  of  a  perfect  conductor  is  an  equipo- 
tential  surface.  Charge  density  at  B  is  greater  than 
at  A  because  curvature  at  B  is  greater  than  that  at 
A.  From  Gauss’s  theorem,  electric  flux  through  a 

q 

closed  surface  =  —  .  The  electric  field  at  the  sur- 

e0 

face  of  the  cavity  is  zero.  Hence  the  correct  choices 
are  (c)  and  (d). 

25.  Potential  energy  at  position  x  is 

1 


U= - M i 

47T£, 


qp 

2 


0  * 

When  the  dipole  is  far  away  (x  — >  U=  0.  Hence 

1  q  p 


K  =  change  in  P.E.  =  0  — 


47T£, 


0  X  J 
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i  q  p 

4  7t£0  x2 


F  = 


dU 

dx 


2  q  P 


4  ne0x 

Hence  the  correct  choices  are  (b)  and  (d). 
26.  Electric  field  in  the  region  r  >  r0  is  given  by 

f  r\  \ 


E  ~  ^  -  d 

dr  dr 


Q 


4ne0rj 


Q 

4  K£0r2 


For  r  <  r0,  E  =  - 


d(  Q  2 
dr  ^  4n  £0r0  y 


=  0 


( v  r0  =  constant) 
Hence,  the  electric  field  is  discontinuous  at  r  =  r0. 
Therefore,  statement  (a)  is  true. 

For  r  <  r0,  E  =  0.  Hence  the  charge  resides  only  on 
the  spherical  surface  of  radius  r  =  r0.  No  charge 
exists  in  the  region  for  which  r  <  r0.  Therefore, 
statement  (c)  is  also  true.  Electric  energy  density  is 
given  by 


u  = 


1 

2 


£o E2 


Since  for  r  <  r0,  E  =  0;  u  =  0  for  r  <  r0.  Hence  state¬ 
ment  (d)  is  true. 

Let  Q'  be  the  net  charge  enclosed  inside  the  spheri¬ 
cal  surface  of  radius  r  =  2 r0.  Then  from  Gauss’s 
theorem,  we  have 

JE  ds  =  — 

eo 


are  wrong  because,  for  elliptical  orbit,  the  speed  of 
charge  -  q  is  the  highest  when  it  is  closest  to  charge 
Q  (as  in  planetary  motion).  Hence  the  only  correct 
choice  is  (a). 

28.  Let  Qa  and  QB  are  the  charges  on  metal  shell  A  and 
metal  sphere  B  after  they  are  connected  by  a  wire. 
Since  their  electric  potentials  will  be  equal, 

Va  =  Vb 

Qa  _  Qb  _ >  Qa  _  ^a 

4ne0RA  4  ne0RB  QB  RB 

Since  RB  <  RA,  QA  >  QB.  So  choice  (b)  is  correct. 
From  Gauss’s  law,  the  electric  field  inside  a  spheri¬ 
cal  shell  is  zero.  So  choice  (a)  is  correct. 

Now  <7a  =  ~~r"  and  av,  = 

4  nR2A 


4  nRl 


X 

d) 

ii 

b  I 

|  =AxfV| 

°"b  Qb 

UaJ 

=  h. 

Ra 

Hence  choice  (c)  is  also  correct. 

Electric  fields  on  the  surface  of  shell  and  sphere 
are 


And 


^  =  ~  <  1,  i-e.  Ek  <  Eb. 
E B  O'b 


2  Q' 

or  E  x  4  nr  =  — 

£o 

Q  2  Q' 

or  — ~  r-  x  4  nr~  =  — 

4  ne0r  £0 

or  Q'  =  Q,  which  is  independent  of  r  as  long  as  r  is 
greater  than  r0.  Hence  statement  (b)  is  also  true.  All 
the  four  choices  (a),  (b),  (c)  and  (d)  are  correct 
27.  The  torque  of  Coulomb  force  (which  is  radial)  on 

dL 

charge  -  q  is  zero.  Hence  —  =  0  =>  L  =  constant. 

dt 

Hence  the  angular  momentum  of  charge  —  q  is  con¬ 
stant.  So  choice  (a)  is  correct.  All  other  choices 


So  choice  (d)  is  also  correct.  All  the  four  choices 
are  correct. 

29.  Gauss’s  law  is  valid  only  if  Coulomb's  law  holds, 
i.e.  if  E  °c  F2.  Hence  choice  (a)  is  wrong.  Gauss’s 
law  cannot  be  used  to  calculate  a  non-uniform  field 
distribution  around  an  electric  dipole.  So  choice  (b) 
is  also  wrong. 

Choice  (c)  is  correct  becausse  the  directions  of 
electric  fields  are  opposite  at  a  point  between  two 
similar  charges. 

Work  done  WA_>B  q(VB  VA)  =  (VB-  VA) 

(•••<?  =  + 1  C) 

Hence  choice  (d)  is  correct. 

So  the  correct  choices  are  (c)  and  (d). 
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# 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

An  infinite  number  of  charges,  equal  to  q,  are  placed  along 
the  x-axis  atx  =  1,  x  =  2,  x  =  4,  x  =  8  ....  and  so  on. 

1.  The  electric  potential  at  the  point  x  =  0  due  to  this 
set  of  charges  is 


(a)  -2- 

(b) 

q 

7T£0 

2,7T£q 

(c)  1 

(d) 

q 

37T£0 

4  7T£0 

The  electric  field  at  point 

x  =  0 

is 

(a)  -  1 

(b) 

q 

3  7t£0 

4tT£0 

(C)  / 

(d) 

q 

5  7t£0 

6  ne0 

SOLUTION 


in  Fig.  20.69,  is 
q  q  q 


x  =  0  x  =  1 x=2 


v= 


x  =  4 

Fig.  20.69 


x  =  8 


q  q  q  q 

—  +  —  +  —  +  —  H - to°o 


47r£n  Ll  2  4 


47T£a 


47T£a 


47T£a 


,111 

lH - 1 - 1 - h  ■  ■  ■  to  00 

2  4  8 


1- 


1- 


1 


2  J 

(1-0)  = 

2 


2  K  £a 


which  is  choice  (b). 

2.  Since  the  charges  are  placed  along  the  same  straight 
line,  the  electric  field  at  x  =  0  will  be  directed  along 
the  x-axis  and  its  magnitude  is  given  by 


3.  If  the  consecutive  charges  have  opposite  sign,  the 
electric  potential  at  x  =  0  would  be 


(a) 

(c) 


37T£0 

q 


(b) 

(d) 


4tt£0 

q 


5u£q  6tt£q 

4.  If  the  consecutive  charges  have  opposite  sign,  the 
electric  field  at  x  =  0  would  be 

q 


(a) 

(c) 


37T£0 

q 

5tZ£a 


(b) 

(d) 


47T£0 

q 

6tT£a 


of  infinite 

E=  1 

_ 

is  as  shown 

±  +  ±  + 

47T£0 

Ll2  22 

to  infinity 

q 

h  +  I  +  l 

L  4  16 

4K£0 

1 

q 

-(JT1 

~  4k£0 

i-I 

L  4  J 

q_ 

o2 


q  v  d-0) 


4  K£0  P)  3^£0 


,  which  is  choice  (a). 


3.  If  the  consecutive  charges  have  opposite  sign,  the 
potential  at  x  =  0  is  given  by 

1 


V  = 


4n£0 

q 

47t£0 


q  q  q  q  q  q 

- 1 - 1 - to°<= 

1  2  4  8  16  32 


,  1  1 

lH - 1 - 1 —  •  to c 

4  16 


(l  1  1 

-  +  -  +  —  H —  *  to c 

v2  8  32 
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4tt  £a 


f  1  Y 


If-1  ^ 

2  I- 


1 


4.  E  = 


4) 

4  1  4 

- x- 

47T£0  L3  2 

Hence  the  correct  choice  is  (d). 

1 


V  42J 

(III  Y 

Q 

+  +  H - to 00 

_  1 

V4  64  1024  2 

6tZ£q 

47T£n 


S__3_,3__ 
l2  22  4 


_q_ 

(8)2 


(16)2  (32)2 


+  •  ■ • to  °° 


4  71  £n 


,  1  1 

1  +  -  +  -  +---tOc 

16  256 


4^£a 


f  l  4  If  l  ^ 

1  4.1 


LV1  16  2 


1 - 

V  16  2 


47T£n 


16_J_  16 
.15  4  15  J  57 re 


Hence  the  correct  choice  is  (c). 


Question  5  to  9  are  based  on  the  following  passage 
Passage  II 

A  rigid  insulated  wire  frame 
in  the  fonn  of  a  right-angled 
triangle  ABC,  is  set  in  a 
vertical  plane  as  shown  in 
Fig.  20.70.  Two  beads  of 
equal  masses  m  each  and 
carrying  charges  qx  and  q2 
are  conn-ected  by  a  cord  of  length  /  and  can  slide  without 
friction  on  the  wires.  The  beads  are  stationary. 

<  IIT,  1978 

5.  The  value  of  angle  a  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  75° 

6.  The  tension  in  the  chord  is 

CM2 


(a)  mg 


(b) 


4n£nC 


(c)  mg  +  —  ^2  (d)  zero 

4tt£0/2 

7.  The  normal  reaction  on  bead  P  is 

(a)  V2  mg  (b)  2  mg 

(c)  V3  mg  (d)  3  mg 

8.  The  normal  reaction  on  bead  Q  is 

(a)  mg  (b)  V2  mg 

(c)  2  mg  (d)  V3  mg 

9.  If  the  cord  is  cut,  the  magnitude  of  the  product 

c/i  q2  of  the  charges  for  which  the  beads  continue 
to  remain  stationary  is 


(a) 

mg l2 

<b) 

4n£0 

4k£q 

(c) 

VI  (4jt£0)mgl2 

(d)  (47 t£0)mgl2 

SOLUTION 


Fig.  20.71 

Let  us  consider  forces  acting  on  bead  P  as  shown  in  Fig. 
20.71.  These  forces  are: 

(i)  Weight  mg  vertically  downwards 

(ii)  Tension  T  in  the  string 

(iii)  Electric  force  between  P  and  Q  given  by 


1  9,  c/2 

F  =  - - s— 

4  7r  £0  r 

(iv)  Normal  reaction  /V,. 

The  net  force  along  the  string  is  (T -  F).  Bead  P  will  be  in 
equilibrium,  if  the  net  force  acting  on  it  is  zero.  Resolving 
forces  mg  and  (T—F)  parallel  and  perpendicular  to  plane 
AB,  we  get,  when  the  bead  P  is  in  equilibrium, 

mg  cos  60°  =  (T  -  F)  cos  a  ( 1 ) 

and  TV,  =  mg  cos  30°  +  (T  -  F)  sin  a  (2) 

For  the  bead  at  Q,  we  have 
mg  sin  60°  =  (T-  F)  sin  a  (3) 

and  N2  =  mg  cos  60°  +  (T  -  F)  cos  a  (4) 
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5.  Dividing  Eq.  (3)  by  Eq.  (1),  we  get 

tan  a  =  tan  60°  or  a  =  60°,  which  is  choice  (c). 

6.  Using  a  =  60°  in  (3),  we  have 

mg  sin  60°  =  (T  —  F)  sin  60° 


9. 


or  T  =  F  +  mg  =  — - — f2  +  mg  (5) 

4tt£0  I1 

So  the  correct  choice  (c). 

7.  From  Eq.  (2)  we  have  (since  T -F  =  mg) 

N1  =  mg  cos  30°  +  mg  sin  60° 

=  2  mg  cos  30°  =  v/3  mg; 

which  is  choice  (c). 

8.  From  Eq.  (4)  we  have 


N2  =  mg  cos  60°  +  mg  cos  60°  =  mg 
Thus  is  the  correct  choice  is  (a). 

When  the  string  is  cut,  T  =  0.  Putting  T  =  0  in  Eq. 
(5),  we  get 


mg  ■■ 


<7l  <?2 


4  ne. 


o  r 


The  right  hand  side  of  this  equation  should  be 
positive  which  is  possible  if  <7j  and  q2  have  opposite 
signs.  Thus,  for  equilibrium  the  beads  must  have 
unlike  charges.  The  magnitude  of  the  product  of  the 
charges  is 

l?i  ch\  =  (4  ntQ)  mgl2, 


which  is  choice  (d). 


Questions  10  to  13  are  based  on  the  following  passage 
Passage  III 


Two  charges,  each  equal  to  q,  are  kept  at  x  =  -  a  and  x  =  a 
on  the  x-axis.  A  particle  of  mass  m  and  charge  q0  =  qt 2  is 
placed  at  the  origin. 

10.  The  charge  q0  is  given  a  small  displaceplacement 
x  («  a)  along  the  x-axis  and  then  released.  The 
restoring  force  acting  on  q0is  ( k  =  1/  (4  7T£0)) 


(a)  - 

(c) 


f kq 21 

X 

(b)  - 

r  2 kq2  2 

3  ! 

3 

\a  ) 

\  a  ) 

f kq- ^ 


V  a1  ) 


(d) 


f 2kq2  ^ 


11.  In  Q.  1 0  the  time  period  of  oscillation  of  the  particle 
is 


(a)  T=2n 


t  3  y/2 
ma  ' 


2  kq- 


(b)  T=  2n 


f  3V/2 
ma 


kq 2  j 


(c)  T  =  2n 


f2kq2^2 


ma 


(d)  T  =  2k 


fkq2  Y/2 

3 

ma 

12.  If  charge  g0is  given  a  small  displacement  y  («  a) 
along  the  y-axis,  the  net  force  acting  on  the  particle 
is  proportional  to 

(a)  y  (b )-y 

(c)  -  (d)  -  - 

y  y 


13.  In  Q.  12,  the  particle, 

(a)  will  execute  simple  harmonic  motion. 

(b)  will  execute  oscillatory  but  not  simple 
harmonic  motion. 

(c)  will  execute  a  non-periodic  and  non-oscilla- 
tory  motion. 

(d)  will  never  come  back  to  x  =  0. 


SOLUTION 

10.  Refer  to  Fig.  20.72.  Suppose  the  charge  q0  =  q/2  is 
given  at  a  small  displacement  x  from  origin  O.  Then 
the  force  of  repulsion  on  charge  q0  due  to  charge 
qx  =  q  is 

F  =  1  q\qo  _J:  qxcj/2 

4tT£0  (a  +  x)2  (o  +  x)2 
along  positive  x-direction 

The  force  of  repulsion  on  charge  q0  due  to  charge 

q2  =  q  is 

F  =  1  qx  q0  =  kq 2 

47T£0  (a-x)2  2(a-x)2 

along  negative  x-direction 


y , 

<7i  =<7 

q0  =  ql  2  q2  =  q 

o 

- —  x  — H-*-  (a  -  x)  -H 

h - (a  +  x)- 

- H 

Fig.  20.72 

Since  F2  >  Fx,  the  net  force  on  charge  q0  is  along 
the  negative  x-direction.  Hence  the  restoring  force 
on  charge  q0  is 
F=Fi-F2 
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=  k  X  —  X 


1 


1 


since  x  «  a. 


2  Lv(a  +  X)  (a~x)  ) J 

1 


1 


(a  +  x) 


ci~  \  1  + 


1  + 


Expanding  binomially  and  retaining  only  the  tenns 


of  order  — ,  we  have 

a  V— 

1 


(a  +  x) 


J__2x 
a 2  a3 


Similarly, 

Hence 


1  2x 
\2  2  +  ~ 


/  \Z  Z  i 

(fl  -  x)  a  a 


Fi  cos  9  along  positive  y-direction.  Similarly,  force 
F2  can  be  resolved  into  two  components  ( F2)x  = 
F2  sin  9  along  negative  x-direction  and  (F2)y  = 
F2  cos  0  along  positive  y-direction.  Since  Fl  =  F2, 
components  {Fl)x  and  (F2)x  are  equal  and  opposite 
and  hence  they  cancel  each  other.  The  net  force  on 
charge  q0  is  along  the  positive  y-direction  and  is 
given  by 


F  =  (Fx)y  +  ( F2)v  =  F j  cos  9  +  F2  cos  9 
=  ( Fx  +  F2)  cos  9  =  2F[Cos  9  (\m  Fx  =  F2 ) 


or 


Now 


F=  k- 


qz cos  9 

(a2  +  y2) 


cos  9  = 


OC 


y 


\l/2 


.  Therefore, 


F=  k- 


q2y 


(a2  +  y2 )' 


AC  (a2+y2)1' 

3/2  along  positive  y-direction 


F=  kx  —  x 
2 


a 

which  is  choice  (b). 

11.  Since  F  (-x),  the  motion  of  the  particle  is  simple 
hannonic  whose  time  period  is  given  by  choice  (a). 

12.  Refer  to  Fig.  20.73.  Suppose  the  charge  q0  =  q/2  is 
given  a  small  displacement  OC  =  y  along  the  y-axis, 
the  force  of  repulsion  on  charge  q0  due  to  the  charge 
qx  =  q  is 


Fx  =  k- 


(AC)2 


k  • 


q  X  q/2 
(a2  +y2) 


The  force  of  repulsion  on  charge  q0  due  to  charge 
q2  =  qis 


F2  =  k- 


(. BC f 


=  k- 


q  X  q!2 
(a2  +y2) 


The  directions  of  F,  and F2  are  shown  inFig.  20.73. 
Force  F,  can  be  resolved  into  two  components  (Fx)x = 
Fj  sin  9  along  positive  x-direction  and  (Fx)  = 


So  the  correct  choice  is  (a). 

13.  Since  the  net  force  on  charge  q0  is  along  the  postive 
y-direction,  it  will  keep  on  moving  in  the  positive 
y-direction  away  from  the  origin  O  and  will  never 
come  back.  So  the  correct  choice  is  (d). 


Questions  14  to  16  are  based  on  the  following  passage 
Passage  IV 

A  point  particle  of  mass  M  is  attached  to  one  end  of  a 
massless  rigid  non-conducting  rod  of  length  L.  Another 
point  particle  of  the  same  mass  is  attached  to  the  other  end 
of  the  rod.  The  two  particles  carry  charges  +  q  and  -  q.  This 
arrangement  is  held  in  a  region  of  a  uniform  electric  field 
E  such  that  the  rod  makes  a  small  angle  9  (say  of  about  5°) 
with  the  field  direction  as  shown  in  Fig.  20.74. 
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14.  The  magnitude  of  the  torque  acting  on  the  rod  is 

(a)  qEL  sin  9  (b)  qEL  cos  9 

(c)  qEL  (d)  zero 

15.  When  the  rod  is  released,  it  will  rotate  with  an  an¬ 
gular  frequency  0)  equal  to 

<b)  fMf 

ML)  \ML  ) 


(a) 


U ml) 


1/2 


(d) 


UqE\ 

2  [ML) 


1/2 


16.  The  minimum  time  taken  by  the  rod  to  align  itself 
parallel  to  the  electric  field  after  it  is  set  free  is  given  by 


,  ,  n 

(a)  y 


ML 


1/2 


(c)  2 n 


\2qE, 

'i mV'2 

v  qE  ) 


(d)  2 n 


(d)  2 n 


ML 


1/2 


v  qE 

ML 
2  qE 


SOLUTION 


14.  A  non-conducting  rigid  rod  having  equal  and 
opposite  charges  at  the  ends  is  an  electric  dipole. 
When  it  is  placed  in  a  uniform  electric  field,  it 
experiences  a  torque  which  tends  to  align  it  with 
the  field  lines.  Referring  to  Fig.  20.75,  the  electric 
forces  F  =  qE  each  acting  at  A  and  B  constitute  a 
couple  whose  torque  is  given  by 

T  =  force  X  perpendicular  distance 
=  F  x  AC  =  F  X  AB  sin  0  =  qEL  sin  0 
So  the  correct  choice  is  (a). 


15.  Since  @is  small,  sin  9-9,  where  6>is  expressed  in 
radian.  Thus  r  =  qEL  9 

Restoring  torque  T  =  —  qEL  0  ( 1 ) 


1=  Mx  (AO)2  +  Mx  (BO)2 


=  Mx  -  +  Mx  -  = 


MF 


Thus  T  = 


ML2  a 


(2) 


Using  Eq.  (2)  in  Eq.  ( 1),  we  get 


V  ML  ) 


9  =  -  or  9 


where  co  = 


,  which  is  choice  (b). 


16.  The  time  period  of  oscillation  is 


2k 

T=  —  =2  n 
co 


(  ML^7 


2  qE 


Rotating  in  the  clockwise  sense,  the  minimum  time 
taken  by  the  rod  to  align  itself  parallel  to  the  elec¬ 
tric  field  is  the  time  it  takes  to  complete  one-fourth 
of  angular  oscillation,  i.e. 


If  a  is  the  angular  acceleration  of  the  rotatory 
motion, 

t  =  la 


A:„  = 


T 

4 


K 

~2 


where  /  is  the  moment  of  inertia  of  the  two  masses 
at  A  and  B  about  an  axis  passing  through  the  centre 
O  and  perpendicular  to  the  rod.  Since  the  rod  is 
massless, 


So  the  correct  choice  is 


U  qE) 
(a). 


Questions  17  to  20  are  based  on  the  following  passage 
Passage  V 

Two  identical  particles  A  and  B  of  mass  m  carry  a 
charge  Q  each.  Initially  particle  A  is  at  rest  on  a  smooth 
horizontal  plane  and  the  partical  B  is  projected  with  a 
speed  v  along  the  horizontal  plane  from  a  large  distance 
directly  towards  the  first  particle.  The  distance  of 
closest  approach  is  x. 


17.  At  the  closest  approach,  speed  vx  of  particle  A  is 

(a)  vx  =  v  (b)  vl  =  V 2v 

(c)  Vi  =  vt2  (d)  vx=  v/^2 

18.  At  the  closest  approach,  speed  v2  of  particle  B  is 

(a)  v2  =  v/2  (b)  v2=  v/^2 

(c)  v2  =  v  (d)  v2  =  2v 

19.  At  the  distance  of  closest  approach,  the  total  energy 
of  the  system  is 
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(a) 


mv 


?  Q 

(c)  mv  + 


4  keqX 


,,  ,  mv 

(b)  —  + 


,,,  mv 

(d)  — — + 


Q 


4  jt£0x 


or 


4u£qX 


20.  The  distance  of  closest  approach  is 


(a)  x  = 

Q2 

ii 

H 

2 

Q2 

7t£0mv2 

2ne0mv2 

(c)  x  = 

Q2 

(d)  x  = 

2  q1 

4n£0mv2 

7i£0mv2 

SOLUTION 


17.  Initially  particle  A  is  at  rest  and  particle  B  moves 
towards  it  with  a  velocity  v  from  a  large  distance. 
Therefore,  the  initial  momentum  of  the  system  is 
Pi  =  mv  +  0  =  mv 

Since  the  initial  distance  is  large,  the  particle  B  exerts 
negligible  repulsive  force  of  the  first  particle.  But, 
as  the  distance  decreases,  the  first  particle  begins  to 
move  in  the  same  direction  as  the  second  particle 
under  the  action  of  the  force  of  repulsion.  The 
distance  between  them,  therefore,  keeps  decreasing 
until  it  attains  a  certain  minimum  value.  Let  vx  and 
v2  be  the  velocities  of  particles  1  and  2  and  let  t  be 
the  time  taken  by  them  to  acquire  these  velocities. 
Then  the  distances  travelled  by  them  will  be  x1  =  vxt 
and  x2  =  v2t.  The  separation  between  them  at  this 
time  t  is 

x  =  xl-x2-(vl-  v2)t 

This  separation  will  be  minimum  if  dxldt  =  0. 
Now 

dx 

- 

.-.  For  closest  approach,  v1  -  v2  =  0  or  vx  =  v2. 

Therefore,  the  final  momentum  of  the  system  at  the 
closest  approach  is 

Pf  =  mvl  +  mv2  =  m  (tq  +  v2 ) 

From  the  law  of  conservation  of  momentum, 
pt  =  pf  or  mv  =  m  ( vx  +  v2)  or  v  =  vx  +  v2 
Since  the  particles  are  identical,  it  follows  that 
v 

v\  Vi  2  ' 

So  the  correct  choice  (c). 


18.  The  correct  choice  is  (a). 

19.  If  x  is  the  distance  of  closest  approach,  the  final 
energy  of  the  system  is 


1  2  1  2  10 

Ef=  —mv,  +  —mv0  + - 

J  2  2  4  ne0  x 


1  ( v\  1  ( v 

or  =  —  m  —  +  —  777  — 

2  V  2  y  2  v  2 


1  Q 2 


47r£0  x 


or 


„  777  V 

Ef=  -  + 

J  A 


i  Q 1 


4  7T£0  X 


which  is  choice  (d). 

20.  The  initial  energy  of  the  system  is 

Et  =  KE  of  first  particle  +  KE  of  second  parti¬ 
cle  +  PE  due  to  charge  on  each  particle. 


or 


1  2  1 

=  0  +  —  mv1  +  ~ - 

2  4tt£0 

1  2 

E:  =  —  mv 
1  2 


Q 


From  the  law  of  conservation  of  energy,  Et  =  Ef-. 
Therefore 


1  2  1  2 

—  77777"  =  —  77777  + 

2  4 


1  Q z 


4  7T  £0  X 


which  gives 


x  = 


1  402 


Q 


4k£q  mv  7t£0mv2 
so  the  correct  choice  is  (a). 


Questions  21  to  24  are  based  on  the  following  passage 
Passage  VI 

Charge  Q  is  uniformly  distributed  within  a  non-conducting 
sphere  of  radius  R.  The  volume  charge  density  is  p. 

<  IIT,  1992 

21.  The  potential  energy  of  the  spherical  distribution  of 
charge  is 

302  202 


(a) 


20 7T£0R 


(b) 


5  k£0R 


(C) 


Q2 


4ne0R 


(d) 


3  Qz 


10 k£qR 


22.  The  magnitude  of  the  electric  field  at  a  distance  r 
(>  R  )  from  the  centre  of  the  sphere  is 


(a) 


(c) 


3p/r 


£„r 


pR j 

3£0r2 


(b) 


(d) 


3  pR3 
4e0r2 
3  pR2 
2£0r2 
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23.  If  the  same  charge  is  given  to  a  spherical  conduct¬ 
ing  sphere  of  the  same  reduis  R,  the  potential  en¬ 
ergy  of  the  system  will  be 


(a)  zero 


(c) 


Q2 

8  K£QR 


(b) 


Q 2 

4  ke0R 


(d)  the  same  as  in  Q.21. 


24.  In  Q.23  the  magnitude  of  the  electric  field  at  a  dis¬ 
tance  r  (>  R)  from  the  centre  of  the  sphere  will  be 


(a) 

Q 

(b) 

QR 

4K£0r2 

4ke0)~2 

(c) 

3  Q 

(d) 

3  QR 

4K£0r2 

47T£0r3 

SOLUTION 


21.  p  = 


Q 

V 


3  Q 
4  kR3 


(1) 


Refer  to  Fig.  20.76. 

The  spherical  charge  may  be  regarded  as  an  infinit¬ 
ely  large  number  of  infinitesimally  thin  concentric 
spherical  shells.  Consider  one  such  spherical  shell 
of  radius  r  and  thickness  dr.  The  charge  within  the 
volume  (4/3)7ir3  is 


q  = 


4 

3 


nrp 


The  charge  in  the  spherical  shell  of  thickness  dr  is 
dq  =  4  Kt^drp 

Therefore,  the  potential  energy  due  to  charges  q 
and  dq  is 


dU  = 


1  qd  q 

4ke0  r 


Fig.  20.76 

I  [^-r7,  p^x(4n  r2  dr  p} 

4  K£0  r 


4n  p1 
3£q 


X  r4dr 


Hence,  the  total  potential  energy  of  the  spherical 
distribution  of  charge  is 


u-  *xp 


2  R 


3  £n 


|  r4dr 


-o  o 

Using  Eq.  (1)  in  this  we  have 

f  32 


U  = 


4k 
3  £n 


Q 


- kR 3 

V3  y 


4  k  p2  R5 

=  — —  x  — 
3  En  5 


R 


3  Q~ 


20  k£qR 


So  the  correct  choice  is  (a). 

22.  For  points  outside  the  sphere,  the  charge  Q  may  be 
assumed  to  be  concentrated  at  the  centre.  Hence 
(For  r  >R), 

E  =  — -  =  —  -  ,  which  is  choice  (c). 

47T£0r“  3  K£0r~ 


23.  Any  charge  given  to  a  solid  conductor,  cannot  stay 
in  its  body;  it  is  immediately  transferred  to  the 
surface  of  the  conductor.  The  electrostatic  energy 
of  a  charge  Q  on  the  surface  of  a  conducting  sphere 
of  R  is  given  by 


where  C  =  4  ke0R  is  the  capacitance  of  the  sphere. 
Thus 


So  the  correct  choice  is  (c). 

24.  For  points  outside  the  sphere,  it  behaves  if  the 
entire  charge  Q  is  concentrated  at  its  centre.  Hence 
the  correct  choice  is  (a). 
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Questions  25  to  26  are  based  on  the  following  passage 
Passage  VII 

A  dense  collection  of  equal  number  of  electrons  and  positive 
ions  is  called  neutral  plasma.  Certain  solids  containing 
fixed  positive  ions  surrounded  by  free  electrons  can  be 
treated  as  neutral  plasma.  Let  ‘/V’  be  the  number  density 
of  free  electrons,  each  of  mass  ‘ m\  When  the  electrons  are 
subjected  to  an  electric  field,  they  are  displaced  relatively 
away  from  the  heavy  positive  ions.  If  the  electric  field 
becomes  zero,  the  electrons  begin  to  oscillate  about  the 
positive  ions  with  a  natural  angular  frequency  ‘  <wp’  which 
is  called  the  plasma  frequency.  To  sustain  the  oscillations, 
a  time  varying  electric  field  needs  to  be  applied  that  has 
an  angular  frequency  co ,  where  a  part  of  the  energy  is 
absorbed  and  a  part  of  it  is  reflected.  As  co  approaches 
cop  all  the  free  electrons  are  set  to  resonance  together  and 
all  the  energy  is  reflected.  This  is  the  explanation  of  high 
reflectivity  of  metals. 

<  IIT,  2011 


25.  Take  the  electronic  charge  as  V  and  the  permit¬ 
tivity  as  ‘e0’.  Use  dimensional  analysis  to  deter¬ 
mine  the  correct  expression  for  <yp. 


(a) 

[nT- 

(b) 

V  m£o 

Ne 2 

(c) 

(d) 

V  W7£o 

26.  Estimate  the  wavelength  at  which  plasma  reflec¬ 
tion  will  occur  for  a  metal  having  the  density  of 
electrons  N  ~  4  x  1027  m  Taking  en  =  1 0  1 1  and 
m  ~  10  ,  where  these  quantities  are  in  proper 

SI  units. 

(a)  800  nm  (b)  600  nm 

(c)  300  nm  (d)  200  nm 


SOLUTION 


25. 


From  F  =  ^M2 


4  7T£0r~ 


dimensions  of 


=  [Tr2] 


=  [ML3T~2] 


[TV]  =  [L  ].  Hence 


26. 


Nez 

777  £n 


NeL 


777  £n 


-il/2 


[L  3]  x  [ML3T~2]  x  [1VL1]  =  [T  2] 
[T_1]  =  dimension  of  cop. 


%  = 


vp  = 


Ne2 

777£0 


il/2 


4  x  1027  x  (1.6  x  10-19)2 
10“3Oxl0“n 
3.2  x  1015  rad  s^1 
co 

— -  .  Since  c  =  vA, 

2  n 


c  _  3  x  108  x  2n 
vp  3.2  xlO15 

=  6x  10~7  m  =  600  nm 


% 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  true,  Statement-2  is  true  and  State¬ 
ment-2  is  the  correct  explanation  for  Statement- 1 

(b)  Statement- 1  is  true,  Statement-2  is  true  but  State¬ 
ment-2  is  not  the  correct  explanation  for  State¬ 
ment-  1 . 


(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement-2  is  true. 

1.  Statement-1 

Figure  20.77  shows  the  tracks  of  two  charged 
partices  A  and  B  in  a  uniform  electric  field  between 
two  charged  plates.  The  charge  to  mass  ratio  of 
B  is  greater  than  that  of  A.  Neglect  the  effect  of 
gravity. 
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+  +  + _ +  + 

>4/ 


Statement-2 

The  vertical  acceleration  of  particle  B  is 
than  that  of  particle  A. 

2.  Statement-1 

A  positive  charge  +  q  is 
located  at  the  centre  of 
a  circle  as  shown  in  Fig. 

20.78.  W\  is  the  work  done 
in  taking  a  small  positive 
charge  +  q0  from  A  to  B 
and  W2  is  the  work  done 
in  taking  the  same  charge 
from  A  to  C.  Then  W2  >  Wx 
Statement-2 
Work  done  =  Charge  x  potential  difference. 

3.  Statement-1 

A  small  test  charge  is  initially  at  rest  at  a  point  in 
an  electrostatic  field  of  an  electric  dipole.  When 
released,  it  will  move  along  the  line  of  force  pass¬ 
ing  though  that  point. 

Statement-2 

The  tangent  at  a  point  on  a  line  of  force  gives  the 
direction  of  the  electric  field  at  that  point. 

4.  Statement-1 

If  electric  field  is  zero  at  a  point,  the  electric  poten¬ 
tial  must  also  be  zero  at  that  point. 

Statement-2 

Electric  field  is  equal  to  the  negative  gradient  of 
potential. 


B 

Fig.  20.78 


5.  Statement-1 

If  electric  potential  is  constant  in  a  certain  region  of 
space,  the  electric  field  in  that  region  must  be  zero. 

Statement-2 

Electric  field  is  equal  to  the  negative  gradient  of 
potential. 


6.  Statement-1 

If  an  electron  is  moved  from 
P  to  Q,  its  potential  energy 
increases  (see  Fig.  20.79) 

Statement-2 

Potential  at  Q  is  less  than 
that  at  P. 


Fig.  20.79 


7.  Statement-1 

In  Q.  6  above,  the  work  done  to  move  an  electron 
from  P  to  Q  and  then  back  to  P  is  zero. 

Statement-2 

Electric  field  is  conservative. 

8.  Statement-1 

The  work  done  by  the  electric  field  of  a  nucleus  in 
moving  an  electron  around  it  in  a  complete  orbit  is 
greater  if  the  orbit  is  elliptical  than  if  the  orbit  is 
circular. 

Statement-2 

Electric  field  is  conesvature. 

9.  Statement-1 

Electrons  move  from  a  region  of  higher  potential  to 
a  region  of  lower  potential. 

Statement-2  An  electron  has  less  potential  energy 
at  a  point  where  the  potential  is  higher  and  vice 
versa. 

10.  Statement-1 

The  equipotential  surfaces  corresponding  to  a 
constant  electric  field  along  the  x-direction  are 
equidistant  planes  parallel  to  the  y-z  plane. 

Statement-2 

Electric  is  normal  to  every  point  on  an  equipotential 
surface 

11.  Statement-1 

The  electric  field  in  the  region  around  a  point  charge 
is  uniform. 

Statement-2 

The  equipotential  surface  of  the  electric  field  of  a 
point  charge  is  a  sphere  with  the  charge  at  its  center. 

12.  Statement-1 

If  a  metallic  sphere  A  of  radius  r  carrying  a  charge 
Q  is  brought  in  contact  with  an  uncharged  metal¬ 
lic  sphere  B  of  radius  2 r,  the  charge  on  sphere  A 
reduces  to  (9/3. 

Statement-2 

Charge  flows  from  A  to  B  until  their  potentials  are 
equalised. 

13.  Statement-1 

A  metal  ring  of  radius  R  carries  a  charge  +  Q 
distributed  unifonnly.  A  point  charge  -  q  is  placed 
on  the  axis  of  the  ring  at  a  distance  x  =  2 R  from  the 
centre  of  the  ring.  If  the  charge  is  released  from 
rest,  it  will  execute  a  simple  harmonic  motion  along 
the  axis  of  the  ring. 

Statement-2 

In  simple  harmonic  motion,  the  restoring  force  act¬ 
ing  on  the  oscillator  is  proportional  to  (—  x),  where 
x  is  the  displacement  from  the  mean  position. 

<  IIT,  1988 
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14.  Statement-1 

For  practical  purposes,  the  earth  is  used  as  a 
reference  at  zero  potential  in  electrical  circuits. 

Statement-2 

The  electrical  potential  of  a  sphere  of  radius  R  with 


SOLUTION 

1.  The  correct  choice  is  (a).  Let  E  be  the  electric 
field  between  the  plates;  It  is  directed  vertically 
downwords.  If  q  is  the  charge  of  the  particle,  it  will 
experience  a  force  F  =  qE.  Hence  its  acceleration 
(in  the  vertical  direction)  is 


=  Fi_clE_ 

m  m 

where  m  is  the  mass  of  the  particle.  If  t  is  time  spent 
by  the  particle  between  the  plates  (i.e  in  the  region 
of  the  electric  field),  the  vertical  distance  travelled 
(i.e.  deflection)  of  the  partical  is 


y  = 


1 

2 


2 

at  = 


qEt2 

2m 


Thus  — 
m 


<x  y.  Since  particle  B  has  a  higher  deflec¬ 


tion,  it  has  a  higher  charge  to  mass  ratio. 

2.  The  correct  choice  is  (d).  Points  A,  B  and  C  are  at 
the  same  distance  from  charge  +  q.  Hence  electric 
potential  difference  between  points  A,  B  and  C  is 
zero.  Hence  Wx  =  W2  =  0. 

3.  The  correct  choice  is  (d).  The  test  charge  will  move 
along  the  line  of  force  if  the  line  of  force  is  straight 
(as  in  the  case  of  a  single  charge).  If  the  lines  of 
force  is  curved,  the  charge  will  not  move  along  the 
line  of  force.  The  reason  is  that  the  line  of  force 
does  not  give  the  direction  of  velocity,  it  gives  the 
direction  of  the  force  which  is  along  the  tangent  to 
the  curve  at  that  point. 

4.  The  correct  choice  is  (d).  Since  E  =  -  dV/dr,  if  E  = 
0,V=  constant  not  necessarily  equal  to  zero. 

5.  The  correct  choice  is  (a). 

6.  The  correct  choice  is  (c).  Since  charge  of  an 
electron  is  negative,  P.E  at  P  and  Q  is 


uP=- 


eq 

4  7l£0(OP) 


Q  4tk0  (OQ) 

Since  OQ  >  OP,  UQ  is  less  negative  than  Up,  i.e.UQ 
>  Up.  For  the  same  reason,  Vq  >  VP. 

7.  Since  charge  +  q  will  attract  the  electron,  work  is 
done  to  move  the  electron  from  P  to  Q  is  negative 
because  the  work  is  done  against  the  field.  To  move 


charge  Q  uniformly  distributed  on  the  surface  is 

•  u  Q 

given  by 


4  ne0R 


■  IIT,  2008 


it  from  Q  back  to  P  an  equal  positive  work  is  done 
by  the  field  because  electric  field  is  conservative. 
So  the  correct  choice  is  (a). 

8.  The  correct  choice  is  (d).  The  work  done  by  the 
electric  field  in  moving  a  charge  around  a  closed 
path  of  any  shape  (circular  or  elliptical)  is  zero. 

9.  The  correct  choicce  is  (d).  Since  the  electron  has  a 
negative  charge,  it  has  less  energy  at  a  point  where 
the  potenial  is  higher  and  vice  versa.  Hence  in  an 
electric  field  an  electron  moves  from  a  region  of 
lower  potential  to  a  region  of  higher  potential. 

10.  The  electric  field  is  always  normal  to  the  equipo- 
tential  surface.  Therefore,  for  a  constant  electric 
field  in  the  x-direction,  the  equipotential  surfaces 
are  planes  parallel  to  the  y-z  plane.  Since  the  field  is 
constant,  the  equipotential  surfaces  are  equidistant 
from  each  other.  The  correct  choice  is  (a). 

11.  The  correct  choice  is  (d).  The  electric  field  in  a 
region  around  a  point  charge  varies  with  distance  r. 

E=  — L 
47T£0r“ 

12.  The  correct  choice  is  (a).  Charge  will  flow  from  A 
to  B  until  thier  potentials  become  equal.  If  charge 
q  flows  from  A  to  B,  then 

Q-q  =  q 

4ns0r  4  ne0  (2  r) 

r\  /A 

which  gives  Q-q  —  ^  =>  q  =  —  .  Hence  charge 

left  on  A  =  Q-  ^  =  Q. 

3  3 


13.  The  electric  field  on  the  axis  of  the  ring  at  a  distance 
x  from  its  centre  is  given  by 

1  Q  x 

E  =  -  x  — .  , 

4k  e0  (R2  +x")3/“ 

Force  on  charge  -  q  is 


F  =  -  q  E 


i  qQx 

47T£0  (R2  +x2)3/2 


The  motion  will  be  simple  harmonic  if  F  <*  —  x 
which  is  true  only  if  x  «  R  and  not  when  x  =  2 R. 
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Hence  Statement- 1  is  false,  but  Statement-2  is  14.  Both  the  statements  are  true  but  Statement-2  is  not 
true.  the  correct  explanation  for  Statement- 1. 


# 

Integer  Answer  Type 


1.  Two  identical  charged  spheres  are  suspended 
by  strings  of  equal  length.  The  strings  make  an 
angle  of  30°  with  each  other.  When  suspended  in 
a  liquid  of  density  800  kg  nT3,  the  angle  remains 
the  same.  What  is  the  dielectric  constant  of  the 
liquid?  The  density  of  the  material  of  the  sphere  is 
1600  kg  nT3. 

<  IIT,  1978 

2.  A  circular  ring  of  radius  R  with  unifonn  positive 
charge  density  A  per  unit  length  is  located  in  the  y-z 
plane  with  its  centre  at  the  origin  O.  A  particle  of 


mass  m  and  positive  charge  q  is  projected  from  the 

point  P  (R  73 , 0,  0)  on  the  positive  v-axis  directly 
towards  O,  with  initial  speed  v.  The  smallest  (non¬ 
zero)  value  of  speed  v  such  that  the  particle  does 
not  return  to  P  is 


v  = 


^  n  e0  m  ) 


,  where  n  is  an  integer.  Find  the  value 


of  n. 


<  IIT,  1993 


SOLUTIONS 

1.  It  follows  from  Fig.  20.80  that 

W  =  T  cos  0  and  F  =  T  sin  0 

F 

—  =  tan  0  ( 1 ) 

W 


3.  A  solid  sphere  of  radius  R  has  a  charge  Q  distrib¬ 
uted  in  its  volume  with  a  charge  density  p  =  kra, 
where  k  and  a  are  constants  and  r  is  the  distance 

R  1 

from  its  centre.  If  the  electric  field  at  r  =  —  is  - 

2  8 

times  that  at  r  =  R,  find  the  value  of  a. 

<  IIT,  2009 

4.  Four  point  charges,  each  of  +q,  are  rigidly  fixed 
at  the  four  corners  of  a  square  planar  soap  film 
of  side  ‘a’.  The  surface  tension  of  the  soap  film 
is  y.  The  system  of  charges  and  planar  film  are 


in  equilibrium,  and  a  = 


where  ‘A’  is 


a  constant.  What  is  the  value  of  N? 


<  IIT,  2011 


If  q  is  the  charge  on  each  sphere  and  r  the  separa¬ 
tion  between  them,  force  F  is  given  by 


When  the  spheres  are  immersed  in  a  liquid  of 
dielectric  constant  K,  the  force  of  repulsion 
between  them  becomes 


K 


Apparent  weight  is 

W'  =  W  -  (weight  of  liquid  displaced) 
or  W'=W-  pVg 

where  p  is  the  density  of  the  liquid.  If  a  is  the 
density  of  the  material  of  the  sphere,  W  =  oVg. 
Thus 
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1  2  1 

=  —  mv  +  - 

2  4 7T£0 


Qq 

(AP) 


F' 

W7 


F 

W 


x 


1 


K 


\  oj 

As  the  angle  0  remains  unchanged,  it  follow  from 
Eq.  (1)  that 


„  F 
tan  0  =  — 
W 

Hence 


F' 


W' 


K  1-^  =1  or  K=  t - 7 

l  a)  (,_£) 

Given  p  =  800  kg  m  3  and  o  =  1600  kg  m  3. 
Therefore, 


Now  (AP)2  =  ( OA)2  +  {OP)2=R2+  (V3f?)2  =4R2 
AP  =  2  R. 

Therefore,  EP=  —  m  v2  +  — - - 

2  4k£q  2  R 

The  total  energy  of  the  particle  when  it  reaches  O 
is  (since  its  velocity  at  O  is  zero) 

E0  =  PE  at  O  due  to  charge  Q  on  the  ring 

_  i  Qq 

4  k£q  R 

From  the  law  of  conservation  of  energy,  EP  =  E0. 
Thus 

1  2  1  Qq  1  Qq 

2  4ke0  2R  4 tz£q  R 

,  .  .  1  Qq)V2  f  X  q  r 

which  gives  v  = - =  - 

v  4k  £0  mR)  \2£()m  ^ 

(v  Q  =  2 nRX) 


Qq 


1 


4  k£q  2  R 


Qq 


47T£n  R 


r_l 

A  -r 

V 


Qq 


4  n  £0  m  R  j 


X  q 

\2  Etfnj 


2.  The  positive  charge  on  the  ring  is 
Q  =2nRX 

A  particle  with  a  positive  charge  q  is  projected 
towards  the  centre  O  of  the  ring  with  a  certain 
velocity  from  a  point  P  (lying  on  the  x-axis)  whose 
x-coordinate  is  x/3  R.  Due  to  repulsion  of  charge 
Q,  the  particle  will  keep  slowing  down.  Now,  at 
the  centre  O  of  a  ring,  carrying  charge,  the  electric 
field  is  zero.  Therefore,  the  force  on  the  particle 
will  be  zero  when  it  reaches  O.  It  will  then  stop 
there  and  will  not  return  to  P.  Let  v  be  the  smallest 
velocity  of  the  particle  when  it  is  at  P  which  is  just 
sufficient  to  take  it  to  O  where  it  comes  to  rest,  [see 
Fig.  20.81] 


The  total  energy  of  the  particle  at  point  P  is 
EP  =  KE  due  to  its  motion  +  PE  due  to  charge  Q 
on  the  ring 


Thus  the  value  of  n  =  2. 

3.  According  to  Gauss’s  theorem 


E  x  4  nr  =  —  = 
£o 


J  pdV  j  4nr2  pdr 


£o  £o 

where  q  is  the  charge  enclosed  inside  a  Gaussian 
sphere  of  radius  r.  If  £j  is  the  electric  field  at  r  = 
R/2,  then  [see  Fig.  20.82] 

x2  ,  R/2 


R 


E,  x  4n  —  =  — 

1  ■->  ~ 


1i\  /  z. 

f  2 

—  4nr  pdr 

C  J 


D0  o 

R!  2 


J  krar2dr 

o  o 

R/2 

J  r{a  +  2)dr 


£, 
4nk 


o 


Ank  l(a  +  3)|*/2 

£0(a  +  3)|r  lo 

4  nk  (R\a+i 

- x  — 

£q  (ct  +  3)  v  2  J 

4  nk  fR\a 

£0(a  +  3)R2  XUJ 
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Fig.  20.82 

If  E2  is  the  electric  field  at  r  =  R,  then 
E2  x  4kR2  =  —\ra  +  1)dr 


4nk  x(R)a  +  i 
e0(a  +  3) 


"  £0(a  +  3)  R2 

Given  —  =  - 

E2  8 

Hence 

4/c  r*r3  k 

- A  —  =  - rxW 

£0(a  +  3)7?2  \2J  8£0(t7  +  3)i?2 

=>  2(a  +  3)  =  32  =>  2(a  +  3)  =  (2)5  =>  a  =  2 

4.  Refer  to  Fig.  20.83. 


Fo  ? 


47T£na 


2  2 

q  q 


4 ne0  (yp2 a)  4te£0 

Net  force  on  side  AB  of  the  film  is 
F=  2Fl  +  2 F2  cos  45° 


4ne0a2  4K£02\f2a2 


47T£0  X  2 a 


4^£0a“  V  v2  2 

Force  on  AB  due  to  surface  tension  =  2 ya.  Hence 

q  2{2 +~rl  = 

4^£na2  V  V2  ) 


4  7t£0a 


^  °  k{  7  J 

where  A:  is  a  constant.  Hence  N  =  3 


Fig.  20.83 


Capacitance  and  Capacitor 


REVIEW  OF  BASIC  CONCEPTS 

21.1  j  CAPACITANCE _ 

When  a  conductor  is  given  a  charge  Q,  it  acquires  a  poten¬ 
tial  V  which  is  proportional  to  the  charge  given  to  it,  i.e. 

Q  oc  V  or  Q  =  CV  or  C  =  — 

where  C  is  a  constant  of  proportionality  and  is  called  the 
capacitance  which  is  defined  as  the  amount  of  charge  in 
coulomb  necessary  to  increase  the  potential  of  a  conductor 
by  1  volt.  The  SI  unit  of  capacitance  is  farad  (symbol  F) 


1  farad  = 


1  coulomb 


The  farad  is  a  large  unit.  More  practical  units  are  micro¬ 
farad  (pF)  and  picofarad  (pF). 

1  pF  =  10  6  F  and  1  pF  =  10  12  F 

21.2  j  ENERGY  OF  A  CHARGED  CONDUCTOR 

A  charged  conductor  has  electric  field  in  the  region  around 
it.  If  additional  similar  charge  is  given  to  the  conductor, 
work  has  to  be  done  against  the  electrical  repulsive  force. 
This  work  is  stored  in  the  form  of  potential  energy  which 
resides  in  the  electric  field.  If  a  charge  Q  is  given  to  a 
conductor  of  capacitance  C,  the  potential  energy  in  its 
electric  field  is  given  by 

O2  1  1 

U  =  —  =  -  QV=  -  CV2  (y  Q  =  CV) 
2C  2  2 


j  CAPACITANCE  OF  A  SINGLE  SPHERICAL 
2  ;  CONDUCTOR _ 

Consider  a  spherical  conductor  of  radius  r  having  a  charge 
Q.  Since  the  electric  field  is  normal  to  the  surface  of  the 
sphere,  the  lines  of  force  appear  to  originate  from  its  centre, 
i.e.  the  charge  Q  may  be  supposed  to  be  concentrated  at 
the  centre.  Therefore,  the  potential  is  given  by 

V  ■  '  .  ' 

4  ne0  r 

Since  C  =  y  ,  the  capacitance  of  the  sphere  is  given  by 
C  =  4  ne0r 

Thus,  the  greater  the  radius  of  the  sphere,  the  higher  is  its 
capacitance. 

21.4  I  CAPACITORS _ 

Any  isolated  system  of  two  conducting  bodies,  of  any 
shape  and  size,  separated  by  a  distance  is  called  a  capacitor. 
If  two  conductors,  carrying  equal  and  opposite  charge  Q 
have  a  potential  difference  V  between  them,  then 
Q=  CV 

where  C  is  the  capacitance  of  the  capacitor  and  its  value 
depends  on  the  size,  the  shape,  the  separation  between  the 
conductors  and  the  nature  of  the  medium  between  them.  If 
C0  is  the  capacitance  of  the  capacitor  when  the  medium  is 
air  (or  vacuum)  and  Cm  its  capacitance  when  the  medium 
is  a  dielectric  other  than  air,  then  the  dielectric  constant  of 
the  medium  is  given  by 

r 

K=  ^ 
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21.5  ■  EXPRESSIONS  FOR  CAPACITANCE 

_ I _ 

1.  Parallel  Plate  Capacitor 

The  capacitance  of  a  parallel  plate  capacitor  is  giv¬ 
en  by 


C  = 


K  e0  A 
~d 


where  A  is  the  area  of  each  plate  and  d  is  the  dis¬ 
tance  between  them.  K  is  dielectric  constant  of  the 
material  between  the  plates.  For  air  or  vacuum, 
K=  1. 

2.  Spherical  Capacitor 

A  spherical  capacitor  consists  of  a  solid  charged 
sphere  of  radius  a  surrounded  by  a  concentric  hol¬ 
low  sphere  of  radius  b.  Its  capacitance  is  given  by 


C  =  An  e0  K 


^  ab 

Kb  -  a , 

21.8  j 

_ L 

Cylindrical  Capacitor 
A  cylindrical  capacitor  consists  of  two  co-axial 
cylinders  and  its  capacitance  is  given  by 


C  = 


2  n  e0  K I 


log. 


where  I  is  the  length  of  each  cylinder  and  a  and  b 
are  the  radii  of  the  inner  and  outer  cylinders. 

4.  If  the  space  between  the  plates  of  a  parallel  plate 
capacitor  is  filled  with  two  media  of  thicknesses  dx 
and  d2  having  dielectric  constants  Kx  and  K2,  then 
the  capacitance  of  the  capacitor  is  given  by 


C  = 


£n  A 


d\  + 

K,  K, 


21.6  !  CAPACITORS  IN  PARALLEL  AND  SERIES 

_ I _ 

In  parallel  arrangement  of  capacitors,  the  potential 
difference  across  individual  capacitors  is  the  same  and 
the  total  charge  is  shared  by  them  in  the  ratio  of  their 
capacitances. 

Q  =  Q\  +  Qi  +  Qi  +  ••• 


and 


y=  Ql.  =  Ql.  -  Qi  - 

"  Q  c2  c3  ' 


c2  c3 
c=  cx  +  c2  +  c3  +  ... 

In  series  arrangement  of  capacitors,  the  charge  on  each 
capacitor  is  the  same  and  the  total  potential  difference  is 
shared  by  them  in  the  inverse  ratio  of  their  capacitances. 

q=c1v1  =  c2  v2  =  c3  v3  =  ... 

V=  Vy  +  V2+  V3+  ... 


Therefore,  the  effective  capacitance  of  the  combination 
is  given  by 

1  =  —  +  —  +  — 

C  ”  Q  C2  C3 

21.7  j  ENERGY  STORED  IN  A  CAPACITOR 

As  in  the  case  of  a  charged  conductor,  the  energy  stored 
in  a  capacitor  is  given  by 

U=  —  =  -  QV=  -  CV2 

2C  2  2 

where  Q  =  charge  on  each  plate  of  the  capacitor,  V  = 
potential  difference  between  plates  and  C  =  capacitance 
of  the  capacitor.  This  potential  energy  resides  in  the 
electric  field  in  the  medium  between  the  plates. 


LOSS  OF  ENERGY  ON  SHARING 
CHARGES 


If  two  charged  bodies  carrying  charges  Q  \  and  02  and 
having  capacitances  C,  and  C2  are  connected  with  each 
other,  then  their  common  potential  after  the  sharing  of 
charges  is  given  by 

Q\  +  02 


V  = 


C,  +C2 


Qv,+c2v2 

c,  +c. 


where  Vx  and  V2  are  the  initial  potentials  of  the  charged 
bodies.  The  loss  of  energy  is  given  by 


AE=  ' 
2 


c,  c2 


(^i  -  ^2? 


21.9 


(C,+C2) 

FORCE  BETWEEN  PLATES  OF  A  PARALLEL 
PLATE  CAPACITOR 


The  plates  of  a  capacitor  carry  equal  and  opposite  charges. 
Therefore,  they  exert  an  attractive  force  on  each  other 
which  is  given  by 


F  = 


Q 2 


2K £0  A 


The  force  per  unit  area  of  the  plates  is 


Q 1 


2  Ke0  A 


2  K  £„ 


where  <r  is  the  charge  per  unit  area. 


EXAMPLE  21.1 


A  parallel  plate  capacitor  of  capacitance  1 0  |xF  and  plate 
separation  0.5  mm  is  connected  to  a  20  V  battery. 

(a)  What  is  the  charge  on  each  plate? 

(b)  What  is  the  energy  stored  in  the  capacitor? 

(c)  What  is  the  electric  field  between  the  plates? 

(d)  If  the  battery  is  disconnected  and  then  the  plate 
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separation  is  doubled,  what  are  the  answers  to 
parts  (a),  (b)  and  (c)  above? 

(e)  If  the  battery  is  kept  connected  and  the  plate 
separation  is  doubled,  then  what  are  the  answers 
to  parts  (a),  (b)  and  (c)  above? 


SOLUTION 


(a)  Q  =  CV=  (10  x  lO^6)  x  20  =  200  x  lO^5  C  =  200  pC 

(b)  U=  ^  CV2=  ^  (10  x  10~6)  x  (20)2  =  2  x  10~3  J 


(c)  E=  ^  = 


20 


d  (o.5xlO“3) 


=  4  x  104  VnT1 


NOTE 


The  engery  is  stored  in  the  electric  held  between  the 
plates 

(d)  If  the  battery  is  disconnected,  the  charge  on  the 
plates  remains  the  same  but  the  potential  differ¬ 
ence  between  the  plates  will  charge.  If  the  sepa¬ 
ration  between  the  plates  is  doubled  capacitance 
becomes 

C'  =  ^  =  —  =  5  pF  =  5  x  10~6  F 
2d  2 

and  potential  difference  between  the  plates 
becomes 


r=  Q  _  200  pC 
C’  5  pF 


40V 


U'  =  -C'V'2  =  -  x  5  x  10~6  x  (40)2  =  4  x  1 0  3 J 
2  2 

Alternatively,  U'=  g_=(200xl°  )  =  4  x  10  3J 


2 C'  2  x  (5  x  10-6) 

40 


V' 

E'=  —  = 


d'  1x10 


-3 


=  4  x  104  Vm 


(e)  If  the  battery  is  kept  connected,  the  potential 
difference  between  the  plates  always  remains 
equal  to  the  emf  of  the  battery  and  hence  is  con¬ 
stant  =  20  V.  If  d  is  doubled, 

_  ,  £0  A  C 

Capacitance  becomes  C  =  - =  — 

2d  2 

=  5  pF  =  5  x  10~6  F 

Charge  becomes  Q"  =  C'V  5  x  10  6  x  20 

=  10^0 


1  , 

Energy  stored  becomes  U"  =  —  C'V 
=  i  x  5  x  10~6  x  (20)2  =  10  3J 


Electric  held  becomes  = 


V_ 

2d 


20 

~~  20  x  (0.5  x  10-3) 
=  2x  104  Vm-1 


EXAMPLE  21.2 


Find  the  charge  on  each  capacitor  shown  in  Fig.  2 1 . 1 . 
Given  Cj  =  2  pF,  and  C2  =  2  pF  and  C3  =  1  pF. 


C3 


— O  100  V  » 

Fig.  21.1 


SOLUTION 


■  The  capacitance  of  the  paral¬ 
lel  combination  of  C2  and  C3 
is  C'=  C2  +  C3  =  3  pF 

The  circuit  can  be  redrawn  as 
shown  in  Fig.  21.2. 

The  equivalent  capacitance  C 
of  series  combination  of  Cx 
and  C'is  given  by 


C-,  C' 


-^100  Vo 

Fig.  21.2 


1  =  J_  J_ 

c  ”  q  +  c 

=>  c=  C\C  =  =  L2  pF 

c,  +  c  2  +  3  5 

Let  Q{,  Q2  and  Q2  be  the  charges  on  C,,  C2,  and  C3 
respectively.  Since  C,  and  C'  are  in  series,  charge  on 
Cj  =  charge  on  C’  =  Qv  Let  V,  and  V  be  the  potential 
differences  across  Cl  and  C’  respectively.  Then 


But 


V'  C 

Q ,  =  C,V,  =  C’V  =>  —  =  ^- 
111  Fj  C' 

V1  +  V'  =  100.  Therefore 


2 

3 


V,+  j  V,  =  100  =>  V1  =  60  V 
Therefore  V'=  100  -  60  =  40  V.  Hence 


Qx  =  CjFj  =  2  pF  x  60  V  =  120  pC 

Since  C2  and  C3  are  in  parallel,  potential  difference 
V2  across  C2  =  potential  difference  V3  across  C3  =  V' 
=  40  V.  Therefore, 

Charge  on  capacitor  C2  =  C2V2  =  2  pF  x  40  V 
=  80  pC  and  Charge  on  capacitor  C3  =  C3F3 
=  1  pF  x  40  V  =  40  pC 

Thus  Q ,  =  120  pC,  Q2  =  80  pC  and  Q3  =  40  pC 
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EXAMPLE  21.3 


r 


In  the  network  shown  in  Fig  21.1  in  Example  21.2, 
find  the  total  energy  stored  in  the  network. 


SOLUTION 


Total  (equivalent)  capacitance  of  network  is 
C=  1.2  jllF  =  1.2x1  (T6 F. 

Total  potential  difference  across  the  network  is  V=  100  V. 
Therefore,  total  energy  stored  is 

U=  ^  CV2  =  ^  x  (1.2  x  10-6)  x  (100)2  =  6  x  10~3  J 

Notice  that 

u=  ux  +  U2  +  U3  =  |  C,  H2  +  \  C2V 2  +  \  C3vl 


EXAMPLE  21.4 


Two  capacitors  of  capacitances  C’,  and  C2  have  a  total 
capacitance  of  20  pF  when  connected  in  parallel  and 
a  total  capacitance  4.8  pF  when  connected  in  series. 
Find  C|  and  C2. 


SOLUTION 


Cj  +  c2  =  20 


C\C2 

C2+C2 


=  4.8 


(1) 

(2) 


C,C2  =  96  pF 


Using  (1)  in  (2)  we  get 

£lA.4,8  = 

20 

,  c2  -  * 

C, 

Using  this  in  (2)  we  get 

C\  -  20C,  +  96  =  0 

The  two  roots  of  this  equation  are  Cx  =  10  pF  and 
12  pF.  Hence  the  two  capacitors  have  capacitances  of 
10  pF  and  12  pF. 


EXAMPLE  21.5 


Four  capacitors  of  capacitances  C,  =  1  pF,  C2  =  2  pF, 
C3  =  3  pF  and  C4  =  4  pF  are  connected  as  shown  in 
Fig.  21.3. 

Ci  c3 


? 

^ 5  c 

B 

4 

1 _ 

_ 1 

1 

r 

10  V 

Fig.  21.3 


Find  the  potential  difference  across  C3  when 
(a)  switch  S  is  open  and  (b)  switch  S  is  closed. 


SOLUTION 


I 


(a)  When  switch  S  is  open  the  circuit  is  [see  Fig. 
21.4] 

Ci  c3  c 


A  „  B 
C 


10  V 


10  V 


Fig.  21.4 


C,  and  C3  are  in  series,  charge  on  C,  =  charge  on  C3  = 
Q  (say)  and  potential  difference  across  the  combina¬ 
tion  of  C[  and  C3  is  1 0  V. 

Q  =  C]Vl  =  C3V3  =>  CtVt  =  C3V3 

=>  V\  =  3  V3.  Also  F|  +  F3  =  10 

Hence  V3  =  2.5  V. 

(b)  When  switch  S  is  closed,  the  circuit  is  as  shown 
in  Fig.  21.5. 

Ci  C3 

M  M 

c  c" 

b' 


10  V 


10  V 


Fig.  21.5 

C'  =  1  +  2  =  3  pF 
C"  =  3  +  4  =  7  pF 

Since  C'  and  C"  are  in  series,  the  charge  on  C’  = 
charge  on  C" 

or  C’V'=  C'V"=>  3V' =  TV" 

IV" 

=>  V'=  — 

3 

Also  V'+  V"=  10  = 

=>  V"=  3  V 


7V" 


+  V"  =  10 


Since  C3  and  C4  are  in  parallel,  potential  difference 
across  C3  =  potential  difference  across  C4  =  3V. 


EXAMPLE  21.6 


In  Ex.  21.5  above,  find  the  energy  stored  in  the 
network  of  capacitors  shown  in  Fig.  21.3  when 
(a)  Switch  S  is  open  and  (b)  switch  S  is  closed. 
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SOLUTION 


(a)  Refer  to  Fig.  21.4.  The  equivalent  capacitance 
between  point  A  and  B  is 
C=C'  +  C" 


C,C3  +  C2C4 


Cj  +  c3  c2+  c4 

=  i^  +  ^  =  ^F^xlO-F 
(1  +  3)  (2  +  4)  12  12 

Energy  stored  is 

Ua  =  —  CV2  =  —  x  —  x  1CT6  x  (10)2  =  1 .04  x  KT4  J 
2  2  12 

(b)  Refer  to  Fig.  21.5.  The  equivalent  capacitance 
between  point  A  and  B  is 

C'  +  C"  3  +  7  10  10 


Ch  = 


Energy  stored  is 

Uh=  -ChV2  =  -x  — xl(T6  x(10)2  =  1.05xl(T*J 
b  2  b  2  10 


EXAMPLE  21.7 


Find  the  equivalent  capacitance  between  A  and  B 
in  the  circuit  shown  in  Fig.  21.6.  Given  C1  =  5  pF, 
C2  =  20  pF,  C3  =  10  pF,  C4  =  40  pF  and  C5  =  30  pF. 

P 


SOLUTION 


The  network  shown  in  the  figure  is  a  balanced  wheat- 
stone’s  bridge.  If  the  values  of  Cx,  C2,  C3  and  C4  are 
such  that  the  condition 

cL  =  cL 
c2  c4 

is  satisfied,  the  bridge  is  said  to  be  balanced.  The 
potential  at  P  =  potential  at  Q.  Since  the  potential 
difference  between  P  and  0  is  zero  (when  a  battery  is 
connected  across  A  and  B ),  the  capacitor  C5  is  inef¬ 
fective  as  no  charge  collects  on  its  plates. 


Flence  the  circuit  reduces  to  [see  Fig.  21.7] 


Fig.  21.7 


C  = 


c,c2 


5x20 


^ .//  _  c3c4 


Cj  +  C2  5  +  20 
10x40 


C3+C4  10  +  40 

CAB  =  C’  +  C"  =  12  pF 


=  4  pF 
=  8  pF 


NOTE 


For  an  unbalanced  Wheelstone’s  bridge  or  for  any  other 
more  complicated  combinations  of  capacitors,  it  is  not 
easy  to  find  the  equivalent  capacitance  using  the  formu¬ 
lae  for  series  and  parallel  combinations. 

For  such  cases,  we  should  use  the  following  procedure: 

(1)  Connect  an  imaginary  battery  between  the  points 
across  which  the  equivalent  capacitance  is  to  be 
found. 

(2)  Send  a  positive  charge  +  Q  from  the  positive  termi¬ 
nal  of  the  battery  and  equal  negative  charge  —Q  from 
the  negative  terminal. 

(3)  Write  the  charges  on  each  capacitor  plate  using  the 
principle  of  charge  conservation.  Let  Q\,Q2, ...  etc.  be 
the  charges  on  the  capacitors  in  the  network  and  Vu 
V2,...  etc.  be  the  respective  potential  differences. 

(4)  Use  Q  =  CV  for  each  capacitor.  Eliminate  QX,Q2, 
...  etc.  and  Vx,  V2,...  etc.  to  obtain  the  equivalent 

capacitance  Ceq  =  — ,  where  E  is  the  voltage  of  the 
battery 


EXAMPLE  21.8 


Find  the  equivalent  capacitance  between  A  and  B  in 
the  circuit  shown  in  Fig.  21 .8.  Given  C  =  5  pF. 

C  2  C 


SOLUTION 


Refer  to  Fig.  21.9. 
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Qij  |  — Qi  p~(Q~  Qi>,  +(Q  -  Qi) 


1  1 

C 

1  1 

2C 

C~ 

p 

i 

p 

B 

-(2Qi  -  Q) 

2  C 

_ 1  1 _ 

C 

_ 1  1 _ 

(Q-  Qfl1  '-(Q-Q!) 

R  +Q-|'  1  -Qi 

- |  — 

E 

Fig.  21.9 


Let  us  imagine  a  battery  of  emf  E  connected  between 
A  and  B.  Let  the  positive  terminal  send  a  charge 
+0  and  let  negative  terminal  send  a  charge  — 0. 
The  distribution  of  charges  on  the  capacitor  plates 
is  shown  in  the  figure  using  the  principle  of  charge 
conservation.  Then 

Va-Vb=(Va-Vp)  +  (Vp-Vb) 

=>  s=a  +  (fizO) 

C  2  C 

=>  2 CE  =  20!  +  (0  -  0!)  =  0!  +  0  (1) 


Also  Va 


Vb  =  (Va 

a 


VP)  +  (VP 


VR)  +  (VR 
Qi 


Vb) 


E  =  —  +  (20.  ~  0)  + 

C  C  C 

=>  CE  =  0!  +  (20!  -  0)  +  0!  =  40! 

Eliminating  0,  from  (1)  and  (2),  we  get 


Q  (2) 


0  = 


ICE 


_  0  _  7C  7  x  5  pF 

[v  C  =  5  pF  (given)] 


Charge  on  the  R.Fl.S.  plate  of  Cj  and  upper  plate  of 

Cl 


C2is 


4 

0  =  CE  =  -  pF  x  3V=  4  pC 

When  switch  5  is  closed,  the  potential  difference 
across  Cj  is  zero,  because  the  batteries  in  opposition. 
Therefore,  charge  on  the  R.  FI.  S.  plate  of  Cj  =  0.  If 
the  charge  flowing  through  B  is  q,  then 
0  +  7=0 

=>  q  =  ~Q  =  -4\i  C 


Now  the  charge  on  the  upper  plate  of  C2  =  C2E 
=  4  pF  x  3V  =12  pC,  which  is  the  charge  flowing 
through^. 


EXAMPLE  21.10 


The  circuit  shown  in  Fig.  21.11  consists  of  four 
capacitors  Cj,  C2,  C3,  and  C4  each  of  capacitance 
4  pF  and  a  battery  of  emf  E  =  5  V.  Find  the  potential 
difference  between  A  and  B. 


Q  B 


EXAMPLE  21.9 


The  circuit  shown  in  Fig.  21.10  consists  of  two  ca¬ 
pacitors  C i  =  2  pF  and  C2  =  4  pF  and  two  batteries, 
each  of  emf  E  =  3  V.  Find  the  charge  flowing  through 
points  A  and  B  when  switch  S  is  closed 


SOLUTION 


When  switch  S  is  open,  the  equivalent  capacitance 
is 


qc2  2x4  _  4 
Cl  +  C2  ”  (2  +  4)  ”  3 


Fig.  21.11 


SOLUTION 


Capacitors  C3  and  C4  are  in  series,  their  equivalent 
capacitance  is 


C'  = 


c\c\ 


3^4 


4x4 


2pF 


(C3  +C4)  (4  +  4) 

C'  is  in  parallel  with  C2. 
Their  equivalent  capacitance 


is 


C"  =  C2  +  C  =  4  +  2  =  6  pF 


Fig.  21.12 
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Hence  the  circuit  can  be  redrawn  as  shown  in  Fig.  21.12. 
If  Vl  is  the  p.d.  across  C,  and  V"  across  C" ,  then 
(since  they  are  in  series) 

C,  V,  =  C"  r 

3V" 

=>  4Vj  =  6V'  =>  Vj  =  - 


But  V,  +  V"  =  E  =  5  Hence 
3  V" 

- +  V"=  5  =>  V"  =  2V 

2 

Thus  the  p.d.  between  P  and  0  =  2V.  By  symmetry  of 
C3  and  C4,  the  p.d.  between  A  and  B-  IV. 


EXAMPLE  21.11 


Three  capacitors  C,  =  1  pH,  C2  =  2  pF  and  C3  =  3  pF 
are  connected  as  shown  in  Fig.  21.13.  Find  the  equiv¬ 
alent  capacitance  between  points  A  and  B. 


C  i  C2 


C3 


A  + 


Fig.  21.13 


SOLUTION 


Refer  to  Fig.  21.14. 

Plate  1  of  C, ,  plate  4  of  C2  and  plate  5  of  C3  are  con¬ 
nected  to  point  A.  Plate  2  of  Cu  plate  3  of  C2  and  plate 
6  of  C3  are  connected  to  point  B.  Thus  Cu  C2  and  C3 
are  connected  in  parallel.  Therefore,  the  equivalent 
capacitance  Ceq  between  point  A  and  B  is  given  by 

Ceq=cl  +  c2  +  c3 

=  l+  2  +  3  =  6  pF 


l1  '2 


3  '4 


5'  '6 


Fig.  21.14 


Ci 


;  CAPACITANCE  OF  DIELECTRIC  FILLED 
1  CAPACITORS _ 


(i)  Capacitors  as  shown  in  Fig.  21.15 


Fig.  21.15 
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(a)  Capacitor  with  air  as  dielectric  [Fig.  21.15(a)] 

c  =  £oA 
0  d 

(b)  Capacitor  completely  filled  with  a  dielectric  of 
dielectric  constant  AT  [Fig.  21.15(b)] 


C  =  KC0 


Ke0A 

d 


(c)  Capacitor  filled  with  two  dielectrics  as  shown  in 
Fig.  21.15  (c) 

Capacitance  of  upper  dielectric  is 


C,  = 


_  Kx£qAl  2  _  Kxe0A 
d  2d 


K2e0A 


Capacitance  of  lower  dielectric  is  C2  = 

Since  positive  plates  of  Cx  and  C2  are  connected 
together,  Cx  and  C2  are  in  parallel.  Flence  the  ca¬ 
pacitance  of  combination  is 


C  =  C,  +  C2  = 

1 


K,  +  K,  \  £r\A 


d 


^eq£0A 

d 


where  Keq  =  —  (K]  +  K2)  is  the  equivalent  dielectric 
constant 

(d)  Capacitor  filled  with  three  dielectrics  as  shown  in 
Fig.  21.15  (d) 

Kca£0A 

c  =  c,  +  c,  +  c2  =  q 

123  d 
Where  Keq  =  +  ^  +K*A* 

(A  +  A  +  A ) 

(e)  Capacitor  partly  filled  with  a  dielectric  as  shown  in 
Fig.  21.15(e) 


£0A 


Cn 


r  t 

r  tfi  x\ 

d  —  t  H - 

i  +  -  — -l 

L 

d\K  J 

C  = 


Where  C0  =  .If  t  =  d,C  =  KC0  as  in  Fig.  2 1 . 1 5  (b) 
d 

(f)  Capacitor  filled  with  two  dielectrics  as  shown  in 
Fig.  21.15(f) 


Capacitance  of  the  left  capacitor  is  Cx  = 


Kx£qA 


Capacitance  of  the  right  capacitor  is  C2  = 


K2£0A 


Since  Cx  and  C2  are  in  series,  the  capacitance  of  the 
combination  is 


C  = 


C\C2 

C,  +  C, 


kxk2£02a2 


t\t2  £oA 


fKL+K2^ 
\h  h  J 


C  = 


Where 


K. 


K, 


cq  = 
d 

eq 


h  +t2 


K,,„  = 


K,K2£QA 
(K\t2  +  K2tx) 

k^k2 

(Kxt2  +  K2tx ) 

K\!<2 

(Kxt2  +  K2tx ) 

K\K2  {t\  + 12 ) 


_  K^A 

d 


(’•’  d  tx  +  t2) 


q  (Kxt2  +  K2tx ) 

(g)  Capacitor  filled  with  two  dielectrics  as  shown  in 


Fig.  21.15(g) 


Where 


Q  = 


c  = 


Keq  = 


2  Kx£0A 
d 

c,c2 

(C,+C2) 

2KxK2 


Q  = 


2  K2£0A 


d 


_  Koq£0A 

d 


(Kl+K2) 

(h)  Capacitor  filled  with  three  dielectrics  as  shown  in 
Fig.  21.13(h) 

Capacitors  with  Kx  and  K2  are  in  parallel  and  this 
combination  is  in  series  with  the  capacitor  with  K3 

K  £  A 

C  =  — cq  0  ,  Where  K  is  given  by 


d 


K. 


■  +  - 


cq 


{Kx+K2)  2K, 


;  CHARGING  AND  DISCHARGING  OF  A 
2__  ;  CAPACITOR  THROUGH  A  RESISTANCE 

Consider  a  capacitor  of  capacitance  C  connected  in  series 
to  a  resistor  R  and  a  battery  of  emf  E  and  negligible  in¬ 
ternal  resistance  through  a  two-way  key  as  shown  in  Fig. 
21.16. 


Fig.  21.16 

Growth  of  Charge  The  battery  is  introduced  in  the  circuit 
by  connecting  terminals  1  and  2  of  the  key.  Initially,  i.e. 
when  t  =  0,  the  charge  on  the  capacitor  plates  is  zero.  As 
time  passes,  the  charge  flows  into  the  capacitor  plates 
and  the  potential  difference  q/C  (q  is  the  charge  at  any 
time  t )  between  the  plates  rises.  The  charge  on  the  plates 
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of  the  capacitor  rises  till  the  potential  difference  between 
the  plates  becomes  E.  The  maximum  charge  collected  is 
q0  =  CE.  At  this  stage  the  current  in  the  circuit  becomes 
zero. 

The  growth  of  charge  on  the  capacitor  plates  as  a  function 
of  time  is  given  by 

q=q o  (1  -  e~tlRC)  (1) 

It  is  clear  that  the  charge  rises  exponentially  to  a  steady 
state  maximum  value  q0  as  shown  in  Fig.  21.17  (a). 


Fig.  21.17 


The  behaviour  of  current  as  a  function  of  time  t  is  given 
by 


,  dq  T 

I  =  -  =  lne 

dt  0 


-t/RC 


where  70  =  E/R  is  the  maximum  current.  Therefore,  the 
current  decreases  exponentially  from  its  maximum  value 
70  to  zero  as  shown  in  Fig.  21.17  (b). 


Decay  of  Charge  When  the  charge  has  attained  a  steady 
value  EC,  the  battery  is  short-circuited  by  connecting  the 
terminals  1  and  3  of  the  key  K.  In  such  a  situation  the 
capacitor  starts  discharging  through  the  resistor,  i.e.  the 
charge  on  the  capacitor  starts  flowing  back  through  the 
resistor.  The  direction  of  the  current  is,  therefore,  reversed 
as  shown  by  the  broken  arrow  in  Fig.  21.16. 

The  decay  of  charge  with  time  is  given  by 


q  o 


~t!RC 


q  o 


-tlx 


Time  Constant  The  product  RC  has  the  dimensions  of 
time.  If  C  is  in  farad  and  R  in  ohm,  the  product  CR  will 
be  in  seconds.  Writing  RC=  fin  Eq.  (1)  we  have 

q  =  7o  ( 1  e~l/T) 

At  time  t  =  T, 

?- ?o  (r t1  - rTTiJ  =  °-63‘'o 

Thus  the  time  constant  r  of  a  CR  circuit  may  be 
defined  as  the  time  during  which  the  charge  on  the 
capacitor  grows  from  zero  to  0.63  of  its  maximum  value 
q0.  Whether  the  charge  grows  quickly  or  slowly  depends 
on  the  value  of  the  time  constant,  i.e.  on  the  values  of  R 
and  C.  If  the  product  CR  (i.e.  the  time  constant)  is  very 
small,  the  charge  grows  quickly. 


Figure  21.18  shows  the  decay  of  charge  with  time. 

At  time  t=  T,q  =  q0e~1  =  0.368  q0.  Thus  in  a  time  t=  T, 
the  time  constant,  the  charge  on  the  capacitor  decays  to 
0.368  of  its  initial  value  q0.  So  the  charge  decays  expo¬ 
nentially  with  time  t.  Whether  the  charge  decays  slowly  or 
quickly  depends  on  the  value  of  the  time  constant  RC. 


Fig.  21.18 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  spherical  capacitor  consists  of  an  inner  sphere 
of  radius  r,  =  r  and  the  outer  sphere  of  radius 
r2  =  2  r.  The  capacitance  is  C,  when  the  inner 
sphere  is  charged  and  the  outer  sphere  is  earthed 
and  C2  when  the  inner  sphere  is  earthed  and  the 
outer  sphere  is  charged.  The  ratio  CfC2  is 

(a)  i  0»  \ 

(c)  2  (d)  3 

2.  In  the  circuit  shown  in  Fig.  21.19,  Cx  =  3  pF  and 
C2  =  9  pF.  The  charge  on  capacitor  C2  is 


(a)  9  pC  (b)  18  pC 

(c)  27  pC  (d)  81  pC 


Fig.  21.19 
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3.  Three  capacitors,  each  of  capacitance  C  are  con¬ 
nected  to  a  battery  of  voltage  F.  When  key  K  is 
closed,  the  charge  which  will  flow  through  the  bat¬ 
tery  is  (see  Fig.  21.20) 

(a)  2  CV  (b)  CV 


v 

Fig.  21.20 


4.  In  the  circuit  shown  in  Fig.  21 .21 ,  when  the  steady 
state  is  reached,  the  energy  stored  in  Cx  is  Es  and 
that  stored  in  C2  is  E-,.  The  ratio  E2/El  is 
(a)  1.5  “  (b)  1.25 

(c)  0.75  (d)  0.5 


B 


6V 

Fig.  21.21 


5.  A  capacitor  of  capacitance  5  pF  is  fully  charged 
by  a  120  V  battery.  The  battery  is  disconnected. 
If  an  additional  charge  of  +  200  pC  is  given  to  the 
positive  plate,  the  potential  difference  between  the 
capacitor  plates  will  be 

(a)  100  V  (b)  120  V 

(c)  140  V  (d)  160  V 

6.  A  solid  metallic  sphere  of  radius  r  is  enclosed  by  a 
thin  metallic  shell  of  radius  2  r.  A  charge  q  is  given 
to  the  inner  sphere.  When  the  inner  sphere  is  con¬ 
nected  to  the  shell  by  a  metal  wire,  the  heat  energy 
generated  in  it  is  given  by 


(a) 

q 

(b) 

q 

ne0r 

4  n  e0r 

(c) 

q2 

(d) 

q2 

8  7te0r 

16  K£0r 

7.  A  solid  metallic  sphere  of  radius  r  is  charged  to  a 
voltage  V.  It  is  enclosed  by  a  thin  spherical  shell  of 
voltage  2  F.  If  q  is  the  charge  on  the  sphere  and  the 
shell,  the  potential  difference  between  them  will  be 


(a)  —  (b)  F 


(c)  - 
2 

2F 
(d)  — 

3 

Two  parallel  plate  capacitors  of  capacitances  C  and 
2  C  are  connected  in  parallel  and  charged  to  a  po¬ 
tential  difference  Fby  a  battery.  The  battery  is  then 
disconnected  and  the  space  between  the  plates  of 
capacitor  of  capacitance  C  is  completely  filled  with 
a  material  of  dielectric  constant  K.  The  potential 

difference  across 

the  capacitors  now  becomes 

F 

K  + 1 

2F 

(b) 

K  +  2 

3F 

(c) 

K  +  2 

3F 

(d) 

K  +  3 

<  IIT,  1987 

A  parallel  plate  capacitor  of  plate  area  A  has  a  charge 
Q.  The  force  on  each  plate  of  the  capacitor  is 

(a) 

£0A 

Q2 

(b) 

£0A 

Q2 

(c) 

2  £0A 

(d)  zero 

10.  If  n  drops,  each  of  capacitance  C,  coalesce  to  form 
a  single  big  drop,  the  capacitance  of  the  big  drop 
will  be 

(a)  n2C  (b)  nC 

(c)  nmC  (d)  nmC 

11.  If  n  drops,  each  of  capacitance  C  and  charged  to  a 
potential  F,  coalesce  to  form  a  big  drop,  the  ratio 
of  the  energy  stored  in  the  big  drop  to  that  in  each 
small  drop  will  be 

(a)  n  :  1  (b)  «4/3  :  1 

(c)  n 5/3  :  1  (d)  n2  :  1 

12.  A  parallel  plate  capacitor  is  made  by  stacking  10 
identical  metallic  plates  equally  spaced  from  one 
another  and  having  the  same  dielectric  between 
plates.  The  alternate  plates  are  then  connected.  If 
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the  capacitor  formed  by  two  neighbouring  plates 
has  a  capacitance  C,  the  total  capacitance  of  the 
combination  will  be 


(a)  — 

10 

(c)  9  C 


(d)  10  C 


13.  Figure  21 .22  shows  three  capacitors  connected  to  a 
6  V  power  supply.  What  is  the  charge  on  the  2  p  F 
capacitor? 

(a)  1  pC 

(b)  2  pC 

(c)  3  pC 

(d)  4  pC 

14.  Figure  21.23  shows  five 
capacitors  connected 
across  a  12  V  power  sup¬ 
ply.  What  is  the  charge 
the  2  p  F  capacitor? 


1  |iF  2  nF  3^F 


6  nF 


1  pF  2  (iF 


6|iF 


3  |iF 


•12V* 


Fig.  21.23 

(a)  6  pC  (b)  8  pC 

(c)  10  pC  (d)  12  pC. 

15.  A  capacitor  of  capacitance  C  is  fully  charged  by  a 
200  V  supply.  It  is  then  discharged  through  a  small 
coil  of  resistance  wire  embedded  in  a  thermally 
insulated  block  of  specific  heat  2.5  x  102  J  kg~'  KT1 
and  of  mass  0.1  kg.  If  the  temperature  of  the  block 
rises  by  0.4  K,  what  is  the  value  of  C? 

(a)  500  pF  (b)  400  pF 

(c)  300  pF  (d)  200  pF 

16.  A  capacitor  is  charged  by  using  a  battery  which 
is  then  disconnected.  A  dielectric  slab  is  then 
introduced  between  the  plates  which  results  in  the 

(a)  reduction  of  charge  on  the  plates  and  increase 
of  potential  difference  across  the  plates 

(b)  increase  is  the  potential  difference  across  the 
plates  and  reduction  in  stored  energy  but  no 
change  in  the  charge  on  the  plates 

(c)  decrease  in  the  potential  difference  across  the 
plates  and  reduction  in  the  stored  energy  but 
no  change  in  the  charge  on  the  plates 

(d)  none  of  these 

<  IIT,  1987 


1 7.  The  capacitance  of  a  parallel  plate  capacitor  is  5  pF. 

When  a  glass  slab  of  thickness  equal  to  the  separa¬ 
tion  between  the  plates  is  introduced  be-tween  the 
plates,  the  potential  difference  reduces  to  1/8  of  the 
original  value.  The  dielectric  constant  of  glass  is 
(a)  1.6  (b)  5 

(c)  8  (d)  40 

18.  The  plates  of  a  parallel  plate  capacitor  are  charged 
to  1 00  V.  A  2  mm  thick  plate  is  inserted  between 
the  plates.  Then  to  maintain  the  same  potential 
difference,  the  distance  between  the  capacitor  plates 
is  increased  by  1 .6  mm.  The  dielectric  constant  of 
the  plate  is 

(a)  5  (b)  1.25 

(c)  4  (d)  2.5 

19.  Four  capacitors  are  connected  as  shown  in 
Fig.  21.24.  The  effective  capacitance  between 
points  A  and  B  will  be 

2  fiF  12  |rF 


Fig.  21.24 

28 

(a)  —  pF  (b)  4  pF 

(c)  5  pF  (d)  18  pF 

20.  A  parallel  plate  capacitor  of  value  1 .77  pF  is  to  be 
designed  using  a  dielectric  material  (dielectric  con¬ 
stant  200,  breakdown  strength  of  3  x  106  Vnrt1).  In 
order  to  make  such  a  capacitor,  which  can  withstand 
a  potential  difference  of  20  V  across  the  plates,  the 
separation  d  between  the  plates  and  the  area  A  of  the 
plates  can  be  (£0  =  8.85x  10_12C2N_1  nT2) 

(a)  d  =  10~6  m,  A  =  1(T3  nr2 

(b)  d  =  1(T5  m,  A  =  1CT2  m2 

(c)  d  =  1CT4  m,  A  =  1CT4  m2 

(d)  d  =  1(T4  m ,A  =  1CT5  m2 

g  IIT,  1994 

21.  A  parallel  plate  capacitor  of  capacitance  C  is  con¬ 
nected  to  a  battery  and  is  charged  to  a  potential 
difference  V.  Another  capacitor  of  capacitance  2 C 
is  similarly  charged  to  a  potential  difference  2  V. 
The  charging  battery  is  then  disconnected  and  the 
capacitors  are  connected  in  parallel  to  each  other 
in  such  a  way  that  the  positive  terminal  of  one  is 
connected  to  the  negative  terminal  of  the  other.  The 
final  energy  of  the  configuration  is 
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(a)  zero  (b)  ^  CV2 

(c)  ^  CV2  (d)  9-  CV2 

o  2 

<  IIT,  1995 

22.  The  magnitude  of  electric  field  E  in  the  annular 
region  of  a  charged  cylindrical  capacitor 

(a)  is  the  same  throughout 

(b)  is  higher  near  the  outer  cylinder  than  near 
the  inner  cylinder 

(c)  varies  as  -  where  r  is  the  distance  from  the 

r 

axis 

(d)  varies  as  -y  where  r  is  the  distance  from 

r 1 

the  axis. 


<  IIT,  1996 

23.  A  parallel  combination  of  0.1  MQ  resistor  and  a 
10  pF  capacitor  is  connected  across  a  1.5  V  source 
of  negligible  resistance.  The  time  (in  seconds) 
required  for  the  capacitor  to  get  charged  up  to  0.75  V 
is  approximately 

(a)  °o  (b)  loge2 

(c)  log102  (d)  zero 

<  IIT,  1997 


24.  A  dielectric  slab  of  thickness  d  is  inserted  in  a  paral¬ 
lel  plate  capacitor  whose  negative  plate  is  at  x  =  0 
and  positive  plate  is  at  x  =  3 d.  The  slab  is  equidis¬ 
tant  from  the  plates.  The  capacitor  is  given  some 
charge.  As  x  goes  from  0  to  3d, 

(a)  the  magnitude  of  the  electric  field  remains 
the  same 

(b)  the  direction  of  the  electric  field  changes 
continuously 

(c)  the  electric  potential  increases  continuously 

(d)  the  electric  potential  increases  at  first,  then 
decreases  and  again  increases. 


<  IIT,  1998 

25.  Two  identical  metal  plates  are  given  positive 
charges  Qx  and  02  (<  Qx)  respectively.  If  they  are 
brought  close  together  to  form  a  parallel  plate  ca¬ 
pacitor  with  capacitance  C,  the  potential  difference 
between  them  is 

Q\  +  Qi 


(a) 

Q\  +  Qi 

2  C 

(b) 

(c) 

Q\  ~  Qi 
c 

(d) 

C 

Q\  ~  Qi 

2  C 


<  IIT,  1999 


26.  For  the  circuit  shown  in  Fig.  21.25,  which  of  the 
following  statements  is  true? 

(a)  With  5!  closed,  =  15V,  V2  =  20  V 

(b)  With  S3  closed,  Vx  =  V2  =  25  V 

(c)  With  S,  and  S2  closed  Vx  =  V2  =  0 

(d)  With  Sx  and  53  closed  =  30  V 

and  V2  =  20  V 

Si  s3 

- * - y  - *- 

Vi  =  30  V  V,2=  20  V 

-  Ci=  2  pF  C2=  3  pF 


■  IIT,  1999 

s2 


Fig.  21.25 

27.  Aparallel  plate  capacitor  of  area^4,  plate  separation 
d  and  capacitance  C  is  filled  with  three  different  di¬ 
electric  materials  having  dielectric  constants  K x,  K2 
and  as  shown  in  Fig.  21.26.  If  a  single  dielectric 
material  is  to  be  used  to  have  the  same  capacitance 
C  in  this  capacitor,  then  its  dielectric  constant  K  is 
given  by 


,  x  1  1  1 

(a)  —  -  —  +  —  + 


K 


K , 


K , 


2  K, 


o)k-  1 


K  Kx+K2 


2KX 


(c)  K  = 


k^k2 

Kx+K2 


2 K, 


(d)  K  =  Kx  +  K2  +  K3 


IIT,  2000 

28.  The  effective  capacitance  of  two  capacitors  of 
capacitances  Cx  and  C2  (with  C2  >  Cx)  connect- 
25 

ed  in  parallel  is  —  times  the  effective  capaci¬ 
tance  when  they  are  connected  in  series.  The  ratio 
eye,  is 


(a) 

3 

2 

(b) 

(c) 

5 

3 

(d) 

4 

3 

25 

~6~ 
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29.  Consider  the  situation  shown  in  Fig.  21.27.  The 
capacitor  A  has  a  charge  q  on  it  whereas  B  is 
uncharged.  The  charge  appearing  on  the  capacitor 
B  a  long  time  after  the  switch  is  closed  is 


Q 

+  - 

+  - 

+  - 

+  - 

s 

+  - 

+  - 

A 

B 

Fig.  21.27 

(a)  zero  (b)  q/2 

(c)  q  (d)  2 q 

<  IIT,  200 1 

30.  Two  identical  capacitors,  have  the  same  capacitance 
C.  One  of  them  is  charged  to  potential  fj  and  the 
other  to  V2.  The  negative  ends  of  the  capacitors  are 
connected  together.  When  the  positive  ends  are  also 
connected,  the  decrease  in  energy  of  the  combined 
system  is 

(a)  i  C(fj  -  V2)  (b)  i  C(V\  +  V22) 

(c)  i  C(V ,  -  V2)2  (d)  i  C(V i  +  V2)2 

<  IIT,  2002 

31.  If  the  charge  on  a  capacitor  is  increased  by  2  cou¬ 

lomb,  the  energy  stored  in  it  increases  by  21%.  The 
original  charge  on  the  capacitor  (in  coulomb)  is 
(a)  10  (b)  20 

(c)  30  (d)  40 

32.  Figure  21.28  shows  a  network  of  capacitors  where 
Cl  =  C2  =  C3  =  C4  =  4\xF  and  C5  =  5  |xF.  The  equiva¬ 
lent  capacitance  between  points  A  and  B  is 

(a)  4  pF  (b)  5  pF 

(c)  16  pF  (d)  20  pF 

c2 


A 

_ 1 

1 

1 

L 

1 

C 

'1 

c 

'5  . 

i 

1 _ 

r 

1 

c3 

Fig.  21.28 


33.  The  potential  difference  between  points  A  and  B  in 
the  circuit  shown  is  Fig.  21.29  is 
(a)  6  V  (b)  2  V 

(c)  10  V  (d)  14  V 


V-]  —  12V 


T  C2  -  2  pF 


V2  =  2  V  B 


Fig.  21.29 


34.  An  electric  field  of  200  VnT1  exists  in  the  region 
between  the  plates  of  a  parallel  plate  capacitor  of 
plate  separation  5  cm.  The  potential  difference 
between  the  plates  when  a  slab  of  dielectric  con¬ 
stant  4  and  thickness  1  cm  is  inserted  between  the 
plates  is 

(a)  7.5  V  (b)  8.5  V 

(c)  9.0  V  (d)  10  V 

35.  A  parallel  plate  capacitor  is  maintained  at  a  cer¬ 
tain  potential  difference.  When  a  dielectric  slab  of 
thickness  3  mm  is  introduced  between  the  plates, 
the  plate  separation  had  to  be  increased  by  2  mm 
in  order  to  maintain  the  same  potential  difference 
between  the  plates.  The  dielectric  constant  of  the 
slab  is 


(a)  2  (b)  3 

(c)  4  (d)  5 

36.  A  capacitor  of  capacitance  Cj  is  charged  by  con¬ 
necting  it  to  a  battery.  The  battery  is  now  removed 
and  this  capacitor  is  connected  to  a  second  un¬ 
charged  capacitor  of  capacitance  C2.  If  the  charge 
distributes  equally  on  the  two  capacitors,  the  ratio 
of  the  total  energy  stored  in  the  capacitors  after 
connection  to  the  total  energy  stored  in  them  before 
connection  is 


(a)  1 

(b) 

(c)7i 

(d) 

37.  Four  metal  plates  numbered  1,  2,  3  and  4  are 
arranged  as  shown  is  Fig.  21.30.  The  area  of  each 
plate  is  A  and  the  separation  between  adjacent  plates 
is  d.  The  capacitance  of  the  arrangement  is 


(a) 


£oA 

d 


(C) 


3  e0A 

~v~ 


(b) 


(d) 


2  £0A 
d 

4£qA 

d 
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38.  Four  metal  plates  numbered  1,  2,  3  and  4  are 
arranged  as  shown  in  Fig.  21.31.  The  area  of  each 
plate  is  A  and  the  separation  between  the  plates  is 
d.  The  capacitance  of  the  arrangement  is 


Fig.  21.31 


39.  A  capacitor  of  capacitance  Cx  =  1.0  pF  can  with¬ 
stand  a  maximum  voltage  V,  =  6.0  kV.  Another  ca¬ 
pacitor  of  capacitance  C2  =  2.0  pF  can  withstand  a 
maximum  voltage  V2  =  4.0  kV.  If  the  capacitors  are 
connected  in  series,  the  combination  can  withstand 
a  maximum  voltage  of 

(a)  10  kV  (b)  9  kV 

(c)  8  kV  (d)  6  kV 

40.  A  leaky  parallel  plate  capacitor  is  completely  filled 

with  a  material  having  dielectric  constant  AT  and  con¬ 
ductivity  <7.  The  time  constant  of  the  capacitor  is 

(a)  (b) 

a  Ke0 


(c)  —  (d)  h. 

£o  Ko 

41.  The  introduction  of  a  metal  plate  between  the 
plates  of  a  parallel  plate  capacitor  increases  its 
capacitance  by  4.5  times.  If  d  is  the  separation  of 
the  two  plates  of  the  capacitor,  the  thickness  of  the 
metal  plate  introduced  is 


(a) 

(c) 


d_ 

3~ 

Id 

~9 


(b) 


5  d 
~9 


(d)  d 


42.  If  the  potential  difference  between  the  plates  of  a 
capacitor  is  increased  by  20%,  the  energy  stored  in 
the  capacitor  increases  by  exactly 


(a)  20%  (b)  22% 

(c)  40%  (d)  44% 


43.  If  the  potential  difference  between  the  plates  of  a 
capacitor  is  increased  by  0.1%,  the  energy  stored  in 
the  capacitor  increases  by  very  nearly 

(a)  0.1%  (b)  0.11% 

(c)  0.144%  (d)  0.2% 

44.  Three  capacitors  connected  in  series  have  an 
effective  resistance  of  2  pF.  If  one  of  the  capacitors 
is  removed,  the  effective  resistance  becomes  3  pF. 
The  capacitance  of  the  capacitor  that  is  removed  is 

(a)  1  pF  (b)  |  pF 

(c)  |  pF  (d)  6  pF 


45.  The  equivalent  capacitance  between  points  A  and 
B  in  the  network  shown  in  Fig.  21.32  is  (C,  =  2  pF 
and  C2  =  3  pF) 

(a)  1  pF  (b)  2  pF 

(c)  3  pF  (d)  4  pF 


c2 


c2 


c2 


c2 


Hi - 

- 11 - 

r — H - 

-C,  = 

- II - 

HI - 

-  m  — 

, - H - 

c2 


c2 


Fig.  21.32 


46.  The  time  constants  in  microsecond  of  circuits  1,  2 
and  3  shown  in  Fig.  21 .33  respectively  are  (here  Rx 
=  1  Q,  R2  =  2  Q  ,  C,  =  2  pF,  C2  =  4  pF) 


Fig.  21.33 


(a)  4,  8/9,  18  (b)  4,  18,  8/9 

(c)  18,  8/9,  4  (d)  18,  4,  8/9 

<  IIT,  2006 

47.  A  capacitior  of  capacitance  Cx  =  C  is  charged  to 
a  voltage  V.  It  is  then  connected  in  parallel  with  a 
series  combination  of  two  uncharged  capacitors  of 
capacitances  C2  =  C  and  C3  =  C.  The  charge  that 
will  flow  through  the  connecting  wires  is 


(a)  ^ 

3 

(c)  CV 


(b) 


2CV 

3 


(d)  zero 
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48.  The  capacitance  of  a  sphere  of  radius  is  increased 

3  times  when  it  enclosed  by  an  earthed  sphere  of 
The  ratio  RJR,  is 

3 

(b)  - 


radius  R2. 
(a)  2 


(c)  - 
3 


(d)  3 


49.  A  perallel  plate  rapacitor  of  plate  area  A  and  plate 
separation  d  is  charged  by  a  battery  of  voltage  V. 
The  battery  is  then  disconnected.  The  work  needed 
to  pull  the  plates  to  a  separation  2d  is 


(a) 

AV\ 

(b) 

2  AV2£0 

L 

d 

d 

(c) 

AV2e0 

(d) 

3  AV2£0 

(a)  6£»" 

5  d  +  3  Vt 

2d 

2d 

50.  One  plate  of  a  parallel  plate  capacitor  of  plate  area 
A  and  plate  separation  d is  connected  to  the  positive 
terminal  to  a  battery  of  the  voltage  V.  The  negative 
terminal  of  the  battery  and  the  other  plate  of  the 
ceapacitor  are  earthed  as  shown  in  Fig.  21 .34.  The 
charge  that  flows  from  the  battery  to  the  capacitor 
plates  is 


(a) 


zero 

(b) 

Vd 

— 

(d) 

£0A 

e0AV 

d 

£o AV_ 
2d 


Fig.  21.34 

51.  A  parallel  plate  capacitor  C  with  plates  of  unit  area 
and  separation  d  is  filled  with  a  liquid  of  dielectric 


d 

constant  K  =  2.  The  level  of  liquid  is  —  initially. 

Suppose  the  liquid  level  decreases  at  a  constant 
speed  V,  the  time  constant  as  a  function  of  time  t  is 
[see  Fig.  21.35] 


dl  3 


Fig.  21.35 


(b) 

(c) 

(d) 


(15d  +  9Vt)e0R 
2d2  -3dVt-9V2t2 
6  e0R 


5  d  -  3  Vt 
(l5d-9Vt)e0R 
2d2  +  3 dVt  -  9 V2t2 


<  IIT,  2008 

52.  A2pF  capacitor  is  charged  as  shown  in  Fig.  21.36. 
The  percentage  of  its  stored  energy  dissipated  after 
the  switch  S  is  turned  to  position  2  is 
(a)  0  %  (b)  20  % 

(c)  75  %  (d)  80  % 


A 


V  -r- 


2  |tF 


8pF 


Fig.  21.36 


IIT,  2011 
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1. 

(b) 

2. 

(b) 

3. 

(d) 

4. 

(a) 

5. 

(c) 

6. 

(d) 

7. 

(c) 

8. 

(c) 

9. 

(c) 

10. 

(d) 

11. 

(c) 

12. 

(c) 

13. 

(b) 

14. 

(b) 

15. 

(a) 

16. 

(c) 

17. 

(c) 

18. 

(a) 

19. 

(c) 

20. 

(b) 

21. 

(b) 

22. 

(c) 

23. 

(d) 

24. 

(c) 

25. 

(d) 

26. 

(b) 

27. 

(b) 

28. 

(a) 

29. 

(a) 

30. 

(c) 

31. 

(b) 

32. 

(a) 

33. 

(a) 

34. 

(b) 

35. 

(b) 

36. 

(b) 

37. 

(c) 

38. 

(b) 

39. 

(b) 

40. 

(a) 

41. 

(c) 

42. 

(d) 

43. 

(d) 

44. 

(d) 

45. 

(a) 

46. 

(c) 

47. 

(c) 

48. 

(b) 

49. 

(c) 

50. 

(b) 

51. 

(a) 

52. 

(d) 
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SOLUTIONS 


1.  Cj  =  4tt  £| 


12 


Vr2 


'iy 


C2  =  An  e0 


~  'i  >'  1 

C2  r2  2r  2 

2.  Since  the  capacitors  are  connected  in  series,  the 
charge  on  each  will  be  the  same  =  Q  (say). 
Equivalent  capacitance  is 


=  CA 
Cl  +  c2 


3x9 
3  +  9 


Q  =  CV=  -  x  8  =  18  pC 


3.  The  capacitance  of  the  parallel  combination  is 
C'  =  2  C.  The  given  circuit  can  be  redrawn  as 
shown  in  Fig.  21.37.  When  key  K  is  open,  the  total 


CC  C  x  2C 

capacitance  =  -  =  - 

C  +  C  C  +  2C 


2C 

3 


.•.  Charge  on  capacitors  is 


2i 


2  CV 
3 


Fig.  21.37 

When  key  K  is  closed,  capacitor  C'  is  short- 
circuited.  The  capacitance  of  the  circuit  now  =  C. 
Therefore,  the  charge  on  C  is 
02  =  CV 

Charge  flowing  through  the  battery  is  (Q2  -  Qx) 

=  CV -  =  Cf r_  wj1jcj1  js  choice  (d). 

3  3 

4.  In  the  steady  state,  no  current  flows  through  the 
capacitors.  Therefore,  the  total  resistance  =  5  +  2  + 
5  =  1 2  Q.  Current  in  the  circuit  is 


/  = 


6  V 


0.5  A 


5. 


P.D.  across  Cl  =  0.5  x  (2  +  5)  =  3.5  V  =  P.D.  across 
C2.  Therefore 


E,=  -  C,  Vi 


E2  *  -  C2 


C, 


=  1.5 


(v  Vx  =  V2  ) 


_  150 
~EX  ~C\  ~  100 
Initial  charge  on  the  capacitor  plates  is 

Qq  =  CV0  =  (5  pF)  x  (120  V)  =  600  pC 


So,  the  charge  of  the  positive  plate  is  +  600  pC  and 
of  the  negative  plate  is  -  600  pC.  If  an  additional 
charge  of  +  200  pC  is  given  to  the  positive  plate, 
its  charge  becomes  =  600  +  200  =  800  pC.  Let  Q  be 
the  charge  induced  on  the  negative  plate.  The  posi¬ 
tive  plate  loses  a  charge  Q  and  the  negative  plate 
gains  a  charge  Q  such  that  the  total  positive  charge 
on  the  positive  plate  =  total  negative  charge  on  the 
negative  plate,  i.e. 

800  -  Q  =  -  600  +  Q 


=>  Q  =  700  pC.  Therefore,  the  potential  difference 
between  the  plates  now  is 

F,e,7ooac,140v 

C  5pF 

So  the  correct  choice  is  (c). 

6.  The  capacitance  of  inner  sphere  is 
C,  =  Ane0r 

The  capacitance  of  the  outer  shell  is 

C2  =  An  e0  (2 r)  =  8 n  e0r 
Before  connection,  the  total  energy  is 


2C,  87T  £0  r 

After  connection,  the  entire  charge  q  of  the  inner 
sphere  is  transferred  to  the  outer  shell.  Hence,  en¬ 
ergy  after  connection  is 


2  C2  1 6n  £0r 

.".  Heat  generated  =UX-U2 


8  ne0r  \6ne0r  I6ne0r 
7.  Charge  on  the  inner  sphere  is 

q  =  CV  =  Ane0rV 

.■.  Potential  difference  between  the  two  spheres  is 

V'  =  vt  -  v2 


12Q 
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AkEq  \r  2 r ) 

_q _ \_=  V 

4  7t£0  2  r  2 

Hence  the  correct  choice  is  (c). 

8.  Original  capacitance  of  the  parallel  combination  of  C 
and  2C=C  +  2C  =  3C.  Total  charge  Q  =  3CV.  When 
capacitor  C  is  filled  with  the  dielectric,  its  capaci¬ 
tance  becomes  KC.  Therefore,  the  capacitance  of 
the  combination  becomes  C'  =  KC  +  2C  =  (K  +  2)C. 
Since  charge  remains  the  same  =  Q,  the  potential 
difference  across  the  capacitors  will  be 
Q_  =  3  CV  =  3V 

C7  ~~  (K  +  2)C  ~  K  +  2 


9.  To  find  the  force  between  the  charged  capacitor 
plates  we  will  use  a  method  called  the  method  of 
virtual  displacement.  We  simply  equate  the  work 
AW  required  to  make  a  small  change  Ad  in  the 
plate  separation  d  to  the  resulting  change  A U  in  the 
stored  energy,  i.e. 


AW  =  AU  (i) 

If  F  is  the  magnitude  of  the  force  between  the 
plates,  then  the  work  AW  done  to  increase  the  plate 
separation  by  A  d  is  given  by 


AW  =  F  Ad  (ii) 

Now  we  know  that  the  energy  U  of  a  parallel-plate 
capacitor  of  plate  area  A  and  capacitance  C  is 

U=Q 1  =  Q2d 

2  C  2  £0A 

where  Q  is  the  charge  on  the  capacitor  plates.  The 
increase  AU  in  U  due  to  an  increase  Ad  in  d  is, 
therefore,  given  by 


A  U=£^ 
2e0A 

Equating  Eqs.  (ii)  and  (iii)  we  get 


(iii) 


F  = 


Q 1 


2  £0A 


which  is  choice  (c). 


10.  If  p  is  the  density  of  a  small  drop  and  r  its  radius, 

4  n  3 

then  the  mass  of  each  small  drop  is  m  =  -y  r  p.  If 


n  such  drops  coalesce  to  form  a  big  drop  of  radius 

\n  3 

R,  then  the  mass  of  the  big  drop  is  nm  =  ——  Rp. 


1  /-5 

Hence  R  =  n  r.  Now,  the  capacitance  of  a  sphere 
is  proportional  to  its  radius.  Hence  the  capacitance 
of  the  big  drop  will  be  C'  =  nmC.  Hence  the  correct 
choice  is  (d). 


11.  E=-  CV2,  E'=  -  C'  V'1.  Therefore, 
2  2 


Ef 

E 


c 

c  v 


=  n 1/3  x  (n2/3)2  =  n5/i 

(v  Q  =  CV=  C'V') 
Hence  the  correct  choice  is  (c). 

12.  The  combination  is  equivalent  to  (10  -  1)  =  9 
capacitors,  each  of  capacitance  C  connected  in  par¬ 
allel.  Hence  the  correct  choice  is  (c). 

13.  Capacitors  of  capacitances  2  pF  and  3  pF  are  in 
parallel  and  this  combination  is  in  series  with  1  pF 
capacitor.  Thus  we  have  1  pF  capacitor  in  series 
5  pF  capacitor  and  the  potential  difference  across 
this  series  combination  is  6V.  Therefore,  the  poten¬ 
tial  difference  across  5  pF  capacitor  (which  consists 
of  a  parallel  combination  of  2  pF  and  3  pF  capaci¬ 
tors)  is  1  V.  Hence  the  charge  on  2  pF  capacitor  = 
2  pF  x  1  V  =  2  pC,  which  is  choice  (b). 


14.  Capacitors  1  pF,  2  pF  and  3  pF  are  in  parallel, 
their  total  capacitance  is  6  pF.  Thus,  we  have  three 
capacitors  in  series  each  of  capacitance  6  pF  across 
the  12  V  power  supply.  So  the  potential  drop  across 
each  is  12/3=4  V.  This  is  also  the  potential  across 
1  pF  capacitor  and  2  pF  capacitor  and  3  pF  capaci¬ 
tor,  because  they  are  in  parallel.  Therefore,  charge 
on  2  pF  capacitor  =  2pFx4V=8pC.  Hence  the 
correct  choice  is  (b). 


15.  Energy  stored  in  the  capacitor  is 

^  CV2  y  xCx  (200)2  =  2  X  104  X  C joule 

Energy  appearing  as  heat  in  the  block  is 

m  c  0  =  0.1  x  2.5  x  102  x  0.4  =  10  J 


Therefore, 

2  x  104  x  C  =  10  or  C  =  5  x  lO^4  F  =  500  pF 

16.  When  the  battery  is  disconnected  and  a  dielectric 
slab  is  introduced,  the  charge  Q  on  the  plates  does 
not  change  but  the  capacitance  C  increases.  Since 
Q  =  CV,  the  potential  difference  V  decreases.  Since 

stored  energy  =  —  QV,  a  decrease  in  V results  in  a 

decrease  in  stored  energy.  Hence  the  correct  choice 
is  (c). 

17.  The  capacitance  of  a  parallel  plate  capacitor  with 
air  (or  vacuum)  as  dielectric  is 


When  a  dielectric  of  dielectric  constant  K  is  intro¬ 
duced,  the  capacitance  becomes 
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c  =  KeoA 

d 


Cn 


Now  Q  =  C0V o  and  Q  =  CV.  Therefore 
V  Cn  1 


V, n 


=  Q  = 
c 

1 


A' 


But  F/F0  =  -  .  Therefore  K  =  8. 

0  8 

18.  When  a  dielectric  slab  of  thickness  t  and  dielec¬ 
tric  constant  K  is  introduced  between  the  plates  of 
a  parallel  plate  capacitor,  the  potential  difference 
between  the  plates  is  given  by 

V  =E0  d-t[\-^ 

In  order  to  maintain  the  same  value  of  V,  the  separa¬ 
tion  between  the  plates  should  be  increased  by  d' 
given  by 


d'  =  t  |  1-  — 
K 


or  K  = 


t-d' 


2mm 


=  5 

2mm  -  1.6  mm 

19.  The  given  network  of  capacitors  can  be  redrawn  as 
shown  in  Fig.  21 .38. 


2  gF 


12  gF 


4gF 


12  gF 


1 1 

LJ  SA 

- ^ 

- II - II - 

_ 1  1 _ 

1 1 

2  (iF 

_ 1 1 _ 

- ^ 

2gF 


2  gF 


20. 


Fig.  21.38 

The  series  combination  of  4  pF  and  12  pF  gives 
3  pF  which  is  in  parallel  with  2  pF.  Hence  the 
effective  capacitance  between  A  and  B  =  3  +  2  = 
5  pF,  which  is  choice  (c). 

C  =  — — —  .  Therefore, 


d 


d  K 


h-12 


c 


200x8.85x10“  _  3 


1.77x10 


-6 


Hence  choices  (c)  and  (d)  are  not  possible.  Now 
V 

E  =  —  .  Therefore, 
d 


^min 


V 


V 


20 


dielectric  strength  3xl06 
=  6.67  x  10“6  m 


Hence  choice  (a)  is  not  correct.  Thus  the  correct 
choice  is  (b). 


21.  0,  =  CV  and  Q2  =  (2 C)  x  (2V)  =  4 CV.  Since  the 
capacitors  are  connected  in  parallel  such  that  the 
plates  of  opposite  polarity  are  connected  together, 
the  common  potential  is 

yf  =  0.2-Qx-  4 CV-CV  =  y 
Cl+C2  C  +  2C 

Equivalent  capacitance  C’  =  C  +  2C  =  3C.  There¬ 
fore,  the  final  energy  of  the  configuration  is 

U'=  -  C  V2  =  -  x  3C  x  V1  =  -  CV1 
2  2  2 

22.  The  magnitude  of  the  electric  field  in  the  annular 
region  of  a  charged  cylindrical  capacitor  is  given 
by 

E  = 


1 


2A 

r 


47T£0 

where  A  is  the  charge  per  unit  length  and  r  is  the  dis¬ 
tance  from  the  axis  of  the  cylinder.  Hence  E  °c  - . 

r 

23.  There  is  no  resistance  in  the  part  of  the  circuit  con¬ 
taining  the  battery  and  the  capacitor,  i.e.  R  =  0  in 
this  circuit.  Hence,  the  time  constant  r  =RC  is  zero. 
Thus  the  correct  choice  is  (d). 

24.  The  insertion  of  the  dielectric  slab  decreases  the 
electric  field  without  changing  its  direction.  The 
electric  potential  increases  as  we  go  from  the  nega¬ 
tive  to  the  positive  plate.  Hence  the  correct  choice 
is  (c). 

25.  Within  the  plates  electric  fields  due  to  charges  Qx 
and  Q2  are 

Ql  o Z7  _  02 


Ei  = 


2e0A 


and  E 2  = 


2e0A 


As  these  fields  are  in  opposite  directions  and 
Q\  >  Qi,  the  net  electric  field  within  the  plates  is 

1  (Qx  -  Qd 


E  E  j  E2 


2£0  A 


Hence  V=  Ed  = 


d 


2£0  A 


(01  ^  02) 


_  01  02 
2  C 

£0A 


:C  = 


d 


26.  When  switch  S3  is  closed,  the  potential  difference 
across  C,  and  C2  will  become  equal  to  the  average 
of  Vj  and  V2,  i.e.  (30  +  20)/2  =  25  V.  Hence  the  cor¬ 
rect  choice  is  (b). 

27.  We  have  C,  -  -  AK  ■ 


(d/2) 


d 


_  (A/2)K2e0  _  AK2£0 

L2 


(d/2) 


d 
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and 


q  _  ^^3eo  _  2HA13£0 


(d/2)  d 
The  capacitors  Cx  and  C2  are  in  parallel  and  their 
equivalent  capacitance  is 

Af 

C'  =  Cx  +  C2  =  (Kx  +  K2) 

This  combination  is  in  series  with  C3.  Hence  the  net 
capacitance  is 
1  1  1 


d 


d 


C" 


C'  c. 


d 


£0A(Kx+K2) 


2  AK2e0 


e0A  l  (K1+K2)  2K,\ 


AK£0  1 

or  C  = - -  where  —  =  - — 

d  K  ( Kx 

Hence  the  correct  choice  is  (b). 

28.  Given  Cx  +  C2  =  Cl  Ci  x  — 

1  2  Cx+C2  6 


-K2)  2  K3 


or 

6  (C, 

+ 

C2)2  = 

25  C,C2 

or 

6C2 

+ 

6C2  + 

12  CXC2  =  25 

c,c 

or 

6C2 

+ 

6 C\  - 

13  CXC2  =  0 

Let 

Q  = 

X 

Cx.  Then,  we  have 

6C2 

+ 

6x2  C  2 

-13xC]  = 

0 

or 

6x2  - 

-  13x  +  6 

=  0 

3  2  2 

which  gives  x  =  —  or  —  .  Since  C2>  Cx,  x  =  —  is 

not  possible.  Hence  the  correct  choice  is  (a). 

29.  Since  the  outer  plate  of  B  is  free,  charge  cannot  flow 
from  A  to  B.  Hence  the  correct  choice  is  (a). 

30.  Initial  Energy  U,  =  Ux  +  U2  =  -  CV\+  -  CV\ 
When  they  are  connected,  the  potential  across  each 
is  V=  —  (Vx  +  V2).  Final  energy  is 


^1+^2 


Uf=  -  cv2  +  —  cv2  =  cv2  =  c 
J  2  2 

Decrease  in  energy  =  Ut  -  Uf 

=  \  C(V2+V2)-^  C(VX  +  V2)2 

=  \  c  (Vx  -  V2)2 

Hence  the  correct  choice  is  (c). 

O2  O 2 

31.  Ux=  — -  and  U2  =  — Therefore, 

2C  2  2C 


Given 
get  Q2 


u2-Ui  =  &-Ql  m 

U,  Ql 

— 2 —  =  21%  =  0.21.  Using  this  in  (i),  we 
=  1  •  1  Qi ■  Therefore,  Q2  -  Qx  =  0. 1  Qx. 


Given  Q2  -  Qx  =  2C.  Hence  0.1  Qx  =  2C  or  Qx  = 
20  C,  which  is  choice  (b). 

32.  The  network  can  be  redrawn  as  shown  in 
Fig.  21.39. 


Fig.  21.39 

c  c 

Since  —  =  — ,  the  bridge  is  balanced.  Hence  no 

Ci  C3 

current  flows  through  capacitor  C5,  it  is  thus  inef¬ 
fective.  Capacitors  C2  and  C4  are  in  series,  hence 
their  equivalent  capacitance  =  2  pF.  Similarly,  the 
equivalent  capacitance  of  capacitors  C,  and  C3 
=  2  pF.  These  two  are  in  parallel  with  reference  to 
points  A  and  B.  Hence  the  equivalent  capacitance 
of  the  network  =  2  +  2  =  4  pF. 

33.  The  batteries  are  in  opppsition  as  their  positive  ter¬ 
minals  are  connected  together.  Hence  the  effective 
voltage  is 

V=Vx-V2=12-2  =  10V 
As  the  capacitors  Cx  and  C2  are  in  series,  the 
effective  capacitance  of  the  circuit  is  given  by 
1  _  i  1  _  1  1  _  5 

~C~~CX+~C~2~  3  +  2_  6 


or  C  =  —=1.2  pF. 

5 

Therefore,  charge  on  capacitors  is 

Q  =  CV=  1.2  pFx  10V=  12  pC 
.\  Potential  difference  across  A  and  B  =  potential 
difference  across  capacitor  C2 


Q  =  12  pC 
C2  2  pF 


=  6  V 


34.  Potential  difference  between  the  plates  before  the 
slab  is  introduced  is 


V  =  Exd=  200x0.05  =  10  V 
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The  capacitance  of  the  capacitor  is  given  by 


C-&: 

d 


or  en  A  =  0.05  C 
0.05  0 


When  a  slab  of  dielectirc  constant  K  and  thickness 
t  is  introduced,  the  capacitance  becomes 

0.05C  20C 


C'= 


e0A 


d-t  1- 


1 

K 


0.05-0.01  1- 


1 


17 


Now  Q  =  CV=  C'V.  Therefore, 


V'= 


CV  CV 


C  20C/17 


17V 

20 


17x10 

20 


=  8.5  V 


35.  The  capacitance  before  the  introduction  of  the  slab 

is  c~ 

d 

If  Q  is  the  charge  on  the  plates,  the  potential 
difference  is 


v=  9-=Qd 


c 


£0A 


(1) 


Let  d’  be  the  new  separation  between  the  plates. 
When  a  slab  of  thickness  t  and  dielectric  constant 
K  is  introduced,  the  new  capacitance  is 


C'= 


£0A 


d'-t\\-  — 

V  K 

Since  charge  Q  remains  the  same,  the  new  potential 
difference  is 

1 


V'=  —  = 
C' 


Q 


d'-t\  1- 


K 


£0A 


(2) 


Given  V'  =  V.  Equating  Eqs.  (1)  and  (2),  we  get 


1 


K 


d  =  d'—  t  1 - or  d'  —  d  =  t  1 - 


1 


K 


Given  d'  =  d  =  2  mm  and  t  =  3  mm.  Thus 

t  K 

which  gives  K  =  3.  Hence  the  correct  choice  is 
(b). 

36.  If  Q  is  the  initial  charge  on  capacitor  Cb  the  initial 
energy  is  given  by 

Ui  =  Q1/2Ci 

When  the  two  capacitors  are  connected  together, 
and  as  the  charge  is  distributed  equally,  the  charge 
on  each  capacitor  is  Q/2.  Since  the  potential  dif¬ 
ference  (in  a  parallel  connection)  across  the  two 
capacitors  is  also  the  same,  it  follows  that  their 
capacitances  are  equal  (since  C  =  Q/V).  Thus  C)  = 
C2  =  C(say).  Also  Qx  =  Q2  =  Q/2. 


Therefore,  final  energy  stored  in  the  two  capacitors 
is 

Lr  _  Qx  ,  Ql  _  ( g/2)2  |  (Q/2)2  _  Q2 
f  2C,  2C2  2C  2  C  4  C 

Q 2 

But  U:  =  — 

1  2  C 

Uf  1 

=  —  ,  which  is  choice  (b). 

U,  2 

37.  Plate  1  is  connected  to  plate  3  and  plate  2  is  con¬ 
nected  to  plate  4.  Thus,  there  are  three  capacitors  in 
parallel,  each  of  capacitance 

c-e- «- 

d 

as  shown  in  Fig.  21.40.  Hence  the  equivalent 
capacitance  is 

C'=  3C  =  ,  which  is  choice  (c). 

d 


38.  The  inner  plates  2  and  3  are  connected  together. 
Hence  they  act  as  a  single  conductor.  Since  the 
outer  plates  1  and  4  are  connected  together,  there 
are  effectively  two  capacitors  (between  plates 
1  and  2  and  plates  3  and  4)  in  parallel,  each  of 
capacitance  C  =  £0  Aid  as  shown  in  Fig.  2 1 .4 1 .  Thus 
the  equivalent  capacitance  is 

C'=  2 C  =  £°  ,  which  is  choice  (b). 

d 


Fig.  21.41 

39.  The  maximum  charge  the  first  capacitor  can  hold  is 
Q,  =  C,  L,  =  1  x  10~6  x  6000  =  6  x  10~3  C 
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The  maximum  charge  the  second  capacitor  can 
hold  is 

Qi  =  c2  v2  =  2  x  10-6  x  4000  =  8  x  to  3  C 

We  know  that  in  a  series  combination,  the  charge 
on  each  capacitor  is  the  same.  Now  the  first  ca¬ 
pacitor  cannot  hold  a  charge  of  8  x  10~3  C;  it  can 
hold  a  maximum  charge  of  6  x  1 0  3  C.  Therefore, 
the  charge  on  the  second  capacitor  must  also  be 
6  x  10~3  C.  Hence,  the  voltage  across  the  second 
capacitor  is 


^2  = 


6  x  10~3C 
2  x  10_6F 


=  3000  volts  =  3  kilovolts 


Thus,  the  maximum  voltage  the  system  can  with¬ 
stand  =  V1  +  V2  =  6  kilovolts  +  3  kilovolts  = 
9  kilovolts.  Hence  the  correct  choice  is  (b). 

40.  Let  A  be  the  plate  area  and  d  the  plate  separation. 
The  resistivity  of  the  material  is  given  by 
RA 
P=  ~d 

where  R  is  the  resistance  of  the  material.  The 
conductivity  a  is 

d 


Id 

<j=  —  =  —  or  R  = 
p  RA  a  A 


—  (1) 


The  capacitance  of  the  capacitor  is 


C  = 


Ke0A 


d 


(2) 


Using  Eqs.  (1)  and  (2),  the  time  constant  of  the 
capacitor  is 

d  KenA  Ker. 

a  A  d  o 

Hence  the  correct  choice  is  (a). 

£ 

41.  Initial  capacitance  C=  — —  .  When  a  metal  plate  of 

d 

thickness  t  is  introduced,  the  capacitance  becomes 


C'  = 
is  (c). 


£qa 
(d  - 1) 


.  Given  C'  =  4.5  C.  The  correct  choice 


42.  Ux  =  |  CV2,  U7  —  ~  C(1.2  V)2  =  |  CV2  x  1.44 


U, 


x  100  =  (1.44  -  1)  x  100  =  44%, 


Thus  the  correct  choice  is  (d). 

1 


43.  U  =  —  CV2.  Therefore,  SU  =  CV  SV.  Therefore 
2 

dU  CVSV  28V 

-  x  100  =  -  x  100  =  -  x  100  = 

u  ICF2  r 


2x0.1x100 

100 


=  0.2%,  which  is  choice  (d) 


1  1  11 

44.  Given  ~  +  —  +  ^  and 


_L  J__I 

Q  +  C2  “  3 


Find  C3.  The  correct  choice  is  (d). 

45.  The  network  reduces  to  that  shown  in  Fig.  21.42. 
The  correct  choice  is  (a). 

A  C2  C2  p  a  C  2 


■lb 


Hb 


=bCi 


Hb 


=b3pF 


B  C2 


~Cz  Q 


=b3pF 


e  c2 


Fig.  21.42 


46.  Fet  R  and  C  be  the  effective  resistance  and  capaci¬ 
tance  of  the  circuit. 

For  Circuit  1  \  R  =  Rl+R-,=  \+  2  =  'SQ. 

C=C1  +  C2  =  2  +  4  +  6  =  6jxF 
Time  constant  z=  RC  =  3x6=18  p,s 


For  Circuit  2  :  R  = 


Rl  x  R2  1  x  2  2 


=  —  Q 


C  = 


R i  +  R2  1  +  2  3 

C.xC,  2x4  4  ^ 

— - -  =  -  =  -  uF 

Q  +  Q  2  +  4  3 


r  =  RC=  -  x  -  =  -  |is 
3  3  9 

„  _  „  „  R,xR7  1x2  2^ 

For  Circuit  3  :  R  =  - -  =  -  =  —  12 

Rl  +  R2  1  +  2  3 

C=Cj  +  C2  =  2  +  4  =  6  jxF 

2 

t  =  RC=  —  x6  =  4  p,s 
The  correct  choice  (c). 

47.  Charge  on  C,  is  Q\  =  CtV  =  CV.  This  charge  is 
shared  by  the  three  capacitors.  The  equivalent  ca¬ 
pacitance  of  the  series  combination  of  C2  and  C3  is 

C'=  ClC 3  =  —  C2  =  C3  =  O 

C2  +  C3  2  3 

The  common  potential  of  C,  and  C'  is 

v,  =  61  =  ££_  =  cv  =  2v 

C]  +  C  C]  +  C  C  +  C/2  3 


.•.  Final  charge  on  C,  is 


Q[  =  cxv’  = 


2  cv 
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which  is 


Charge  that  will  flow  throught  the  connecting 
wires  is 

v-Qx-q;-  cv-2-f  =  f 

choice  (a). 

48.  Cl=4ne0R1 

4n£Q(RlR2) 


C2  = 

Given  C2  =  3Ct  Hence 


(R2-Rl) 


4  ’*o(R1R2)=3x4  R 
(R2-Ri) 


which  gives  — 

R, 


,  which  is  choice  (b). 


Q 1 


49.  Energy  stored  initially  is  Ut  =  — .  if  d  is  doubled, 
C  becomes  C/2.  Hence,  energy  stored  when  d  is 
Q 2 

doubled  is  Uf  =  — 


Work  needed  is 


C 


W=  Uf-  Uj  = 


Q 1 


c 


91 

2  C 


9_  =  LCV2(:.  Q  =  CV) 

2C  2 


Now  C  = 


A£g 

d 


.  Hence 


Ac  V1 

W=  - — - —  ,  which  is  choice  (c) 
2d 


50.  The  circuit  can  be  re¬ 
drawn  as  shown  in 
Fig.  21.43.  The  charge 
on  the  capacitor  plates 
is 

Ae,V 


Q=  CV  = 


_ 


d 


So  the  correct  choice 
is  (b). 

51.  Let  the  fall  in  the  level  in  time  t  be  x.  Then  x  =  Vt. 
At  that  time  the  thickness  of  air  in  the  capacitor 


2d 

is  a,  = - 1-  x  and  the  thickness  of  water  col- 


(d  . 

umn  is  d2  =  I  —  -  x  | .  At  that  time  the  equivalent 
capacitance  is 


r  = 

Wq 


Zqa 

i  (%2 

d i  H - 

1  k 


(i) 


and  time  constant  T  =RC  Putting  dx  = 


2d 


■  +  x 


d2  = - x  ,  K=  2,  A  =  1  andx  =  Vt  inEq.  (1),  we 


get  Ceq  = 


6en 


5  d  +  3Vt 


.  Therefore  r  = 


5  d  +  3  Vt 


52.  When  switch  S  is  connected  to  terminal  1,  the 
potential  difference  across  the  2  pF  capacitor  is 
V  volt.  Therefore,  energy  stored  in  the  system  is 

1,1  , 

U,  =  -  C,V2  =  -  x  2  x  V2 
2  2 

=  V2  pJ 

When  switch  S  is  turned  to  terminal  2,  the  charge 
will  flow  from  2  pF  capacitor  to  8  pF  capacitor 
until  their  potentials  are  equalized.  The  common 
potential  is 

q  qv 


v2  = 


q+c2 


q + c2 

2V  V 

- =  —  volt 

(2  +  8)  5 


.'.  Energy  stored  in  the  system  now  will  be 

1 
2 


u2  =  q  +  c2)v 2 


1  (v V  v2 

=  (2  +  8)x  -  =  —  pJ 

2  \5 )  5 


.•.  Percentage  loss  of  energy  is 


U1-U2 

u, 


(  2  V2^ 

v2 - 


x  100  = 


_  V 


V 


x  100  =  80  % 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  A  parallel  plate  capacitor  is  charged  and  the 
charging  battery  is  then  disconnected.  If  the  plates 


of  the  capacitor  are  moved  farther  apart  by  means 
of  insulating  handles 
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(a)  the  charge  on  the  capacitor  increases 

(b)  the  voltage  across  the  plates  increases 

(c)  the  capacitance  increases 

(d)  the  electrostatic  energy  stored  in  the  capacitor 
increases 

<  IIT,  1985 

2.  The  plates  of  a  parallel  plate  capacitor  are  10  cm 
apart  and  have  area  equal  to  2  m2.  If  the  charge  on 
each  plate  is  8.85  x  1CT10  C,  the  electric  field  at  a 
point 

(a)  between  the  plates  will  be  zero 

(b)  outside  the  plates  will  be  zero 

(c)  between  the  plates  will  change  from  point  to 
point 

(d)  between  the  plates  will  be  50  N  CC1 

3.  A  parallel  plate  capacitor  of  plate  area  A  and  plate 
separation  d  is  charged  to  potential  difference  V  and 
then  the  battery  is  disconnected.  A  slab  of  dielectric 
constant  K  is  then  inserted  between  the  plates  so 
as  to  fill  the  space  between  the  plates.  If  Q,  E  and 
W  denote  respectively,  the  magnitude  of  charge 
on  each  plate,  the  electric  field  between  the  plates 
(after  the  slab  is  inserted),  and  the  work  done  on  the 
system  in  question,  in  the  process  of  inserting  the 
slab,  then 

AV  V 

(a)  Q=£q—  (b )Q  =  80KA  - 
d  d 


4. 


(c)  E 


V 

Kd 


(d)  W  = 


£qAV2 

2d 


<  IIT,  1991 


A  parallel  plate  air  capacitor  is  connected  to  a  bat¬ 
tery.  The  quantities  charge,  voltage,  electric  field 
and  energy  associated  with  this  capacitor  are  giv¬ 
en  by  Q0,  V0,  E0  and  U0  respectively.  A  dielectric 
slab  is  now  introduced  to  fill  the  space  between 
the  plates  with  battery  still  in  connection.  The  cor¬ 
responding  quantities  now  given  by  Q,  V,  E  and  U 
are  related  to  the  previous  quantities  as: 


(a)  Q  >  Qo  ( b)V>V0 

(c  )E>E0  (d  )U>U0 

<  IIT,  1983 


5.  A  parallel  plate  capacitor  of  plate  area  A  has  a 
charge  Q.  The  electric  field  between  the  plates  is 
E.  The  force  on  each  plate  of  the  capacitor  is 


(a) 


Q 1 


2  £0A 


(b) 


<£_ 

£0A 


(c)  QE  (d)  l-QE 

6.  When  a  capacitor  of  capacitance  C1  is  charge  to 
a  potential  V0,  the  energy  stored  in  it  is  U0.  When 
this  charged  capacitor  is  connected  to  an  uncharged 
capacitor  of  capacitance  C2,  the  common  potential 
is  V  and  the  energy  stored  in  the  combination  is  U. 
Then 


(a) 


V_ 

V0 


Q 

c,+c2 


(b)  — 
V, n 


Q 

C2 


(c) 


u_ 

U0 


Q 

Cj  +c2 


(d)  " 
un 


'qY 

\C2j 


7.  A  parallel  plate  capacitor  is  charged  by  connecting 
it  to  a  battery  of  voltage  V.  The  battery  is  kept  con¬ 
nected  to  the  plates.  If  the  space  between  the  plates 
is  filled  with  a  dielectric, 

(a)  the  potential  difference  between  the  plates 
remains  unchanged 

(b)  the  charge  on  the  plates  is  increased 

(c)  the  electric  field  between  the  plates  is 
increased 

(d)  the  energy  stored  in  the  capacitor  increases. 

8.  A  parallel  plate  capacitor  is  charged  to  a  voltage  V 
by  connecting  its  plates  to  a  battery.  The  battery  is 
then  disconnected.  If  the  space  between  the  plates 
is  filled  with  a  dielectric, 

(a)  the  charge  on  the  plates  remains  unchanged 

(b)  the  potential  difference  between  the  plates 
decreases 

(c)  the  electric  field  between  the  plates  de¬ 
creases 

(d)  the  energy  stored  in  the  capacitor  decreases. 

9.  A  parallel  plate  capacitor  is  charged  to  a  voltage  V. 
The  charging  battery  is  then  disconnected.  If  now 
the  plate  separation  is  doubled, 

(a)  the  potential  difference  between  the  plates  is 
doubled 

(b)  the  charge  on  the  plates  is  halved 

(c)  the  electric  field  between  the  plates  remains 
unchanged 

(d)  the  energy  stored  in  the  capacitor  is  dou¬ 
bled. 

10.  A  parallel  plate  capacitor  is  charged  by  connect¬ 
ed  it  to  a  battery  of  voltage  V.  The  battery  is  kept 
connected  to  the  plates.  If  the  plates  separations  is 
halved. 
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(a)  the  charge  on  the  plates  is  doubled 

(b)  the  potential  difference  between  the  plates  is 
halved 

(c)  the  electric  field  between  the  plates  remains 
unchanged 

(d)  the  energy  stored  in  the  capacitor  is  dou¬ 
bled. 

11.  Fig.  21.44  shows  two  identical  parallel  plate 
capacitors  connected  to  a  battery  with  switch  S 
closed.  The  switch  is  now  opened.  If  the  space 
between  the  plates  of  the  capacitors  is  filled  with  a 
dielectric  of  dielectric  constant  (or  relative  permit¬ 
tivity)  3, 

<  IIT,  1983 


Fig.  21.44 


(a)  the  charge  on  capacitor  A  remains  equal  to  CV. 

(b)  the  potential  difference  across  capacitor  B 
becomes  VIZ. 

2  2 

(c)  the  total  energy  stored  increases  by  —  CV  . 

(d)  the  total  energy  stored  decreases  by  2 CV2. 

12.  An  electric  field  of  200Vm-1  exists  in  the  region 
between  the  plates  of  a  parallel  plate  capacitor  of 
plate  separation  5  cm.  When  a  slab  of  dielctric 
constant  4  is  inserted  parallel  to  the  plates,  the 
potential  difference  between  the  plates  is  found  to 
be  V .  If  this  slab  is  replaced  by  a  metal  plate  of 
thickness  x,  the  potenial  difference  between  the 
plates  remains  equal  to  V . 

(a)  V'  =  8.5  V  (b)  V  =  7.5  V 

(c)  x  =  0.85  cm  (d)  x  =  0.75  cm 

13.  In  the  circuit  shown  in  Fig.  2 1 .45, 


v-i  =  12V 

A 


V2  =  2V  B 


(a)  The  effective  capacitance  of  the  circuit  is 
1.2  pF. 

(b)  The  charge  on  capacitor  C,  is  12  pC. 

(c)  The  charge  on  capacitor  C2  is  8  pC. 

(d)  The  potential  difference  between  A  and  B  is 
6  V. 

14.  Two  capacitors,  each  of  capacitance  C,  are  con¬ 
nected  to  a  battery  of  voltage  V  as  shown  in  Fig. 
21.46.  One  plate  of  a  capacitor  and  the  negative 
terminal  of  battery  are  earthed  as  shown. 

C  C  V 


Fig.  21.46 

If  the  combined  capacitance  of  the  arrangement 
is  C'  and  the  energy  stored  in  the  capacitors  is  U, 
then 

(a)  C'  =  2 C  (b)  C'=  - 


(c)  U=  -  CV2 

4 


(d)  U=  -  CV2 
2 


15.  Two  capacitors  A  and  B  of  capacitances  Cx  and 
C2  having  dielectrics  of  dielectric  constants  2  and 
3  respectively  are  connected  in  series.  When  this 
combination  is  connected  across  a  220  V  power 
supply,  the  potential  difference  across  capacitor  A 
is  found  to  be  120  V.  If  the  dielectric  of  capacitor 
A  is  replaced  by  a  dielectric  of  dielectric  constant 
5,  the  new  potential  differences  across  A  and  B  are 
V{  and  V2'  respectively.  Then 


(c)  V[  =  75  V,  V{  =  125  V 

(d)  iy  =  85  V,  V{  =  115  V. 

16.  In  the  circuit  shown  in  Fig.  21.47. 


Fig.  21.45 


Fig.  21.47 
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(a)  The  equivalent  capacitance  between  A  and  B 
is  18  pF. 

(b)  The  charge  on  2  pF  capacitor  is  8  pF. 

(c)  The  potential  drop  across  3  pF  capacitor  is 
4  V. 

(d)  The  energy  stored  in  the  circuit  is  1.44  X 
1(T4  J. 

17.  When  the  current  in  the  circuit  shown  in  Fig.  21.48 
attains  a  steady  value,  then 

(a)  the  current  in  branch  fc  is  zero. 

(b)  the  potential  difference  across  the 

capacitor  is  —  V 

(c)  the  charge  on  the  capacitor  is  zero. 

(d)  the  energy  stored  in  the  capacitor  is  nearly 
5.5  x  10  8  J. 


a 


f 


e 


1/,  =  1V  R1  =  ia 
— 1 1 - WW — \b 


l/2  =  1V  C  =  IpF 


H 


H - WW — 1  d 


V3  =  2  V  R2  =  2Q. 


connected  in  series.  In  each  case,  plate  separation 
of  one  capacitor  is  decreased  by  x  and  of  the  other 
capacitor  increased  by  the  same  amount  x.  Then  the 
total  capacitance 

(a)  of  case  (a)  increases 

(b)  of  case  (a)  decreases 

(c)  of  case  (b)  increases 

(d)  of  case  (b)  decreases 

20.  Five  identical  plates,  each  of  area  A  are  arranged 
such  that  adjacent  plates  are  at  a  distance  d  apart. 
The  plates  are  connected  to  a  battery  of  voltage  V 
as  shown  in  Fig.  21.50.  If  Ql  is  the  charge  on  plate 
1  and  04  on  plate  4  then 


Fig.  21.50 


Fig.  21.48 

18.  When  the  current  in  the  circuit  shown  in  Fig.  2 1 .49 
attains  a  steady  value,  then 

(a)  the  steady  state  current  in  the  circuit  is  8  A. 

(b)  the  potential  drop  across  each  capacitor  is  12  V. 

(c)  the  charge  on  each  capacitor  is  24  pC. 

(d)  the  energy  stored  in  the  circurit  is  2.88  X  10  4  J. 


B 


Fig.  21.49 

19.  In  case  (a)  two  identical  parallel  plate  capacitors 
are  connected  in  parallel  and  in  case  (b)  they  are 


(a)  0!  = 

e0AV 

(b)  0!  = 

2  e0AV 

d 

d 

(C)  04  = 

2  e0AV 

(d)  04  = 

4  e0AV 

d 

d 

Hut,  1983 

21.  Capacitor  C,  of  capacitance  1  pF  and  capacitor  C2 
of  capacitance  2  pF  are  separately  charged  fully 
by  a  common  battery.  The  two  capacitors  are  then 
separately  allowed  to  discharge  through  equal 
resistors  at  time  t  =  0. 

(a)  The  current  in  each  of  the  two  discharging 
circuits  is  zero  at  t  =  0. 

(b)  The  currents  in  the  two  discharging  circuits 
at  t  =  0  are  equal  but  not  zero. 

(c)  The  currents  in  two  discharging  circuits  at 
t  =  0  are  unequal. 

(d)  Capacitor  C,  loses  50%  of  its  initial  charge 
sooner  then  capacitor  C2  loses  50%  of  its 
initial  charge. 

<  IIT,  1989 


ANSWERS  AND  SOLUTIONS 


1.  If  the  plates  of  capacitor  are  moved  further  apart, 
its  capacitance  C  decreases.  Now  0  =  CV.  Since 
charge  0  remains  unchanged,  it  follows  that  the 


voltage  V  across  capacitor  plates  increases  due  to 
a  decrease  in  capacitance.  This  is  so  because  work 
has  to  be  done  in  moving  the  plates  further  apart 
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against  electrostatic  field.  Since  V  increases  and  0 

remains  the  same,  the  energy  stored  =  ^  QV  also 

increases.  Hence  the  correct  choices  are  (b)  and 
(d). 


2.  The  electric  field  outside  the  plates  is  zero  and  be¬ 
tween  the  plates  it  is 

8.85  x  1CT10 


E  = 


Q_ 

eo  A 


8.85  x  1(T12  x  2 
Hence  the  correct  choices  are  (b)  and  (d). 

3.  The  charge  on  the  capacitor  plates  remains 
unchanged  and  is  given  by 

e,AV 


=  50  NC 


-i 


Q  =  cv  = 


_  co 


d 


Hence  choice  (a)  is  correct. 

The  electric  field  which  was  V/d  reduces  by  a 
factor  MK  and  becomes 


E  = 


V 

Kd 


Hence  choice  (c)  is  also  correct. 

Energy  stored  in  the  capacitor  before  the  dielectric 
slab  is  inserted  is  given  by 


u  =  el  =  zU2v2  d 

1  2  C  2  d2  £n  A 


£q^V- 
2  d 


After  the  dielectric  slab  is  inserted,  energy  stored  is 


U2  = 


01 

2  C' 


where  C  = 


/  _  co 


£n  KA 


d 


=  £oAv2 

2  Kd 

£  AV2  (  1  h 

Work  done  W  =  Ul  -  U2  =  — -  1 - 

2  d  \  K  J 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 

4.  The  potential  difference  between  the  plates  remains 
unchanged  (equal  to  the  voltage  of  the  battery) 
because  the  capacitor  remains  connected  to  the 
battery.  Thus  V  =  V0.  The  introduction  of  the  slab 
increases  capacitance  C.  Hence  Q  (=  CV)  increases. 
Thus  Q  >  Qq.  Since  the  plate  separation  d  remains 
unchanged,  and  V  remains  unchanged,  the  electric 
field  E  =  V/d  remains  unchanged,  i.e.  E  =  E0.  The 
1  2 

energy  stored  U  =  —  CV  increases  because  C 

increases.  Thus  U  >  UQ.  Hence  choices  (a)  and  (d) 
are  correct. 


5.  Refer  to  the  solution  of  Q.  1 3  of  section  I.  The  force 
on  each  plate  of  the  capacitor  is 


F  = 


Ql 


2  £qA 


V 

Electric  field  E  =  — 
d 


Q  Qd 

Now  V=  —  =  ^ 


C 


E  = 


Q_ 

£0A 


£0A 


(1) 


c  = 


£(\A 


d 


(2) 


From  (1)  and  (2).  we  get  F  =  —  QE. 
Hence  the  correct  choice  are  (a)  and  (d). 


6.  Original  charge  on  the  first  capacitor  is  Q0  =  C1  V0. 
The  charge  is  shared  by  the  two  capacitors  when 
they  are  connected.  Q0  =  Ql  +  Q2.  Using  Q  =  CV, 
we  have  C1  V0  =  Ct  V+  C2  V,  which  gives 


V_ 

K 


C, 


c,+c2 


(1) 


Since  the  second  capacitor  is  uncharged,  if  has  no 
energy.  Therefore,  total  energy  before  connection  is 


=  \C,V02 

The  total  energy  after  connection  is 

1  ,  1  , 

U  =  -CV2  +  -C7V2 
2  2 

Using  (1)  and  (2)  in  (3),  we  get 


(2) 


(3) 


U_  =  c\ 
u0  C1  +  C2 

Hence  the  correct  choices  are  (a)  and  (c). 

7.  Due  to  the  introduction  of  dielectric  the  capacitance 
C  of  the  capacitor  increases.  Since  the  battery  is 
kept  connected,  the  potential  difference  between 
the  plates  remains  unchanged  =  V,  the  voltage  of 
the  battery.  As  Q  =  CV,  the  charge  on  the  plated 
increases  because  C  increases  and  V  remains 
unchanged.  Electric  field  =  V/d  remains  unchanged 
as  both  V and  d remain  the  same.  The  energy  stored 

1  9 

in  the  capacitor  is  U=  —  CV .  U  increases  because 

C  increases  and  V  remains  unchanged.  Hence  the 
correct  choices  are  (a),  (b)  and  (d). 

8.  Due  to  the  introduction  of  dielectric,  the  capacitance 
C  of  the  capacitor  increases.  Since  the  battery  is 
disconnected,  the  charge  Q  on  the  capacitor  plates 
remains  unchanged  as  there  is  no  source  (battery) 
to  supply  extra  charge.  The  potential  difference 


Capacitance  and  Capacitors  21.27 


between  the  plates  is  V  =  QIC.  Since  Q  remains 
unchanged  but  C  increases,  V  will  decrease.  Hence 
electric  field  E  =  VI d  will  also  decrease.  The  energy 

stored  in  the  capacitor  is  U=  —  Q  V.  Since  Q  remains 

unchanged  but  V decreases,  U  will  decrease.  Hence 

all  the  four  choices  are  correct. 

9.  Charge  Q  on  the  capacitor  plates  remains  unchanged 
as  there  is  no  battery  to  supply  extra  change.  The 
capacitance  C=  £0^4/Jbecomes  half  is  d  is  doubled. 
Therefore,  V=  QIC  is  doubled.  The  energy  stored  in 
the  capacitor  is  U=  Q2/2C.  U  is  doubled  because  C 
becomes  half  but  Q  remains  unchanged.  The  extra 
energy  is  supplied  by  the  external  agent  because 
work  has  to  be  done  to  pull  the  plates  away  from 
each  other.  Hence  the  correct  choices  are  (a),  (c) 
and  (d). 

10.  Since  the  battery  is  kept  connected  to  the  plates, 
the  potential  difference  between  the  plates  remains 
unchanged  equal  to  V,  the  voltage  of  the  battery. 
Since  the  plate  separation  is  reduced  to  half,  the 
capacitance  C  is  doubled.  From  Q  =  CV,  we  find 
that  Q  is  doubled.  From  E  =  VI d,  E  is  also  doubled 
because  V remains  the  same  and  d  is  halved.  Energy 

1  2 

stored  U=  —  CV  is  doubled  because  C  is  doubled 
2 

and  V  remains  the  same.  Hence  the  correct  choices 
are  (a)  and  (d). 

11.  When  switch  S  closed,  the  potential  diffemce  across 
capacitors  A  and  B  is  the  same  =  V  volt.  Therefore, 
the  charges  on  capacitors  A  and  B  are  Qx  =  Q2  =  CV. 
When  the  dielectric  is  introduced,  the  capacitance 
of  each  capacitor  becomes. 

C'=  KC  =  3C. 

After  the  switch  is  opened,  the  potential  difference 
across  capacitor  A  remains  V  volt.  Let  V  be  the 
potential  difference  across  capaciteo  B.  When  the 
dielectric  is  introduced  (with  switch  S  open),  the 
charge  on  capacitor  B  remains  unchange  at  Q2. 
Thus 

CV  CV  V 

Q2  =  CV=  CV  or  V  =  -  =  -  =  -  volt 

2  C'  3  C  3 

Energy  of  both  capacitors,  before  the  dielectric  is 
introduced,  is 

U=  -  CV2  +  -CV2=CV2 
2  2 

Energy  of  both  capacitors,  after  the  dielectric  is 
introduced,  is 

U'=  -  CV2  +  -  CV'2 
2  2 


=  -  x3Cx  V2+  -  x  3C  x  f-T  =  -  CV2 
2  2  V3J  3 

U'-U=  -  CV2  -  CV2  =  -  CV2. 

3  3 

So  the  correct  choices  are  (a),  (b)  and  (c). 

12.  Potential  difference  between  the  plates  before  the 
slab  is  introduced  is 

V=  E  xd=  200  x  0.05  =  10  V 
The  capacitance  of  the  capacitor  is  given  by 


c=  =  or  £  j  =  0.05  C 
d  0.05  0 


When  a  slab  of  dielectric  constant  K  and  thickness 
t  is  introduced,  the  capacitance  becomes 


C  = 


£0A 


d -t\\- 


1 

K 


0.05  C 


0.05-0.01^1-  — 

Now  Q  =  CV=  CV'.  Therefore 
CV  =  CV  =  \1V_ 

C’  ~  20C/17  ~~  20 


V'  = 


20 C 
17 


17x10 

20 


=  8.5  V 


When  a  conducting  (metal)  plate  of  thickness  x 
cm  is  introduced,  the  effective  air  gap  between  the 
plates  =  (5  -  x)cm  =  (5  —  x)  X  1 0~2  m.  The  new  ca¬ 
pacitance  is 

£0A  _  0.05C 

C  ~  (5-x)xl0~2  ~  (5-x)xl0~2 

Now  Q  =  C"V"  =  C’V  =  Given  V"  =  V' .  Therefore, 
C"  =  C’ 

0.05C  20C  5  20 

or - -  =  -  =  or -  =  — 

(5  -  x)  x  1 0  2  17  5-x  17 

which  givens  x  =  0.75  cm. 

Hence  the  correct  chioce  are  (a)  and  (d). 

13.  As  the  batteries  are  acting  in  opposition  (becasue 
their  positive  terminals  are  connected  together),  the 
effective  voltage  is 

V=  Vx-  V2=  12-2=  10  V 
As  the  capacitors  C x  and  C2  are  in  series,  the  effec¬ 
tive  capacitance  of  the  circuit  is  given  by 


J_  =  J_  =  J_  =  1  J__5 

C~  Cx  ”  C2  ~  3  +  2  _  6 
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or  C=  -  =1.2  pF.  Therefore,  charge  on  capacitors 
is 

Q  =  CV=  1.2  pF  x  10  V  =  12  pC 

.•.  Potential  difference  across  A  and  B  =  potential  dif¬ 
ference  across  capacitor  C2 

=  Q__  =  =  6  V 

C2  2pF 

So  the  correct  choices  are  (a),  (b)  and  (d). 

14.  The  capacitors  are  in  series.  So  the  combined  ca¬ 
pacitance  is  C'  =  C/2.  Therefore,  energy  stored  is 

U=  -C'V2=  -  cv2 
2  4 


15. 


16. 


So  the  correct  choices  are  (b)  and  (c). 

Given  V1  =  120  V.  Therefore,  V2  =  200  -  120  = 
80  V.  In  a  series  arrangement,  the  charge  is  the  same 
on  each  capacitor.  If  the  charge  is  Q,  then 
Q  =  ClV1  =  C2V2 


C, 


V, 


(1) 


1_  =  r_C-  ^ 

C2  Vj  120  3 

When  the  dielectric  of  capacitor  A  is  replaced  by 
a  dielectric  of  dielectric  constant  5,  its  capacitance 
become 

s 

C, 


c\-  - 

2 


The  capacitance  of  B  remains  unchanged  i.e. 
C2  =  C2.  Therefore  [using  (1)],  we  have 


% 

C' 


5 

=  -  x 
2 


Q 

c. 


_  5  2  _  5 

”  2  X  3  ”  3 


(2) 


If  V\  and  V2  are  the  new  potential  differences 
across  A  and  B,  then 

n  =  9Lj_ 

c2  3 

Also  V\  +  V'2  =  200  (3) 

Solving  eqs.  (2)  and  (3),  we  get  V2  =  125  V. 

Thus  the  correct  chocies  are  (a)  and  (c). 

Capacitors  1  pF,  2  pF  and  3  pF  are  in  parallel,  their 

combined  capacitance  is  6  pF.  Thus,  we  have  three 

capacitors  each  of  capacitance  6  pF  connected  in 

series.  The  equivalent  capacitance  of  the  network 

is,  therefore  C  =  2  pF.  Potential  drop  across  each 

6pF  capacitor  =  12/3  =  4  V.  Hence  potential  drop 

across  1  pF,  2  pF  and  3  pF  capacitor  is  4V.  So  the 

charge  on  2  pF  capacitor  =  2pFx4V=8  pC. 

,  1  2 
Energy  stored  in  the  circuit  =  —  CV 

=  l  x  (2  x  10~6)  x  (12)2  =  1.44  x  lO^4  J 

Hence  the  correct  choice  are  (b),  (c)  and  (d). 


17.  In  the  steady  state,  no  current  flows  through  the 
branch  cf  containing  the  capacitor.  So  the  circuit 
reduces  to  that  shown  in  Fig.  21.51. 

Vi  =  iv  R1  =  m 

- 1 1 - ww — 

I  I 

- 1 1 - ww — 

P3  =  2V  R2  =  2Q 


Fig.  21.51 

Since  the  cells  are  in  opposition,  the  current  in  the 
circuit  is 

=  IA 

+  R0  3  3 


If  V  is  the  potential  difference  across  the  capacitor, 
then  applying  Kirchhoff’s  loop  rule  to  loop  abcfa 
(Fig.  21.50) 
we  have 


-  V]-IRl  +  V+V2  =  0 

-  1  -  -  +  V+ 1 =0 
3 


Charge 


V=  -  volt 

3  1 

on  capacitor  =  CV  =  (1  x  10  6)  x  - 

=  0.33  x  10  6  C. 


Energy  stored  is  U  = 


-CV2 

2 


=  w(lx  10~6)  x  Qj  =  5.5  x  10~8  J 

So  the  correct  choices  are  (b)  and  (d). 

18.  In  the  steady  state,  no  current  flows  in  branches 
BC  and  AD  containing  the  capacitors.  So  the  path 
of  the  current  isH— >£>->C->^4  through  the 
battery.  Hence  the  three  resistors  are  in  series  and 
current  in  the  circuit  is 


Now,  p.d  across  A  and  C  =  16  V  and  p.d  across  the 
2  Q  resistor  in  arm  AB  =  2Qx2A  =  4V.  Hence 
the  p.d  across  the  capacitor  in  arm  BC  =  16  -  4  = 
12  V  which  is  also  the  p.d  across  the  capacitor  in 
arm  AD.  Charge  on  each  capacitor  is  Q  =  CV  = 
2  pF  x  12  V  =  24  pC. 

Energy  stored  =  ^  CV2  +  ^  CV 2  =  CV2  =  (2  x  10  6) 

x  (12)2  =  2.88  x  10~4  J 

So  the  correct  choices  are  (b)  ,(c)  and  (d). 
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19.  case  (a):  C, 


£0A  _  £qA 

d  ’  2  d 


.  r'=fod  =r 
b  2d  b 


2e  A 

Total  capacitance  Ca  =  C1  +  C2=  — — 

d 

If  the  plate  separation  is  decreased  by  x  and  of 
C2  increased  by  x,  then 

=  _£qA_  and  ,  =  £0A 


(d  —x) 


(d  +  x) 


Total  capacitance  Ca'  =  C{  +  C{  = 


E0A2d 

(d2-x2) 


2  £0A 


f  X2 

1  — 

d2 


d 


Thus  CJ  >  Ca,  which  is  choice  (a),  choice  (b)  is 
wrong. 


Case  (b) 


Now 


And  C{  +  C{  = 


C  _  CiC2  =  M 
b  C,  +  C2  2d 

C[C’2 

c;+c' 

4a2 

(d  -  x)(d  +  x) 

2  £QAd 

(d  +  x)(d  -  x) 


Ci  = 


C’C  = 


Hence  choices  (c)  and  (d)  are  wrong.  Thus  the  only 
correct  choice  is  (a). 

20.  Plate  1  is  connected  to  the  the  positive  terminal  of 
the  battery  and  plate  2  is  connected  to  the  negative 
terminal.  Hence 


Qx=cv  = 


£qAV 

d 


Plates  1,  2,  4  and  5  constitute  two  capacitors  in 
parallel;  their  combined  capacitance  is  C’  =  2C. 
Hence 


Qa  =  —  C'V  =  — 


2  £0AV 
d~ 


The  charge  on  plate  4  is  negative  because  it  is  con¬ 
nected  to  the  negative  terminal  of  the  battery.  So  the 
correct  choices  are  (a)  and  (c). 

V 

21.  At  t  =  0,  current  in  each  circuit  =  —  ;  V  =  voltage 

R 

of  the  battery.  Current  decays  as  e~,/T  where  r=RC, 
the  time  constant.  Since  the  time  constant  of  the 
second  circuit  is  twice  that  of  the  first,  it  will  take 
longer  to  lose  50%  of  the  initial  charge  than  the  first 
circuit.  Hence  the  correct  choice  are  (b)  and  (d). 


Questions  1  to  4  are  based  on  the  following  passage 
Passage  I 

A  parallel  plate  capacitor 
consists  of  two  metal  plates, 
each  of  area  A,  separated 
by  a  distance  d.  A  dielectric 
slab  of  the  same  surface 
area  A  and  thickness  t  and 
dielectric  constant  K  is 
introduced  with  its  faces 
parallel  to  the  plates  as 
shown  in  Fig.  21.52. 

1.  The  capacitance  of 
the  system  is 


Fig.  21.52 


on  Passage 

C  = 

£0AK 

id  -t) 

C  = 

£0A 

l  t  \ 

[‘‘-j) 

c  = 

£0A 

d  + 1  (— 
\K 

c  = 

£0A 

-1 


d  +  /  1 - 

K 


21.30  Comprehensive  Physics — JEE  Advanced 


2.  If  K  =  3,  for  what  value  of  tld  will  the  capacitance 
of  the  system  be  twice  that  of  the  air  capacitor 
alone  ? 

(a)  -  (b)  - 

2  3 


3.  If  K  =  3  and  tld  =  1/2,  the  ratio  of  the  energy 
stored  in  the  system  shown  in  the  figure  and  the  air 
capacitor  alone  if  the  charge  is  the  same  in  both 
capacitors  is 

SOLUTION 


(a) 

1 

2 

(b) 

(c) 

2 

3 

(d) 

4.  In  Q.3  above,  the  loss  of  energy  is  due  to 

(a)  heating  of  the  connecting  wires  which 
connect  the  capacitor  with  the  battery. 

(b)  the  flow  of  charge  from  the  capacitor  to  the 
battery. 

(c)  leakage  of  the  capacitor. 

(d)  polarization  of  the  dielectric. 


1.  The  system  is  equivalent  to  a  series  combination 
of  two  capacitor  one  of  thickness  t  filled  with  a 
dielectric  of  dielectric  constant  K  and  the  other  of 
thickness  ( d - 1 )  with  air  as  dielectric.  Their  capaci¬ 
tances  respectively  are 


Cx=^KA 


and 


C,= 


£0A 


(d  - 1 ) 

The  capacitance  C  of  the  system  is  given  by 


1 

C 


1 


1 


or 


c  = 


c1  +  c2 


(1) 


(2) 


(3) 


Ci  c2 

Using  Eqs.  (1)  and  (2)  in  Eq.  (3)  and  simplifying 
we  get 

C=  .=- 


EqA 


d  +  t  (—  - 1 
\K 

So  the  correct  chioce  is  (c). 

2.  The  capacitance  of  the  air  capacitor  alone  is 

EqA 

d 


(4) 


C  = 


(5) 


Dividing  Eq.  (4)  by  Eq.  (5),  we  get 
C_  1 

c7 


i+4i-i 

d\K 


Given  K  =  3  and  C/Ca  =  2.  Thus 

2  =  -f  1 


1  +  1  1-1 
.  d\ 3 


t  3 

which  gives  —  =  —  ,  which  is  choice  (c). 
d  4 

3.  Putting  K  =  3  and  tld  =  -^  in  Eq  (4),  we  get 
c  _ 

d 

£  A  C 

Now  Ca  =  .  Hence  —  =  3.  If  Q  is  the  same, 

d  C 

U„  =  — —  and  U  =  — .  Thus  —  =  - ,  which  is 


2  Ca  2  C 

choice  (b). 

4.  The  correct  choice  is  (d). 


U„ 


Questions  5  to  7  are  based  on  the  following  passage 
Passage  II 

Fig.  21.53  shows  a  network  of  seven  capacitors.  The 
charge  on  the  5  pF  capacitor  is  10  pC. 

5.  The  equivalent  capacitance  between  points  A  and 
B  is 

(a)  2.5  pF  (b)  5  pF 

(c)  7.5  pF  (d)  10  pF 

6.  The  potential  difference  between  points  A  and  B  is 

(a)  2  V  (b)  4  V 

(c)  6  V  (d)  8  V 


3|aF 


Fig.  21.53 
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7.  The  potential  difference  between  points  A  and  C  is 
(a)  y  V  (b)  y  V 

SOLUTION 


(d)  zero 


5.  The  equivalent  capacitance  Cj  of  the  parallel 
combination  of  3  pF,  5  pF  and  4  pF  capacitors  is 
C,  =  3  +  5  +  4  =  12  pF 

The  equivalent  capacitance  C3  of  the  parallel  com¬ 
bination  of  4  pF  and  2  pF  capacitors  is 
C3  =  4  +  2  =  6  pF 

Now  Cj  and  C2  are  in  series.  Their  equivalent 
capacitance  C'  is  given  by 

J_  =  J_  J__  J_  I_I 

C  ~  C~i+C^~Y2  +  4~3 
or  C'  =  3  pF.  The  equivalent  capacitance  C"  of  the 
series  combination  of  C3  and  C4  is  given  by 


As  the  3  pF,  4  pF  and  5  pF  capacitors  are  joined  in 
parallel,  the  potential  difference  across  each  is  the 
same  =  2  V.  Therefore, 

Charge  on  3  pF  capacitor  =  3  x  1 CT6  x  2 

=  6  x  1(T6  =  6  pC 

Charge  on  4  pF  capacitor  =  4  x  1  (T6  x  2 

=  8  x  10  6  C  =  8  pC 

Total  charge  flowing  through  Cx  and  C2  = 
lOpC  +6pC  +  8pC  =  24pC. 

24  pC 

Potential  difference  across  C,  =  ~  77  =  6  V 

2  4pF 


1  _  1  1  _  1  11 
C"  ”  C7  +  Q~_  6  +3  ”  2 
or  C"  =  2  pF.  The  equivalent  capacitance  between 
A  and  B  =  capacitance  of  a  parallel  combination  of 
C'  and  C"  =  C'  +  C'  =  3  +  2  =  5  pF. 

Thus  the  correct  choice  is  (b). 

6.  Given,  charge  on  5  pF  capacitor  =  10  pC  = 
10  X  10  6  C. 

Potential  difference  across  5  pF  capacitor 


10x10 


-6 


5x10 


-6 


=  2  V 


Total  potential  difference  across  AB  =  2  V  +  6  V 

=  8  V 

So  the  correct  choice  is  (d). 

7.  The  equivalent  capacitance  C3  and  C4  is  C" 
=  2  pF.  Therefore,  charge  flowing  throught  C3  and 
C4  =  8Vx2x  10  6F=  16x  10  6C=  16pC.Hence 

the  potential  between  A  and  C  is  =  ^  =  —  V, 

3pF  3 

which  is  choice  (a). 


Questions  8  to  12  are  based  on  the  following  passage 
Passage  III 

Two  capacitors  A  and  B  with  capacitances  3  pF  and  2  pF 
are  charged  to  a  potential  difference  of  1 00  V  and  1 80  V 
respectively.  They  are  connected  to  an  uncharged  2  pF 
capacitor  C  throught  a  switch  S  as  shown  in  Fig.  21.54. 

<  IIT,  1997 


2  uF 


3  |iF  2  |iF  _ 

100  V  180  V 


8.  When  the  switch  is  pressed,  the  charge  flowing 
through  the  circuit  is 

(a)  180  pC  (b)  190  pC 

(c)  200  pC  (d)  210  pC 

9.  When  the  switch  is  pressed,  the  final  charge  on 
capacitor  A  will  be 

(a)  60  pC  (b)  90  pC 

(c)  120  pC  (d)  150  pC 

10.  When  the  switch  is  pressed,  the  final  charge  on 
capacitor  B  will  be 

(a)  150  pC  (b)  160  pC 

(c)  180  pC  (d)  200  pC 

11.  When  the  switch  is  pressed,  the  final  charge  on 
capacitor  C  will  be 

(a)  90  pC  (b)  150  pC 

(c)  210  pC  (d)  300  pC 


Fig.  21.54 
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SOLUTION 


8.  Refer  to  Fig.  21.55.  Let  Q  be  the  charge  flowing 
through  the  circuit.  When  the  switch  is  pressed,  the 
voltages  developed  on  capacitors  A,  B  and  C  are 

Q  „  Q 


vA  = 


Vc  = 


3x10 

Q 

2x10 


-6 


volt, 


VB  = 


2x10 


-6 


volt  and 


-6 


volt. 


c 


Q 

3  x  10-6 


+ 


Q 


2x10 


-6 


Q 

2  x  1 0-6 


=  0 


which  gives  Q  =  210  x  10^6  C  =  210  pC.  So  the 
correct  choice  is  (d). 

9.  The  initial  charge  on  capacitor  A  is  {Q,)A  =  (Vt  Ct)A 
=  100  Vx  3  pF  =  300pC 
.'.  Final  charge  on  A  is 

(Q/h  =  (Qih  -Q  =  300  pc  -  210  pc  =  90  pC  , 

which  is  choice  (b). 

10.  Similarly,  the  final  charge  on  B  is 

(Q/)b  =  (Qih  ~Q  =  ( 180  V)  x  (2  pF)  -  210  pC 
=  360  pC  -210  pC  =  150  pC 
So  the  correct  choice  is  (a). 

11.  From  conservation  of  charge,  we  have 


Fig.  21.55 


(Qf)A  +  (Qf)c  =  300  pC 


Applying  Kirchhoff’s  law  to  the  loop,  we  have 
AVa  +  AVb  -  AVC=  0  or 


(Q/)c  =  300  pC  -  (Qf)A 

=  300  pC  -  90  pC  =  210  pC, 
which  is  choice  (c). 


Questions  12  to  15  are  based  on  the  following  passage 
Passage  IV 

In  the  circuit  shown  in  Fig.  21.56  ,  emf  £,  =  14  V 
(internal  resistance  rx  =  1  Q.),  Rx  =  6  Q,  R2  =  3.5  £2,  emf 
Ej  —12  V  (internal  resistance  r2  =  0.5  Q),  Cx  =  4  pF  and 
C2  =  2  pF. 


c2 

Fig.  21.56 


12. 


13. 


14. 


15. 


SOLUTION 


12.  Current  through  Rx  is 


h  = 


_ 


R\  +  n 


14 
6  +  1 


=  2  A 


Potential  difference  across  R{  is  Vx  =  Ix  Rx  =  2  X  6 
=  12  V,  which  is  choice  (b). 

13.  Current  throught  R2  is 


R U  +  a 


12 


3.5 +  0.5 


=  3  A 


.•.  Potential  difference  across  R2  is  V2  =  I2  R2 
=  3x3.5  =  10.5  V 
So  the  correct  choice  is  (a). 


14. 


15. 


The  potential  difference  across  R  x  is 
(a)  2  V  (b)  12  V 

(c)  14  V  (d)  26  V 

The  potential  difference  across  R2  is 
(a)  10.5  V  (b)  12.5  V 

(c)  15.0  V  (d)  26  V 


The  effective  capacitance  of  the  circuit  is 


(a) 

2  pF 

(b) 

2 

3 

pF 

(c) 

3  pF 

(d) 

4 

3 

pF 

The 

charge  on 

capacitor  C2  is 

(a) 

20  pC 

(b) 

30 

pC 

(c) 

40  pC 

(d) 

60 

pC 

tal  volage  V=  Vx  +  V2  =  12  +  10.5  =  22.5  V 
fective  capacitance  C  = 


_  c\c2 
c,  +  c. 


1x2 


=  -  pF. 

1  +  2  3 

;  correct  choice  is  (d). 

irge  Q  =  CV=  1  x  10  6  x  22.5  =  30  x  10~6  C 


is  the  correct  choice  is  (b). 


=  30  pC 
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Questions  16  to  18  are  based  on  the  following  passage 
Passage  V 

The  inner  and  outer  radii  of  a  spherical  capacitor  are  ra 
and  rb  respectively.  The  outer  sphere  is  given  a  charge 
+  Q  and  the  inner  sphere  is  earthed. 

16.  Out  of  Q,  a  part  Q'  which  will  appear  on  the  outer 
surface  of  the  outer  sphere  is 

Q(rb~ra )  Q(rb~ra) 

(b) 


(a) 


(c) 


' b 

Qrb 


(C) 


ra 

Q>'a 


(rb  -o 


0 rb  ~ra) 

17.  The  charge  Q"  which  appears  on  the  inner  surface 
of  the  outer  sphere  is 

SOLUTION 

16.  Out  of  charge  Q,  a  part  Q'  will  be  on  the  outer 
surface  and  another  part  Q"  will  be  on  the  inner 
surface  of  the  outer  shere  such  that 

Q'+Q"  =  Q  0) 

The  charge  induced  on  the  inner  shhere  =  -  Q" 
(Fig.  21.57). 

Electric  potential  at  shere  B  is 


VB  = 


i  Q' 


4tt£a 


(2) 


Electric  potential  at  the  inner  sphere  A  is 

1 


VA  = 


47T£n 


(a) 

Qn, 

(b) 

ra 

(c) 

Q(rb~ra) 

(d) 

Qra 


Q(rb~ra) 


18.  The  capacitance  of  the  spherical  capacitor  is 


(a)  C  = 

ra 

(b)  C 

(c)  C  = 

47T£0ra2 

(d)  c 

(rb  ~ra  ) 

4  JK0ra 


47T£q'z, 

(rb  ~ra) 


Since  sphere  A  is  earthed,  VA  =  0.  Therefore 

_r+r+g:.„or2»ri- 

ra  rb  rb  Vrb  ra)  rb 

Now  from  Eq.  (1  ),Q"  =  Q-  Q'-  Therefore 

A  Q 


0 Q-Q ’) 


which  given  Q'  = 


r„  -  r. 


r„r. 


=0 


a'b  J 


Q(rb  ~ra) 


Qra 


So  the  correct  choice  is  (a). 

17.  Q"  =  Q  -  Q'  =  Q  - 

rb 

correct  choice  is  (b). 

18.  The  potential  difference  between  A  and  B  is 

v=vB-vA=vB-o=vB 

Using  Eqs  (2)  and  (3)we  have 

_ 1_  Q(rb  ~ra) 

rh 


(3) 


So  the 


V=  — — 9-  = 

4tt£0  rb  4ne0 


The  capacitance  of  the  capacitor  is 

C=Q  =  4  ne0rb 


V  ( rb~ra ) 

The  correct  choice  is  (d). 


Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 


(a)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1 . 

(b)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  NOT  a  correct  explanation  for  Statement- 1 


21.34  Comprehensive  Physics — JEE  Advanced 


(c)  Statement-1  is  True,  Statement-2  is  False. 

(d)  Statement-1  is  False,  Statement-2  is  True. 

1.  Statement-1 

A  parallel  plate  capacitor  is  charged  by  a  d.c. 
source  supplying  a  constant  voltage  V.  If  the  plates 
are  kept  connected  to  the  source  and  the  space 
between  the  plates  is  filled  with  a  dielectric,  the 
charge  on  the  plates  will  increase. 

Statement-2 

Additional  charge  will  flow  from  the  source  to  the 
plates. 

2.  Statement-1 

A  parallel  plate  capacitor  is  charged  by  a  battery  of 
voltage  V.  The  battery  is  then  disonnected.  If  the 
space  between  the  plates  is  filled  with  a  dielectric, 
the  energy  stored  in  the  capacitor  will  decrease. 

Statement-2 

The  capacitance  of  a  capacitor  increases  due  to  the 
introduction  of  a  dielectric  between  the  plates. 

3.  Statement-1 

A  parallel  plate  capacitor  is  charged  by  a  battery. 
The  battery  is  then  disconnected.  If  the  distance 
between  the  plates  is  increased,  the  energy  stored 
in  the  capacitor  will  decrease. 

SOLUTION 


Statement-2 

Work  has  to  be  done  to  increase  the  separation 
between  the  plates  of  a  charged  capacitor. 

4.  Statement-1 

Two  adjacent  conductors  when  given  the  same 
charge  will  have  a  potential  difference  between 
them  if  they  are  of  different  shape  and  size. 

Statement-2 

The  potential  to  which  a  conductor  is  raised 
depends  not  only  on  the  amunt  of  charge  but  also 
on  the  shape  and  size  of  the  conductor. 

5.  Statement-1 

Two  protons  A  and  B 
are  placed  between  the 
plates  of  a  parallel  plate 
capacitor  charged  to  a 
potential  difference  V. 

The  two  protons  will 
experience  the  same 
force.  (Fig.  21.58) 

Statement-2 

The  electric  field  is  uni¬ 
form  between  the  plates. 


(+) 

(-) 

B 

(+) 

• 

(-) 

• 

(+) 

A 

(-) 

(+) 

(-) 

Fig.  21.58 
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1.  The  correct  choice  is  (a).  Since  the  source  supplies  a 
constant  voltage  V,  the  potential  difference  between 
the  plates  remains  equal  to  V  because  the  source  is 
not  disconnected.  The  capacitance  C  increases  due 
to  the  introduction  of  the  dielectric.  Since  Q  =  CV, 
the  charge  Q  on  the  capacitor  plates  will  increase. 

2.  The  correct  choice  is  (b).  The  charge  Q  on  the 
capacitor  plates  remains  unchanged  because  there 
is  no  source  to  supply  extra  charge  as  the  battery 
is  disconnected.  The  capacitance  C  increases  due 
to  the  introduction  of  the  dielectric.  Now,  energy 
stored  U=  Q2/2C.  Since  0  remains  unchanged  and 
C  increases,  U  will  decrease. 


3.  The  correct  choice  is  (d).  The  charge  Q  remains 
unchanged  as  the  battery  is  disconnected.  The 
capacitance  C  decreases  if  the  separation  between 
the  plates  is  increased.  Now,  energy  stored  U  = 
Q1 2/2C.  Since  0  remains  the  same  and  C is  decreased, 
U  will  increase. 

4.  The  correct  choice  is  (a). 

5.  The  electric  field  E  in  the  region  between  the  plates  in 
uniform  except  near  the  edges.  Force  experienced  by 
charge  q  is  F  =  qE.  Since  E  is  constant,  force  F  is  the 
same  independent  of  the  location  of  the  charge  beween 
the  plates.  Hence  both  the  statements  are  correct  and 
Statement-2  is  the  correct  explanation  for  Statement- 1 


# 

Integer  Answer  Type 


1.  A  parallel  plate  capacitor  is  maintained  at  a  certain 
potential  difference.  When  a  3  mm  thick  dielec¬ 
tric  slab  is  introduced  between  the  plates,  the  plate 
separation  had  to  be  increased  by  2  mm  in  order  to 


maintain  the  same  potential  difference  between  the 
plates.  Find  the  dielectric  constant  of  the  slab. 

<  IIT,  1995 
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2.  Find  the  time  constant  (in  microsecond)  of  the 
circuit  shown  in  the  figure.  Given  R1  =  1£2,  R2  =  2  £1 
C,  =  2  pF  and  C2  =  4  pF.  ‘[2005] 


SOLUTION 


Ci 

HH 

c2 

Hh 


r2 


T  V 


1.  If  Q  is  the  charge  on  the  plates,  the  potential  differ¬ 
ence  is 


y  =  Q=Qd 


c 


e0A 


(1) 


Let  d  be  the  new  separation  between  the  plates. 
When  a  slab  of  thickness  t  and  dielectric  constant 
K  is  introduced,  the  new  capacitance  is 


C  = 


e0A 


d'-t  1 


1 

K 

Since  charge  Q  remains  the  same,  the  new  potential 
difference  is 

1 


Y  =  —  = 
C 


d'-t  1- 


K 


£0A 


(2) 


Given  V  =  V.  Equating  Eqs.  (1)  and  (2),  we  get 

d  =  d'  -  t  \  1  — —  ]  or 
K 


d'- d  =  11 - 

l  K 

Given  d'—  d  =2  mm  and  1=2  mm.  Thus 


2  =  3  fl  -  — 
l  K 

Which  gives  K=  3. 


2. 


_ 


R,  x  fG  1x2  2 


R  = 

R i  +  R2  3  +  2  3 
C  =  Cx  +  C2  =  2  +  4  =  6  pF 
2 

r  =  RC  =  -  x  6  =  4  |ts 


Electric  Current  and 
D.C.  Circuits 


REVIEW  OF  BASIC  CONCEPTS 


22.1  |  ELECTRIC  CURRENT 


The  rate  of  flow  of  charge  is  called  electric  current.  If 
the  rate  of  flow  of  charge  does  not  change  with  time,  the 
current  is  said  to  be  steady  or  constant  [Fig.  22.1(a)].  For 
steady  current, 

/=  q- 
t 


where  q  is  the  amount  of  charge  flowing  through  any 
cross-section  of  the  conductor  in  time  t. 


Fig.  22.1 


In  many  situations,  the  current  may  vary  with  time  [Fig. 
22.1(b)  and  Fig.  22.1(c)],  In  such  situations,  the  current 
is  given  by 

/= 

dt 


Convention  regarding  direction  of  current 

In  metallic  conductors,  the  charge  is  carried  by  free  elec¬ 
trons.  In  electrolytes,  the  charge  is  carried  by  positive  and 
negative  ions.  The  direction  of  current  is  taken  to  be  the 
direction  in  which  the  positive  charge  moves.  A  positive 
charge  moving  in  one  direction  is  equivalent  to  negative 
charge  moving  in  the  opposite  direction  (Fig.  22.2) 


positive  charge 

1 

(■)  V'  — 


r  Conductor 


J  GT 


negative  charge 

i 


H  ) 


Fig.  22.2 


j  DRIFT  SPEED  OF  ELECTRONS  IN  A 
111  i  CONDUCTOR 

i 

A  metallic  conductor  has  a  large  number  of  free  electrons. 
When  a  potential  difference  is  applied  across  the  ends  of  a 
conductor,  an  electric  field  is  set  up  in  the  conductor  which 
accelerates  the  electrons  in  the  direction  opposite  to  the 
direction  of  the  electric  field.  Due  to  collisions  with  the 
atoms  of  the  conductor,  these  electrons  move  with  a  velocity 
called  the  drift  velocity  (vd )  which  is  defined  as  the  average 
velocity  of  the  free  electrons  of  the  conductor  under  the 
influence  of  the  electric  field  ( E)  and  is  given  by 


eEr 


where  r  is  the  average  time  beween  two  successive 
collisions  and  is  called  the  relaxation  time.  The  negative 
sign  indicates  that  the  electrons  drift  in  a  direction  opposite 
to  that  of  the  field. 


Relations  between  drift  speed  and  current 

The  drift  speed  is  related  to  current  /  in  a  conductor  as 
/ 


where  n  =  number  of  free  electrons  per  unit  volume, 
e  =  magnitude  of  charge  of  an  electron 
A  =  cross-sectional  area  of  conductor 
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NOTE 


For  moderate  electric  field,  the  drift-speed  of  electrons 
in  a  conductor  is  of  the  of  order  of  a  few  mms-1 . 


22.3  ;  OHM'S  LAW _ 

Ohm ’s  Law  states  that  the  current  flowing  through 
a  conductor  is  directly  proportional  to  the  potential 
difference  across  its  ends,  provided  the  physical  conditions 
of  the  conductor  remain  the  same. 

Thus, 

V  °c  /  or  V  =  RI 

where  R  is  the  resistance  of  the  given  conductor. 


22.4  |  ELECTRICAL  RESISTIVITY 


The  resistance  of  a  wire  is  directly  proportional  to  its 
length  (/)  and  inversely  proportional  to  its  area  of  cross- 
section  (A),  i.e. 


or 


R  oc  —  or  R  =  p  — 
A  A 

RA 


(1) 


where  p  is  a  constant  of  proportionality  and  its  value 
depends  on  the  material  of  the  wire.  The  constant  p  is 
called  the  resistivity  of  the  material  of  the  wire. 


Unit  ofp:  From  Eq.  (1)  we  have 


Unit  of  p 


unit  of  R  x  unit  of  A  ohm  X  (metre)2 
unit  of  /  metre 

=  ohm  metre 


—  — - 1 - 1 - "t~  ... 

R  /?|  R2  Rj 

The  potential  difference  is  the  same  across  each 
resistor.  The  total  current  is  equal  to  the  sum  of  the 
currents  in  the  individual  resistors. 

;  EMF,  TERMINAL  VOLTAGE  AND 
\  INTERNAL  RESISTANCE  OF  A  CELL 

The  potential  difference  between  the  terminals  of  a  cell 
when  it  is  on  an  open  circuit,  i.e.  when  no  current  is  drawn 
from  it  is  called  its  emf  (E). 

The  potential  difference  between  the  terminals  of  a  cell 
when  it  is  in  a  closed  circuit,  i.e.  when  a  current  is  drawn 
from  it  is  called  its  terminal  voltage  (V). 

Every  cell  has  a  resistance  of  its  own  called  its  internal 
resistance  (r).  The  value  of  r  depends  upon  the  nature  of 
electrodes,  the  nature  of  the  electrolyte,  size  of  electrodes 
and  the  distance  between  them. 

Figure  22.3  shows  a  cell  of  emf/:,  internal  resistance  r 
connected  to  an  external  resistance  R. 


r 

E  r 

— Cell 

- wanwa 

R 


Hence  p  is  measured  in  ohm  metre  (or  Q  m). 

Note  that  the  value  of  p  is  independent  of  the  length  and 
the  area  of  cross-section  of  the  wire;  it  depends  only  on 
the  material  of  the  wire.  Thus,  resistivity  is  a  characteristic 
of  the  material.  The  reciprocal  of  resistivity  is  called 
conductivity. 

22.5  j  RESISTORS  IN  SERIES  AND  PARALLEL 

1 .  Resistors  in  series 

When  resistors  are  joined  in  series,  the  total  resis¬ 
tance  R  of  the  combination  is  equal  to  the  sum  of 
the  individual  resistances,  i.e. 

R  =  +  . . . 

The  current  is  the  same  in  all  resistors.  The  total 
potential  difference  across  the  combination  is  equal 
to  the  sum  of  the  potential  differences  across  the 
individual  resistors. 

2.  Resistors  in  parallel 

When  resistors  are  connected  in  parallel,  the 
effective  resistance  of  the  combination  is  given  by 


Fig.  22.3 

Total  resistance  of  the  circuit  =  R  +  r.  The  current  in  the 
circuit  is 


(R  +  r) 

Potential  difference  across  r  is  v  =  Ir 
Potential  difference  across  R  is  V  =  IR.  V  is  called  the 
terminal  voltage  and  v  is  the  potential  drop  across  the 
internal  resistance. 

Thus  E  =  V  +  v  =  I(R  +  r) 

Terminal  voltage  is  V=  E-Ir 

22.7  j  GROUPING  OF  CELLS _ 

(a)  Cells  connected  in  series 

Consider  two  cells  of  emfs  E]  and  E2  and  internal 
resistances  r1  and  r2  connected  in  series  as  shown  in  Fig. 
22.4. 
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Fig.  22.4 


The  equivalent  emf  and  equivalent  internal  resistance  of 
the  combination  is  given  by 

^eq  =  E\  +  E2 

and  req  =  r,  +  r2 

For  n  cells  in  series 


^eq  ~E\  +  E2  +  •••  +  En 

and  rn  =  rl  +  r2  +  . . .  +  rn 

(b)  Cells  connected  in  parallel 
If  the  cells  are  connected  as  shown  in  Fig.  22.5,  then 
Hi 

He  q 

=>  • - 1  I - • 


r2 


r  i 
H2 


Fig.  22.5 


1 


where 

req  '1  '2 

For  n  cells  in  parallel 


1  1 

=  —  +  — 
r„„  r,  a 


,  111  1 
and  —  =  —  + - h ...  +  — 

req  >\  r2  rn 

1.  If  the  individual  cells  have  the  same  emf  E,  and 
the  number  of  cells  connected  in  series  is  n,  the 
emf  of  the  combination  is  nE  and  the  total  internal 
resistance  is  nr,  where  r  is  the  internal  resistance  of 
each  cell. 

2.  When  identical  cells  are  connected  in  parallel  the 
total  emf  =  E,  the  emf  of  any  one  of  the  cells.  Here 
the  sum  of  the  reciprocals  of  the  individual  internal 
resistances  is  equal  to  the  reciprocal  of  the  total 
internal  resistance. 

3.  Cells  should  be  connected  in  series  if  the  external 
resistance  R  is  greater  than  internal  resistance  r. 

4.  Cells  should  be  connceted  in  parallel  if  R  <  r. 

5.  Mixed  grouping  of  cells  is  employed  ifi?  is  compa¬ 
rable  with  r. 

The  current  in  the  circuit  when  n  cells,  each  of  emf 
E,  are  connected  in  series  is  given  by. 


/  = 


nE 


R  +  nr 

The  current  in  the  circuit  when  n  cells,  each  of  emf 
E,  are  connected  in  parallel  is  given  by 

/  - 


nR  +  r 

If  the  arrangement  consists  of  n  rows  of  cells  in 
parallel  each  having  m  cells  in  series,  then 

m  n  E 


/  = 


nR  +  m  r 


EXAMPLE  22.1 


A  current  of  1  A  flows  through  a  wire.  Calculate 
the  number  of  electrons  passing  through  any  cross- 
section  of  the  wire  in  8  seconds. 


SOLUTION 


If  N  is  the  number  of  electrons  passing  through  any 
cross-section  of  the  wire  and  e  is  the  charge  of  an 
electrons,  then 

a  hie 

q  =  Ne  and  I  =  —  =  —  .  Thus 
t  t 

It  1x8  iq 

N=  —  — - rv  =  5  X  10  electrons 

<?  1.6  x  10”  9 


EXAMPLE  22.2 


|  A  copper  wire  of  length  60  cm  and  cross-sectional 
area  1 0  7  m2  carries  a  current  of  1  A.  How  long  will 
an  electron  take  to  drift  from  one  end  of  the  wire  to 
the  other.  Assume  that  there  are  1029  free  electrons 
per  m3  in  copper. 


SOLUTION 


v,,= 


t  = 


I 

enA 

_ T6 _ 

(1.6  x  10~19)  x  (1029)  x  (10~7) 
10~3  ms~' 

—  —  r  =  600  s  =  10  min 
vd  lO"3 


EXAMPLE  22.3 


In  a  discharge  tube,  the  number  of  hydrogen  ions 
(protons)  drifting  through  a  cross-section  is  1 .0  x  1018 
per  second  while  the  number  of  electrons  drifting  in 
the  opposite  direction  is  3.0  x  1018  per  second.  If  the 
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supply  voltage  is  240  V,  what  is  the  effective  resis¬ 
tance  of  the  tube. 


through  a  cross-section  of  the  wire  in  the  time  interval 
?  =  2sto?  =  4s. 


SOLUTION 


I  A  proton  has  a  positive  charge  and  an  electron  has 
an  equal  negative  charge.  Since  a  positive  charge 
and  a  negative  charge  drifting  in  opposite  directions 
produce  current  in  the  same  direction, 

/=  (Np  +  Ne)e 


=  (1.0  x  10 
=  0.64  A 

V  _  240 
/  ~~  0.64 


+  3.0  x  1018)  x  (1.6  x  10~19) 


=  375  £2 


EXAMPLE  22.4 


I  A  potential  difference  of  0.8  V  is  maintained  between 
the  ends  of  a  metal  wire  of  length  1.0  m.  The  number 
density  of  free  electrons  in  the  metal  is  8.0  x  1028 
per  m3  and  the  electrical  conductivity  of  the  metal  is 
6.4  x  107  £2  1  m_1.  Find  the  drift  speed  of  electrons. 


SOLUTION 


I  Conductivity  is  a  =  —  = 

p  RA 

R  =  —  -  and  I  =  —  .  Therefore, 
A  oA  R 

/=  VaA 
L 

But  /  =  enAvd.  Therefore, 

,  Vo  A 

enAv r,  =  - 

d  L 


SOLUTION 


I  —  —  =>  dq  —  Idt  —  (5 1  +  3t2)dt 

dt 

Therefore,  the  amount  of  charge  passing  from  t  =  2  s 
to  t  =  4  s  is 

4 

q  =  |  (5?  +  3  t2)dt 
2 


=  |  x  (42  -  22)  +  (43  -  23) 

=  |  x  (16  -  4)  +  (64  -  8) 
=  86  coulomb 


EXAMPLE  22.6 


A  wire  of  resistance  5  £2  is  drawn  out  so  that  its  length 
is  increased  to  twice  its  original  length.  Find  the  new 
resistance  of  the  wire. 


SOLUTION 


If  a  wire  is  stretched,  its  length  L  increases  and 
its  diameter  and  hence  the  cross-sectional  area  A 
decreases,  but  the  volume  of  the  wire  remains  the 
same.  Hence  AL  =  constant.  Thus 


A2L2 

Given  L2  =  2LV  Therefore  A2 


Original  resistance  R{ 


PL\ 

A 


AA  _  A 
l2  2 


V.r- 


Vo 

Lne 


=  0.8  x  (6.4  x  107) 

1.0  x  (8.0  x  1028)  x  (1.6  x  10~19) 
=  4  x  1 0  3  ms-1  =  4  turns  1 


EXAMPLE  22.5 


I  The  current  /  (in  ampere)  flowing  in  a  wire  varies 
with  time  t  (in  second)  according  to  the  equation 
I  =  5t  +  3 12.  Find  the  amount  of  charge  which  passes 


New  resistance  R1  =  — - 

A 

Resistivity  p  depends  only  on  the  material  of  the  wire 
and  hence  it  remains  the  same. 

A  =  AXA  =2x2  =  4 
A  A  A 

=>  R1  =  4 Rt  =  4  x  5  =  20  £2 


NOTE 


If  a  wire  of  resistance  R  is  stretched  to  n  times  its  original 
length,  the  resistance  of  the  stretched  wire  =  n2R. 
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EXAMPLE  22.7 


I  A  wire  has  a  resistance  of  9  £2.  It  is  cut  into  three 
equal  pieces.  Each  piece  is  stretched  uniformly  to 
three  times  its  original  length.  The  three  streched 
pieces  are  connected  in  parallel.  Find  the  total  resis¬ 
tance  of  the  combination. 


SOLUTION 


Resistance  each  piece  is  R  =  —  =3  0.  The  new 

resistance  of  each  stretched  piece  =  n2R  =  (3)2  X  3  = 
27  O.  The  total  resistance  of  the  parallel  combination 
is  given  by 

11  1  11 
R„  27  27  27  ~  9 


Rp=  9  0 


EXAMPLE  22.8 


HA  wire  is  stretched  to  make  it  0.1%  longer.  What  is 
the  percentage  change  in  the  resistance? 


SOLUTION 


AL  =  constant  =>  AXLX  =  A-,L1 

Given L?  =  L,  +  x L,  =  L,  (1  +  0.001) 
100 

A  _  A 

Al  AiXl2  (1  +  0.001) 


Now  R i  =  and  R2  =  Therefore 

A  A 

R2  =  L2  x  A 

A  A  A 

=  (1  +  0.001)  x  (1  +  0.001) 

=  (1  +  0.001)2  =  1  +  0.002  =  1.002 


R , 


=  1.002  Rx 


Change  in  resistance  A R  =  R2-  Rx  =  0.002  Rx 

A R 

Percentage  increase  in  resistance  =  —  x  100 
=  0.002x  100  =  0.2%  1 

Simple  Method 


Differentiating  ( v  p 

AR  _  AL  AA 

R  L  A 

Also  AL  =  constant 


AA  AL  AA  AL 

—  +  —  =0  =>  —  = - 

A  L  A  L 


Using  (2)  in  (1),  we  get 


AR 

R 


2AL 

L 


=  2  x  0.1%  =  0.2% 


constant) 

(1) 

(2) 


EXAMPLE  22.9 


The  resistance  network  shown  in  Fig.  22.6  is  con¬ 
nected  to  a  battery  of  emf  30  V  and  internal  resistance 
1  Q.  Find  the  current  through  the  6  Q  resistance  and 
the  terminal  voltage  of  the  battery. 


R- 1  =  2  a 
/tf-WWWWW 


R2  =  12  Q 

-w- 

R3  =  6Q 
— WW — 


R4=  4  Q 

-w- 


r=  in 


- 1  I - 

E  =  30  V 


Fig.  22.6 


SOLUTION 


The  equivalent  resistance  of  the  parallel  combination 
of  R2,  R 3  and  R4  is  R',  which  is  given  by 


1  111 

—  — - 1 - 1 — 

R'  12  6  4 


R'  =  2  a 


The  circuit  can  be  redrawn  as  shown  in  Fig.  22.7. 
Rx  =  2Q  R'=  2Q 

t — vwwv - wmt — i 


- 1  HWWW'- 

E  =  30  V 


Fig.  22.7 


AL 

If  —  «  1 ,  the  following  simpler  method  may  be 
used. 

R  =  ?± 


log  R  =  log  p  +  log  L  -  log  A 


Current  in  the  circuit  is 


/  = 


30 


Rx  +  R'  +  /*  2  +  2  +  1 


=  6  A 


Potential  difference  across  Rx  is  Vx  =  IRX  =  6  x  2 
=  12  V 
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Potential  difference  across  R'  is  V'=IR'  =  6x2=12  V, 
which  is  same  across  R2,  R2  and  R4  since  these  resis¬ 
tances  are  in  parallel.  Hence  the  current  through  AC 
=  6  Q  is 


The  potential  drop  in  the  internal  resistance  is 
v  =  Ir  =  6  X  1  =  6  V 


In  the  steady  state,  no  current  flows  through  the 
capacitor  and  hence  through  the  5  IT  resistor.  There¬ 
fore,  the  ciruit  reduces  to  that  shown  in  Fig.  22.9. 

R'=  1.2  Q 

i - WW - 1 


-|  HWW1- 
6  V 


Terminal  voltage  of  the  battery  is 

V  =  E  -v  =  30  -  6  =  24  V 


EXAMPLE  22.10 


Calculate  the  steady  state  current  in  the  3  Q.  resistor  in 

the  circuit  shown  in  Fig.  22.8.  The  internal  resistance 

of  the  cell  is  negligible. 

, - -WW - ’ 

!  2  Q. 


- -W - 1 

3  Q 

C  =  05HF  5Q 

- 1  | - VW\A 

2.8  n 

- 1  I — ww — 

6  V 

Fig.  22.8 


Fig.  22.9 

Current  /  =  -  =  1.5  A 

(1.2 +  2.8) 

Potential  difference  across  R'  is 
V'=  IR'  =  1.5  x  1.2  =  1.8  V 

This  is  also  the  p.d.  across  the  3  Q.  resistor.  Hence  the 

1  8 

current  through  the  3  Q  resistor  is  —  =  0.6  A. 


EXAMPLE  22.11 


A  battery  gives  a  current  of  0.5  A  when  connected 
across  an  external  resistor  of  resistance  12  fl  and  a 
current  of  0.25  A  when  connected  across  an  external 
resistor  of  resistance  25  Q..  Find  the  emf  and  internal 
resistance  of  the  battery. 


SOLUTION 


E=I(R  +  r ) 


SOLUTION 


The  resistance  of  the  parallel  combination  of  2  O  and 
3  O  is 


2x3 
2  +  3 


1.2  Q 


E  =  0.5(12  +  r) 
and  E  =  0.25(25  +  r) 

Equating  (1)  and  (2), 

0.5(12  +  r)  =  0.25(25  +  r)  =>  r  =  1  Q 
Using  r  =  1  Q  in  either  (1)  or  (2)  gives  E  =  6.5  V 


(1) 

(2) 


EXAMPLE  22.12 


■  Determine  the  current  drawn  from  a  12  V  supply  of 
internal  resistance  0.5  Q.  by  an  infinite  network  shown 
in  Fig.  22.10.  Each  resistor  has  a  resistance  of  1  Q. 


SOLUTION 


Let  R  be  the  total  resistance  of  the  network.  Since  the 
circuit  is  infinitely  long,  its  total  resistance  remains 
unaffected  if  one  mesh  is  removed  from  it,  i.e.  the 
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Fig.  22.10 
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resistance  of  the  network  to  the  left  of  PQ  will  also 
be  R  [see  Fig.  22.11] 


R 


RrQ=  *+i 

The  equivalent  resistance  between  A  and  B  is 

J ^ 

which  must  be  equal  to  R,  i.e. 


rab  ~  2  + 


R  +  1 


2  + 


R 


R  +  1 


=  R 


Rz  -  2R  -  2  =  0 


The  positive  root  of  this  quadratic  equation  is  R  =  2.73  £1 
E  12 


Current  /  = 


R  +  r  (2.73  +  0.5) 


=  3.7  A 


EXAMPLE  22.13 


Find  the  equivalent  resistance  between  points  A  and 
B  in  the  network  shown  in  Fig.  22.12.  Each  resistor 
has  a  resistance  of  3  £2. 


Fig.  22.12 


SOLUTION 


The  given  circuit  can  be  redrawn  as  shown  in  Fig.  22. 13. 


3D 

- WWW 

3  a  3  n 

HWVW-|  i-'WWV'-l 


3  £2  3  £2 


-wwv- 

3  £2 


3  n 

i — VWW — i 
3£2 

WW\A 


LjVWW— 1 
3  n 


It  is  clear  that 

1 


R 


AB 


Fig.  22.13 


1  1  1 

— - 1 - 1 - 

3  3  3 


Rab  =  1  ^ 


EXAMPLE  22.14 


Find  the  equivalent  resistance  between  points  A  and  B 
in  the  network  shown  in  Fig.  22. 14,  when 

(a)  switch  S  is  open 

(b)  switch  S  is  closed. 


8  Q  12  Q 


- WW - 1 

, - WW - 

>S 

12  £2 

8  £2 

- wW - 

- WW - 

Fig.  22.14 


SOLUTION 


(a)  When  switch  S  is  open,  the  circuit  is  as  shown  in 
Fig.  22.15. 


8  Q 
-WW1- 


12  Q 
-WW- 


12  £2 
-JWW- 


8  n 

-ww- 


Fig.  22.15 


20x20 
(20  +  20) 


10  Q 


(b)  When  switch  S  is  closed,  the  circuit  can  be 
redrawn  as  shown  in  Fig.  22. 16 


8  £2  12  £2 


i-WVW-n 

— WW/1 — 

12  £2 

8  £2 

— wwv — 

L+WW-1 

4.8  £2  4.8  £2 

A—WM - VWW—  e 


Fig.  22.16 


It  is  clear  that 

Rab  =  4.8  +  4.8  =  9.6  Q 


EXAMPLE  22.15 


Find  the  value  of  current  /  in  the  network  shown  in 
Fig.  22.17. 


Fig.  22.17 
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SOLUTION 


The  circuit  can  be  redrawn  as  shown  in  Fig.  22.18. 
The  resistance  between  A  and  B  is 


*1  = 


2x6 


(2  +  6) 

Resistance  between  C  and  D  is 
3x3 


+  1.5  =  30 


R  = 


(3  +  3) 


=  1.5  D. 


„  T  V  6 
Current  /  "=  =  —  =  4  A 

R  1.5 

2  Q 


6  £2  — VW\i — | 


3  Q 

-m- 


— IH1 - 

6  V 

Fig.  22.18 


22.8  |  KIRCHHOFF'S  LAWS _ 

First  Law  or  Junction  Rule 

The  algebraic  sum  of  the  currents  at  a  junction  in  a  circuit 
is  zero.  The  currents  entering  the  junction  are  taken 
as  positive  and  those  leaving  the  junction  are  taken  as 
negative.  Figure  22.19  shows  a  part  of  a  circuit  having  a 
junction^. 


h  +  h  h  ~  l 4  h  ® 

=>  Ix  +  /2  =/3  +  I4  +  I5 

i.e.  sum  of  currents  entering  a  junction  =  sum  of  currents 
leaving  that  junction. 

Second  Law  or  Loop  Rule 

In  any  closed  circuit  (or  loop),  the  algebriac  sum  of  the 
potential  differernces  across  the  sources  of  current  and 
across  the  resistances  in  the  circuit  (or  loop)  is  zero.  The 
sources  of  current  are  the  emfs  of  the  cells  and  potential 


differences  across  the  resistance  are  the  voltage  drops 

m 

Sign  Convention  for  emfs  and  Voltage  drops 

Consider  the  circuit  shown  in  Fig.  22.20.  The  circuit  has 
three  closed  loops  abefa,  bedeb  and  aedfa.  To  use  the  loop 
rule,  follow  the  following  steps. 


h  e  h 

Fig.  22.20 


(1)  Draw  a  arrow  on  the  top  of  each  cell  pointing  from 
the  positive  to  the  negative  terminal. 

(2)  Choose  a  closed  loop  and  move  in  a  clockwise 
direction  in  that  loop. 

(3)  While  crossing  a  cell,  if  you  are  moving  in  the 
direction  of  the  arrow  drawn  on  the  cell,  the  emf  of 
the  cell  is  taken  as  positive  but  if  you  are  moving 
opposite  to  the  direction  of  the  arrow,  the  emf  is 
taken  as  negative.  Do  not  worry  about  the  direction 
of  the  current  in  the  branch  of  the  circuit  containing 
that  cell. 

(4)  While  crossing  a  resistor,  if  you  are  moving  in 
the  direction  of  the  current  through  that  resistor, 
the  potential  drop  ( IR )  across  the  resistor  is  taken 
as  positive  but  if  you  are  moving  opposite  to  the 
direction  of  the  current,  the  potential  drop  across 
the  resistor  is  taken  as  negative. 

In  the  circuit  shown  in  Fig.  22.20,  there  are  two 
junctions  at  b  and  e.  Applying  the  junction  rule  at  either 
b  or  e  we  have 

h+12=  h  (1) 

Applying  the  loop  rule  to  loops  abefa  and  bedeb  we 
have 

Ex  -  I: 3R3  -  /,/?,  =  0  (2) 

and  -  E2  +  I2R2  +  I3R3  =  0  (3) 

If  the  values  of  Eu  E2,  Rx,  R2  and  R3  are  known,  the 
values  of /[,  I2  and  /3  can  be  obtained  by  the  simultaneous 
solutions  of  Eqs.  (1),  (2)  and  (3). 


NOTE 


1 .  Select  as  many  loops  as  the  number  of  unknowns.  In  the 
circuit  shown  in  Fig.  22.20.  There  are  two  unknowns 
/,  and  I2.  The  third  unknown  /3  is  determined  by  using 
the  junction  rule  [Eq.  (1)].  So  we  select  two  out  of  the 
three  loops. 
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2.  If  the  directions  of  currents  are  not  given,  choose  any 
direction  (clockwise  or  anticlockwise)  in  a  loop  and 
calculate  the  values  of  currents.  If  any  current  turns  out 
to  be  negative,  it  indicates  that  our  choice  of  the  direc¬ 
tion  of  that  current  is  incorrect.  So  reverse  the  direction 
of  that  current.  The  magnitude  of  the  current  remains 
the  same. 


EXAMPLE  22.16 


Figure  22.21  shows  currents  in  a  part  of  an  electrical 
circuit.  Find  the  value  of  current  7. 


SOLUTION 


Applying  the  junction  rule  at  P,  the  current  in  branch 
PQ  =  2  +  2  =  4  A. 

Using  the  junction  rule  at  Q,  the  current  in  branch  OR 
=  4A-1A=3A. 


Using  the  junction  rule  at  R,  we  get 
/+  1.3  A  =  3  A  =>  /=  1.7  A 


EXAMPLE  22.17 


I  In  the  circuit  shown  in  Fig.  22.22,  calculate 

(a)  the  values  of  currents  7),  I2  and  73 

(b)  the  potential  difference  between  points  B  and  E 
Given  £j  =  12  V,  E2  =  6  V,  R1  =  5  Q,  R2  =  3  O  and 
R3  =  2Q 


ABC 


FED 

Fig.  22.22 


SOLUTION 


1(a)  Applying  junction  rule  at  B, 

h+I2=h  (1) 

Applying  loop  rule  to  loop  ABEFA 
I3R3  —  7s,  +  I \R\  =  0 


=>  2/3  -  12  +  57,  =  0 

Applying  loop  rule  to  loop  BCDEB 
—PR2  +  E2  —  I3R3  —  0 
=>  -  3/2  +  6  -  2/3  =  0 

Using  (1)  in  (2)  and  (3),  we  get 


and  -  37, 


2(7,  +  I2)  12  +  5/,  =  0 

77,  +  272  -  12 
6  -  2(7,  +  72)  =  0 
57,  =  6 


(2) 


(3) 


(4) 


27, 


(5) 


48 


18 


Solving  (5)  and  (6)  we  get  7,  =  —  A  ,  7,  =  —  A 

,  T  T  T  66  . 

and  7,  =  7,  +  7,  =  —  A 
1  2  31 

(b)  To  find  potential  difference  between  B  and  E,  we 
start  from  B  and  go  to  E. 

VB-  Ve  =  I3R3  =  X2  =  4.26  V 


EXAMPLE  22.18 


Two  cells  of  emfs  £,  =  1.5V  and  E2  =  2.0  V  and  inter¬ 
nal  resistances  r,  =  1.0  £2  and  r,  =  1.5  £2  respectively 
are  connected  to  an  external  resistor  R  =  2.5  £2  as 
shown  in  Fig.  22.23.  Find  the  potential  difference 

(a)  between  points  A  and  B 

(b)  between  points  A  and  C 

(c)  across  R. 


B  1 

_ 1 _ 1 _ 

'1^ 

— WW1 — 

r2 

R 

Fig.  22.23 


SOLUTION 


We  choose  any  direction  for  the  current  7  in  the  cir¬ 
cuit.  If  the  value  of  7  turns  out  to  be  negative,  then  our 
choice  is  incorrect,  the  direction  of  the  current  has  to 
be  reversed.  Let  us  choose  the  direction  of  7  as  shown 
in  Fig.  22.24. 


-|  [-WW1- 


B  1 


-\  pww 

E2 


-ww - <- 

R  I 


Fig.  22.24 
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Applying  loop  rule  to  loop  ABCDEA, 

—  E\  +  /r]  +  E2  +  Ir  2  +  IR  =  0 

=>  -  1.5  +/x  1.0  +  2.0  +  /x  1.5  +  2.5/=  0 

=>  /  =  -  0.1  A 


Since  /  is  negative,  our  choice  for  the  direction  of  /  is 
incorrect.  So  the  direction  of/ will  have  to  be  reversed 
as  shown  in  Fig.  22.25  where  now  /  =  +  0. 1  A. 


A 


E 


Fig.  22.25 

(a)  VA-VB  =  -El~ Irx  =  -  1 .5  - 0. 1  X  1.0=  1.6  V. 

The  negative  sign  indicates  that  A  is  at  a  lower 
potential  than  B. 

(b)  VB—VC=E2—Ir2  =  2.0 -0.1  x  1.5  =  1.85  V.  Point 
B  is  at  a  higher  potential  that  point  C. 

(c)  VR  =  IR  =  0.1  x  2.5  =  0.25  V. 


EXAMPLE  22.19 


Find  the  value  of  current  /  in  the  circuit  shown  in 
Fig.  22.26. 


Fig.  22.26 


SOLUTION 


IVA  -  VD  =  -  41  -  3/  +  9  -  21 

But  VA=VD  because  points  A  and  D  are  earthed. 

-  9/  +  9  =  0  =>  I  =  1  A 

22.9  ;  WHEATSTONE'S  BRIDGE _ 

The  network  of  four  resistances  P,  Q,  R  and  S  shown 
in  Fig.  22.27  is  called  Wheatstone’s  Bridge.  A  battery 
is  connected  between  A  and  C  and  a  galvanometer  is 
connected  between  B  and  D.  If  the  values  of  P,  Q,  R  and  S 
are  such  that  no  current  flows  through  the  galvanometer, 


the  bridge  is  said  to  be  balanced.  Then  points  B  and  D  are 
at  the  same  potential. 


B 


Condition  for  balanced  Wheatstone’s  Bridge 

The  currents  in  the  branches  of  the  bridge  are  shown  in  the 
figure.  Applying  the  loop  rule  to  loops  ABDA  and  BCDB, 
we  have 

IyP  +  IgG  -I2R=  0  (i) 

and  (/,  -  Ig)Q  -  (I2  +  Ig)S  -IgG  =  0  (ii) 

where  G  is  the  galvanometer  resistance.  For  a  balanced 
bridge,  Ig  =  0.  Putting  I  =  0  in  (i)  and  (ii)  we  get 

ixp-i2r  =  0  =>  f  =  §  (hi) 

and  IXQ  -  I2S  =  0  =>  j~  =  7>  (iv) 

*2  U 

From  (iii)  and  (iv)  we  get 

PR  P  Q 

—  =  —  or  —  =  — 

Q  S  R  S 

This  is  the  condition  for  a  balanced  bridge. 

Figure  22.28  shows  a  simple  form  of  a  Wheatstone’s 
bridge  called  the  metre  bridge. 


The  resistance  of  the  wire  of  length  AD  =  /,  serves  as 
the  resistor  R  and  the  resistance  of  the  wire  of  length  DC 
=  l2  serves  as  the  resistor  S.  If  the  wire  AC  is  uniform, 


Electric  Current  and  D.C.  Circuits  22.11 


the  resistances  of  the  parts  AD  and  DC  of  the  wire  will 
be  proportional  to  their  lengths  /,  and  l2.  For  a  balanced 
metre  bridge,  we  have 

P  _  R  _l i 

Q  ~  ~s~h 


EXAMPLE  22.20 


I  Find  the  equivalent  resistance  betwen  points  A  and  B 
in  the  circuits  shown  in  Figs.  22.29(a),  22.29(b)  and 
22.29(c).  All  resistors  have  the  same  resistance  R. 


EXAMPLE  22.21 


■  Find  the  equivalent  resistance  between  points  A  and 
B  in  the  circuit  shown  in  Fig.  22.31. 

2£i  i  a 


- ww - 

- ww - 

* 

« 

:i  n 

i  n 

2  Q. 

» - ww - 

- WW - < 

Fig.  22.31 


C 


D 


(b)  (c) 


Fig. 


SOLUTION 


■  Circuits  shown  in  Figs.  22.29(b)  and  (c)  can  be 
redrawn  as  the  circuit  shown  in  Fig.  22.29(a),  which 
is  a  balanced  Wheatstone’s  Bridge.  Hence  no  current 
flows  through  the  resistor  between  C  and  D  because 
C  and  D  are  at  the  same  potential.  Hence  this  resistor 
is  ineffective  and  circuits  (a),  (b)  and  (c)  simplify  as 
shown  in  Fig.  22.30.  Hence  the  equivalent  resistance 
between  A  and  B  is  the  resistance  of  the  parallel 
combination  of  resistances  2 R  and  2 R. 


C 


2Rx2R  _R 
(2  R  +  2  R) 


22.29 


SOLUTION 


The  network  of  resistances  shown  in  Fig.  22.31  is 
not  a  balanced  Wheatstone’s  bridge.  In  such  a  case, 
to  find  the  resistance  between  A  and  B.  we  connect  a 
battery  of  voltage  V  across  A  and  B  and  find  the  cur¬ 
rent  /  drawn  from  the  battery  in  terms  of  V  and  find 
the  equivalent  resistance  from  the  relation  V  =  IR. 
Refer  to  Fig.  22.32. 


Fig.  22.32 

The  currents  in  various  branches  are  shown  in  Fig. 
22.32.  Applying  loops  rule  to  loops  ABFGA,  ACDFA 
and  DEBFD  we  have 

V-  l(/-/1)-2(7— 7j  +/2)=  0 


(0 
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2/,  +  /2  (/  -  /,)  =  0 

(ii) 

and 

(71  -  72)  +  2(7-  71  +  72)-  72  =0 

(iii) 

Simplyfing  these  equations  we  get 

37  -  37,  +  27,  =  V 

(iv) 

v — i 

1 

1 

II 

o 

(v) 

and 

27  -  37,  +  472  =  0 

(vi) 

Eliminating  7 ,  from  (v)  and  (vi),  we  have  I2  = - . 

2 

Using  this  value  of/,  in  (v)  we  get  7,  =  —I . 

Using  these  values  of  /,  and  7,  in  (iv)  we  get 

77=5U  =*  -  =  -=1.4  =>  7Ug=1.4£2 
7  5 


EXAMPLE  22.22 


■  Figure  22.33  shows  a  metre  bridge  consisting  of  two 
resistances  Rx  and  R2  connected  to  a  wire  AC  of  length 
100  cm.  The  null  point  is  found  to  be  at  a  distance 
/,  =  40  cm  from  end  A.  When  a  12  £2  resistance  is 
connected  in  parallel  with  R2,  the  null  point  shifts  to 
D2  such  that  l2  =  60  cm.  Find  R  ,  and  R2. 


R-\  R2 


- ww - 

B 

- ww - 

'///\  Y/////////A  \//////y 

/  x 

<  Grf _ 

/ 

/ 

;  / 

!  / 

■  ;  < 

Di  D2 

<  l- 1  > 

<  i2 

I, 

I1 

Fig.  22.33 


SOLUTION 


R, 


i  _ 


40 


R 


2  100-/, 


100-40 


40 

60 


(1) 


When  a  resistance  of  12  £2  is  connected  in  parallel 
with  R2,  the  resistance  of  the  combination  is 


R'2  = 


A 

K 


Rx  x(12  +  R2) 
127? , 


12R2 
12  +  R2 

60 

100-60 

3 

2 


3 

2 


ji  x  (12  +  R2)  =  3 
R2  12R2  2 


Using  (1)  in  (2), 

2  (12  +  7?,)  3 

-x - —  =  -  => 

3  UR2  2 

2 

and  Rx  =  —  R2  = 


R2  =  15  £2 

—  x  15  =  10  £2 
3 


(2) 


22.10  I  THE  POTENTIOMETER _ 

Figure  22.34  shows  a  potentiometer  where  AB  is  a  wire  of 
uniform  cross-section,  E  is  the  driver  battery  and  Ex  is  a 
cell.  The  emf  of  the  battery  is  greater  than  that  of  the  cell. 


Fig.  22.34 

The  principle  of  a  potentiometer  is  based  on  the  fact 
that  the  potential  difference  across  any  length  of  the  wire  is 
proportional  to  that  length  of  the  wire.  If  R  is  the  resistance 
of  the  potentiometer  wire  AB  and  L  is  its  length,  then 
R  =  pL/A  where  p  is  the  resistivity  of  the  material  of  the 
wire  and  A  its  cross-sectional  area.  From  Ohm’s  law, 

V  =  IR  or  V  =  IpL/A  =  KL  where  K  =  Ip/A,  which  is 
constant  for  a  given  wire.  Hence 

V  oc  L 
V 

or  —  =  K  =  potential  gradient  or  fall  of  potential  per 

unit  length  of  the  potentiometer  wire.  Hence  potential 
difference  v  across  any  portion  /  of  the  wire  is  v  =  KL  The 
galvanometer  will  show  no  deflection  if  v  =  emf  E  of  the 
cell  E  or  E  =  v  =  Kl.  The  length  I  is  called  the  balancing 
length  of  the  potentiometer  wire.  At  balance  point, 
potential  difference  across  l  due  to  the  driver  cell 

V  =  emf  of  cell  E 

Applications  of  potentiometer 

1 .  Comparison  of  emfs  of  two  cells 

If  /,  and  l2  are  the  balancing  lengths  will  cells  of 
emfs  Ex  and  E2,  then 

Ex  =  Klx  and  E2  =  Kl2 

Ex  _  Klx  _  /, 

E2  Kl2  l2 


Electric  Current  and  D.C.  Circuits  22.13 


2.  Determination  of  internal  resistance  of  a  cell 
If  /,  is  the  balancing  length  will  cell  of  emf  E  when 
switch  S  is  open  [Fig.  22.35],  then 
E=Klx 


R  S 


Fig.  22.35 

A  known  resistance  R  is  connected  across  the  cell  E, 
switch  S  is  closed  and  the  new  balancing  length  l2  is 
found,  then  (since  a  current  is  now  drawn  from  cell  E),  the 
terminal  voltage  V  of  E  is  equal  to  Kl2,  i.e. 

V=  KL 


E 

V 


Klx  _  /, 
KL  ~  L 


Now  E  =  V  +  v  =  IR  +  Ir  where  /  is  the  current  drawn 
from  E  and  r  is  its  internal  resistance.  Thus 


V  +  v  /, 


V 


-  !L 
l , 


i+-=i 
V  L 


v 

V 


-  =  ^  -1 


Ir 

IR 


-  =  ±-l 


r=  R 


^-1 

v4 


Knowing  the  values  of  R,  /,  and  R2,  the  value  of  r  is 
determined. 


EXAMPLE  22.23 


I  A  uniform  wire  of  length  400  cm  and  resistance 

2  Q  is  used  in  a  potentiometer.  The  wire  is  connected 
in  series  with  a  battery  of  emf  5  V  and  an  external 
resistance  of  3  Q.  With  a  cell  of  unknown  emf  E,  the 
balancing  length  is  found  to  be  250  cm.  Find  (a)  the 
potential  gradient  along  the  potentiometer  wire  and 
(b)  the  value  of  E. 


SOLUTION 


Refer  to  Fig.  22.36.  AB  =  L  =  400  cm  =  4m,f  =  2Q, 
R  =  3  Q  and  V=5  V,  and  AC  =  l  =  250  cm  =  2.5  m. 


Fig.  22.36 


(a)  Current  in  AB  due  to  driver  cell  is 


(R  +  r)  (3  +  2) 

Potential  drop  across  AB  =  Ixr 

=  1  X  2  =  2  V 

2V 

Potential  gradient  along  AB  is  K=  - 

4  m 

=  0.5  Vm"1 2 

(b)  E  =  Kl=  0.5  x  2.5  =  1.25  V 


EXAMPLE  22.24 


I  In  the  potentiometer  circuit  shwon  in  Fig.  22.37 , 
find  the  value  of  /  when  the  galvanometer  shows  no 
deflection.  The  length  of  wire  AB  is  100  cm  and  its 
resistance  is  3  O. 


0.5  n 

Fig.  22.37 


SOLUTION 


Current  flowing  in  AB  due  to  driver  cell  of  em  3.0  V  is 
3.0 


h  = 


(12  +  3) 


=  0.2  A 
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Potential  difference  across  AB  due  to  E]  is 
=  0.2  x  3  =  0.6  V 


Potential  difference  across  /  due  to  El  is  (/  is  in  cm) 

(1) 


jy.  0.6  , 

V,  =  - x/ 

100 


Current  through  0.5  £2  resistance  due  to  E2  is 

2.0 


=  1.0  A 


(1.5 +  0.5) 

Potential  difference  across  0.5  £2  resistance 


=  0.5  x  1.0  =  0.5  V. 


At  balance  length  /,  the  potential  difference  across  l 
due  to  E2  is 

V\  =  0.5  V  (2) 


At  balance  point  Vt  =  V't.  Equating  (1)  and  (2),  we 
have 

x  1  =  0.5  =>  l  =  83.3  cm 

100 


EXAMPLE  22.25 


I  The  length  of  a  potentiometer  wire  is  600  cm  and 
it  carries  a  current  of  40  mA.  For  a  cell  of  emf  2V 
and  internal  resistance  10  £2,  the  balancing  length  is 
found  to  be  500  cm.  If  a  voltmeter  is  connected  across 
the  cell,  the  balancing  length  is  decreased  by  10  cm. 
Find  (a)  the  resistance  of  the  potentiometer  wire,  (b) 
the  resistance  of  voltmeter  and  (c)  the  reading  of  the 
voltmeter. 


SOLUTION 


Refer  to  Fig.  22.38.  AB  =  600  cm,  /=  40  mA  =  0.04  A, 
AC  =  500  cm  and  AC'  =  490  cm.  Let  r  be  the  resis¬ 
tance  of  AB. 


V 

_ 1 , _ 

\  1 

C’ 

t  ' 

E  =  2  V 

- 1 - HWW— 

i - (f) — - 

10  n 


voltmeter 


Fig.  22.38 

r  , 

(a)  Resistance  per  cm  of  AB  = -  £2  cm  .  There - 

600 

r 

fore,  the  resistance  of  AC  is  Rjr  =  -  x  500  = 

c  600 

—  £2 
6 


Potential  difference  across  A  C  due  to  driver 
cell  is 

VAC  =  IRac  =  0.04  x  ——  volt  (1) 
6 

When  the  voltmeter  is  not  connected,  the  poten¬ 
tial  difference  across  AC  due  to  cell  of  emf  E  is 
2  V  (because  no  current  is  drawn  from  it  at  the 
balance  point.  Hence 

Vac  =2 


0.04  X  5 r 


6 


=  2 


r  =  60  £2 


(b)  Let  R  be  the  resistance  of  voltmeter.  When  it  is 
connected  across  E,  the  current  drawn  from  the 
cell  of  emf  2  V  is 


I'  = 


2 

R  +  10 


Potential  difference  across  the  voltmeter  is 


Vr  =  I'R  = 


2  R 

R  +  10 


VR  must  be  equal  to  the  potential  difference 
across  AC'  due  to  the  driver  cell. 


VR  =  resistance  of  AC'  x  current  / 


2  R 


60  X  490 
600 

^  (R  +  10)  =  1,96  ^ 
(c)  Voltmeter  reading  is 

Fi-  “ 


x  0.04  =  1.96 
R  =  490  £2 


2x490 


(R  +  10)  (490  +  10) 


=  1.96  V 


22.11  ;  AMMETER 


Ammeter  is  used  for  measuring  current  in  a  circuit.  It  is 
a  galvanometer  having  a  very  small  resistance  (called 
shunt)  connected  in  parallel  with  it.  The  ammeter  is  always 
connected  in  series  in  the  circuit  the  current  through  which 
is  to  be  measured. 


Ammeter 


Fig.  22.39 

The  range  of  an  ammeter  is  the  maximum  current  it 
can  measure.  The  value  of  the  shunt  resistance  determines 
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the  range  of  an  ammeter.  Figure  22.39  shows  a  part  of  a 
circuit,  where 

/  =  current  to  be  measured, 

G  =  galvanometer  resistance, 

I  =  current  through  the  galvanometer  for  full  scale 
deflection,  and 
S  =  shunt  resistance 

It  is  clear  that  (since  p.d.  across  G  =  p.d.  across  S) 


IgG  =  IsS.  Also  I  =  Ig  +  Is 
IgG  =  (I-  Ig)S 


EXAMPLE  22.26 


I  A  galvanometer  of  resistance  20  £2  gives  full  scale 
deflection  when  a  current  of  1  mA  is  passed  through  it 

(a)  How  will  you  convert  it  into  a  ammeter  that  can 
reads  currents  upto  1 .0  A? 

(b)  What  is  the  resistance  of  the  ammeter?  When  it 
is  connected  in  a  circuit,  does  it  read  slightly  less 
or  more  than  the  actual  current  in  the  original 
circuit? 


SOLUTION 


(a)  Given /=  1.0  A,/„=  1  mA=  00.1  A  and  G  =  20  £2. 


5  = 


(  4  1 

f 

g 

G  = 

U-4J 

V 

0.001 


x  20  -  0.02  £2 


The  required  shunt  resistance  is  0.02  £2. 
(b)  Resistance  of  the  ammeter  is 

GS  20  x  0.02 


Ra  = 


G  +  S  (20  +  0.02) 


-  0.02  £2 


Since  the  ammeter  is  connected  in  series  in 
the  circuit,  it  will  slightly  increase  the  total 
resistance  of  the  circuit  and  hence  the  current 
in  the  circuit  will  slightly  decrease.  Hence  the 
ammeter  will  read  slightly  less  than  the  actual 
current. 


The  range  of  a  voltmeter  is  the  maximum  voltage  it  can 
measure.  The  range  is  determined  by  the  value  of  high 
resistance  connected  in  series  with  it.  Figure  22.40  shows 
a  voltmeter,  where 

V  =  voltage  to  be  measured, 

Ig  =  current  for  full  scale  deflection 
R  =  required  high  resistance. 


'y«- Voltmeter 


•In 


-(C^) — VWV — j — •  B 


V- 


Fig.  22.40 


It  is  clear  that 


V=  VG  +  vR 

=  4G  +  // 


=> 


v_ 

/„ 


G  +  R 


-  R 


EXAMPLE  22.27 


A  galvanometer  of  resistance  20  £2  gives  full  scale 
deflection  when  a  current  of  1  mA  is  passed  through  it. 

(a)  How  will  you  convert  it  into  a  voltmeter  that  can 
read  voltages  up  to  5  V? 

(b)  What  is  the  resistance  of  the  voltmeter?  When  it 
is  connected  across  a  resistor  in  a  circuit,  will  it 
read  slightly  less  or  more  than  the  original  volt¬ 
age? 


SOLUTION 


(a)  Given  G  =  20  £2,  Ig  =  1  mA=  0.001  A  and  V=  5  V. 

R  =  —  -  G  =  — -  20  =  4980  £2 

Ig  0.001 


22.12  |  VOLTMETER _ 

Voltmeter  is  used  for  measuring  potential  difference  across 
a  resistor  in  a  circuit.  It  is  a  galvanometer  having  a  very 
high  resistance  connected  in  series  with  it.  The  voltmeter 
is  always  connected  in  parallel  with  the  resistor  across 
which  the  potential  difference  is  to  be  measured. 


The  required  high  resistance  to  be  connected  in 
series  with  the  galvanometer  is  4980  £2. 

(b)  Resistance  of  voltmeter  is 

Rv  =  R  +  G  =  4980  +  20  =  5000  £2 

When  the  voltmeter  is  connected  across  a  resis¬ 
tor  of  resistance  R  «RV,  the  current  in  the  main 
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circuit  divides  between R  and Rv.  Since  Rv»  R, 
a  small  current  will  flow  through  the  voltmeter. 
Hence  the  current  through  R  decreases  slightly. 
From  Ohm’s  law,  the  potential  differernce  across 
R  will  decrease  slightly.  Hence  the  voltmeter  will 
read  slightly  less  than  the  actual  voltage  across 
R. 


.EXAMPLE  22.28 


Two  resistors  of  400  £2  and  600  £2  are  connected 
in  series  with  a  5.0  V  battery  of  negligible  internal 
resistance. 

(a)  An  ammeter  of  resistance  20  £2  is  used  to  mea¬ 
sure  the  current  in  the  circuit.  Find  the  error  in 
the  measurement  of  current. 

(b)  A  voltmeter  of  resistance  9600  £2  is  used  to  mea¬ 
sure  the  potential  difference  across  the  400  £2 
resistor.  Find  the  error  in  the  measurement  of 
potential  difference. 


SOLUTION 


(a)  Actual  current  without  ammeter  in  the  circuit  is 
(Fig.  22.41) 

5.0  V 


20  Q 


Ammeter 


400  Q  600  Q 

A/WV - VWV 


Hence  the  ammeter  reads  less  than  the  actual 
current.  Error  in  the  measurement  of  current  = 
5.0  mA  —  4.9  mA  =0.1  mA 


(b)  When  a  voltmeter  of  resistance  9600  £2  is  con¬ 
nected  across  the  400  £2  resistor  as  shown  in  Fig. 
22.42,  the  equivalent  resistance  of  the  combina¬ 
tion  is 


400  x  9600 
(400  +  9600) 


=  384  £2 


5.0  V 


Fig.  22.42 

Total  resistance  of  the  circuit  is 
R'  =  384  +  600  =  984  £2 
Current  in  the  circuit  is 


r=  —a 

984 


The  potential  difference  indicated  by  the  volt¬ 
meter  will  be 


Fig.  22.41 

I  =  - — -  =  0.005  A  =  5  mA 

(400  +  600) 

When  the  ammeter  is  connected,  the  total  resis¬ 
tance  =  400  +  600  +  20  =  1020  £2.  The  current 
indicated  by  the  ammeter  will  be 

I'  =  =  0.0049  A  =  4.9  mA 

1020 


V'=  —  x  384  =  1.95  V 
984 

Actual  potential  difference  across  the  400  £2 
resistance  (without  voltmeter  connected  across 
it)  is 

V  =  /  x  400  =  0.005  x  400  =  2.0  V 

Hence  the  voltmeter  reads  less  than  the  actual 
voltage.  Error  in  measurement  =  2.0  -  1.95  = 
0.05  V 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  Two  wires  of  equal  lengths,  equal  diameters  and 
having  resistivities  pl  and  p2  are  connected  in  series. 
The  equivalent  resistivity  of  the  combination  is 

(a)  (p1  +  p2)  (b)  ^  (Pi  +  p2) 


(c) 


Pi  Pi 

(A  +Pi) 


(d)  Vaa 


2.  A  voltmeter  of  resistance  400  £2  is  used  to  measure 
the  emf  of  a  cell  of  internal  resistance  2  £2.  The 
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3. 


4. 


5. 


percentage  error  in  reading  of  the  voltmeter  is  very 
nearly  equal  to 

(a)  0.5%  (b)  0.8% 

(c)  1%  (d)  1.25% 

In  the  circuit  shown  in  Fig.  22.43,  the  current 

through  the  1 0  £2  resistor  is 

(a)  i  A  00  ±  A 
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Fig.  22.45 


6.  In  the  circuit  shown  in  Fig.  22.46,  the  reading  of 
ammeter  is 


(a)  1  A 


(b)  2  A 


3  n 

2  n 

(c)  3  A 

(d)  4  A 

- ww - 

- ww - 
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Fig.  22.46 


Fig.  22.43 


In  the  circuit  shown  in  Fig.  22.44,  if  a  wire  of 
negligible  resistance  is  connected  between  P  and 
Q,  a  current  of 


(a) 

(b) 

(c) 

(d) 


1 

3 

1 

3 

2 

3 

2 

3 


A  flows  from  P  to  Q 
A  flows  from  Q  to  P 
A  flows  from  P  to  0 
A  flows  from  Q  to  P 


7.  In  the  circuit  shown  in  Fig.  22.47,  the  equivalent 
resistance  between  points  A  and  B  is 


8.  In  the  circuit  shown  in  Fig.  22.48,  the  equivalent 
resistance  between  points  A  and  B  is 


Fig.  22.44 


In  the  circuit  shown  in  Fig.  22.45,  current  I2  =  0. 
The  value  of  E  is 


(a)  3  V  (b)  6  V 

(c)  9  V  (d)  12  V 


(d)  2  R  Fig.  22.48 

9.  A  voltmeter  having  a  resistance  of  1800  Q.  is  used 
to  measure  the  potential  difference  across  a  200  Q. 
resistor  which  is  connected  to  a  power  supply  of 
emf  50  V  and  internal  resistance  of  20  Li.  The  per¬ 
centage  decrease  in  the  potential  difference  across 
the  200  Q  resistor  when  the  voltmeter  is  connected 
across  it  is 
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(a)  1%  (b)  5% 

(c)  10%  (d)  25% 

10.  The  driver  cell  of  a  potentiometer  has  an  emf  of  2  V 
and  negligible  internal  resistance.  The  potentiom¬ 
eter  wire  is  1  m  long  and  has  a  resistance  of  5  Q. 
The  resistance  which  must  be  connected  in  series 
with  the  wire  so  as  to  have  a  potential  difference  of 
5  mV  across  the  whole  wire  is 

(a)  1985  £2  (b)  1990  £2 

(c)  1995  £2  (d)  2000  £2 

11.  A  potentiometer  wire  has  length  L  and  the  emf  of 
the  driver  cell  is  E0  with  negligible  internal  resis¬ 
tance.  With  a  cell  of  emf  E,  the  balance  length  is 
Li 4.  If  the  length  of  the  potentiometer  wire  is  dou¬ 
bled  (without  changing  its  diameter),  the  new  bal¬ 
ance  length  with  the  same  cell  will  be 

L 


(a)  T 


(c)  - 


(b)  - 


(d)  — 


L 

3 

2  L 

J 


io  a 

A  A  A  A  A_ 


1  Cl 


12.  In  Fig.  22.49,  the 
galvanometer 
shows  no  deflec¬ 
tion.  What  is  the 
resistance  XI 

(a)  7  £2 

(b)  14  £2 

(c)  21  £2 

(d)  28  £2  Fig.  22.49 

13.  Three  resistances  of  4  Q  each  are  connected  as 
shown  in  Fig.  22.50.  If  the  point  D  divides  the  resis¬ 
tance  into  two  equal  halves,  the  resistance  between 
points  A  and  D  will  be 

(a)  12  £2  (b)  6  £2 


(c)  3  £2 


(d) 


-  £2 
3 


Fig.  22.50 

14.  The  range  of  a  voltmeter  is  5  V  and  its  resistance 
is  5000  £2  (4900  £2  connected  in  series  with  a  coil 
of  resistance  100  £2).  What  additional  resistance 


should  be  connected  in  series  with  it  so  that  its 
range  is  doubled? 

(a)  5000  £2  (b)  4500  £2 

(c)  4000  £2  (d)  3500  £2 

15.  Three  unequal  resistances  connected  in  parallel 
are  equivalent  to  a  single  resistance  of  1  £2.  If  two 
resistances  are  in  the  ratio  of  1 :2  and  if  no  resistance 
is  fractional,  the  largest  of  three  resistances  is 
(a)  4  £2  (b)  6  £2 

(c)  8  £2  (d)  12  £2 


16.  The  smallest  resistance  that  can  be  obtained  by 
combining  n  resistors,  each  of  resistance  R  is 


(a)  nlR 

(c)  - 

n 


(b)  nR 

«o  4 


17.  A  wire  of  resistance  4  £2  is  bent  into  a  circle.  The 
resistance  between  the  ends  of  a  diameter  of  the 
circle  is 


(a)  4  £2 

(c)  -  £2 
4 


(b)  1  £2 

(d)  —  £2 
16 


18.  Figure  22.51  shows  a  network  of  eight  resistors 
numbered  1  to  8,  each  equal  to  2  £2,  connected  to 
a  3  V  battery  of  negligible  internal  resistance.  The 
current  /  in  the  circuit  is 


(a)  0.25  A  (b)  0.5  A 

(c)  0.75  A  (d)  1.0  A 


E  F 


Fig.  22.51 

19.  A  uniform  wire  of  resistance  4  £2  is  bent  into  the 
form  of  a  circle  of  radius  r.  A  specimen  of  the  same 
wire  is  connected  along  the  diameter  of  the  circle. 
What  is  the  equivalent  resistance  across  the  ends  of 
this  wire? 


(a) 


(c) 


(4  +  n) 
2 


£2 


£2 


(b) 


(d) 


(3  +  ff) 

1 


£2 


£2 


(2  +  n)  (1  +  n) 

20.  A  battery  of  emf  10  V  is  connected  to  resistances 
as  shown  in  Fig.  22.52.  The  potential  difference 
between  points  A  and  B  is 
(a)  -  2  V  (b)  2  V 


(c)  5  V 


(d)  —  V 
11 
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IQ  a  3  Q 

A/vW — • - WW - 1 


a/vW — ^ — WvV - 1 

3  Q  IQ 


Fig.  22.52 

21.  In  the  circuit  shown  in  Fig.  22.53,  when  the  key  K  is 
pressed  at  time  t  =  0,  which  of  the  following  state¬ 
ments  about  current  7  in  the  resistor  AB  is  true? 

(a)  7  =  2  rnA  at  all  t 

(b)  7  oscillates  between  1  mA  and  2  mA 

(c)  7=1  mA  at  all  t 

(d)  At  t  =  0,  7  =  2  mA  and  with  time  it  goes  to 
1  mA. 


1000  Q 


Fig.  22.53 


22.  You  are  given  several  identical  resistances  each 
of  value  R  =  10  £2  and  each  capable  of  carrying 
a  maximum  current  of  1  A.  It  is  required  to  make 
a  suitable  combination  of  these  resistances  to 
produce  a  resistance  of  5  £2  which  can  carry  a  cur¬ 
rent  of  4  A.  The  minimum  number  of  resistances 
required  is 

(a)  4  (b)  10 

(c)  8  (d)  20 

23.  Two  cells  of  the  same  emf  E  and  different  internal 
resistances  rx  and  r2  are  connected  in  series  to  an 
external  resistance  R.  The  value  of  R  for  which  the 
potential  difference  across  the  first  cell  is  zero  is 
given  by  (see  Fig.  22.54) 


0  r2 


— V\AAA 

R 

Fig.  22.54 


(a)  R  =  ZL 

(b)  R  =  +  r. 

r2 

(c)  R  =  rx  -  r2 

(d)  R  =  rx  =  r. 

2  Q  2  Q  2  Q 


Fig.  22.55 

24.  The  equivalent  resistance  of  the  following  infinite 
network  shown  in  Fig.  22.55  is 

(a)  less  than  4  Q 

(b)  4  £2 

(c)  more  than  4  12  but  less  than  12  £2 

(d)  12  12 

25.  A  steady  current  flows  in  a  metallic  conductor  of 
non-uniform  cross-section.  The  quantity/quantities 
that  remains/remain  constant  along  the  length  of 
the  conductor  is/are 

(a)  current,  electric  field  and  drift  speed 


(b)  drift  speed  only 

(c)  current  and  drift  speed 

(d)  current  only 

HlIT,  1997 

26.  In  the  circuit  shown  in  Fig.  22.56,  the  current 
through 

(a)  the  3  £2  resistor  is  0.50  A 

(b)  the  3  £2  resistor  is  0.25  A 

(c)  the  4  £2  resistor  is  0.50  A 

(d)  the  4  £2  resistor  is  0.25  A 

HlIT,  1998 
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4£! 


27.  A  conductor  of  resistance  3  £2  is  stretched  uniformly 
till  its  length  is  doubled.  The  wire  is  now  bent  in 
the  form  of  an  equilateral  triangle.  The  effective 
resistance  between  the  ends  of  any  side  of  the 
triangle  in  ohms  is: 


(a)  - 
2 


(b)  £ 
3 


(c)  2  (d)  1 

28.  The  resistance  of  the  series  combination  of  two 
resistances  is  S.  When  they  are  joined  in  parallel, 
the  total  resistance  is  P.  If  S  =  nP,  the  minimum 
possible  value  of  n  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

29.  An  electric  current  is  passed  through  a  circuit  con¬ 
sisting  of  two  wires  of  the  same  material,  connected 
in  parallel.  If  the  lengths  and  radii  of  the  wires  are 

,  4  2 

in  the  ratio  of  —  and  —  respectively,  then  the  ratio 
of  the  currents  passing  through  the  wires  will  be 


(a)  3 


(c)  - 

9 


(b)  A 

3 

(d)  2 


30. 


31. 


In  a  metre  bridge  experiment  null  point  is  obtained 
at  20  cm  from  one  end  of  the  wire  when  resis¬ 
tance  X  is  balanced  against  another  resistance  Y.  If 
X  <  Y,  then  where  will  be  the  new  position  of  the 
null  point  from  the  same  end,  if  one  decides  to 
balance  a  resistance  of  AX  against  Y? 

(a)  50  cm  (b)  80  cm 

(c)  40  cm  (d)  70  cm 

Seven  resistors,  each  of  resistance  5  £2,  are 
connected  as  shown  in  Fig.  22.57.  The  equivalent 
resistance  between  points  A  and  B  is 
(a)  1  Q  (b)  7  £2 

(c)  35  £2  (d)  49  £2 


32.  Figure  22.58  shows  a 
circuit  with  two  cells 
in  opposition  to  each 
other.  One  cell  has  an 
emf  of  6  V  and  inter¬ 
nal  resistance  of  2  £2 
and  the  other  cell  has 
an  emf  of  4  V  and 
internal  resistance 
of  8  £2.  The  potential 
difference  across  the 
terminals  X  and  Y  is 
(a)  5.4  V 
(c)  5.8  V 


6  V,  2  £2 


1 - 

X 

Y 

1 - 

4  V,  8  £2 


Fig.  22.58 


(b)  5.6  V 
(d)  6.0  V 

33.  A  copper  wire  of  length  50  cm  and  area  of  cross- 
section  10~6  m2  carries  a  current  of  1  A.  If  the  resis¬ 
tivity  of  copper  is  1.8  x  10~8  £2m,  the  electric  field 
across  the  wire  is 

(a)  9  VnT1  (b)  0.9  VnT1 

(c)  0.09  VnT1  (d)  0.009  VnT1 

34.  Figure  22.59  shows  a  network  of  seven  resistors 
numbered  1  to  7,  each  equal  to  1  £2,  connected  to 
a  4  V  battery  of  negligible  internal  resistance.  The 
current  /  in  the  circuit  is 

(a)  0.5  A  (b)  1.5  A 

(c)  2.0  A  (d)  3.5  A 
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4  V 


Fig.  22.59 

35.  In  the  circuit  shown  in  Fig.  22.60,  the  ammeter  A 
reads  zero.  If  the  batteries  have  negligible  internal 
resistance,  the  value  of  R  is 
(a)  10  £2  (b)  20  £2 

(c)  30  £2  (d)  40  £2 


Fig.  22.60 


36.  What  is  the  potential  difference  between  points 
C  and  D  in  the  circuit  shown  in  Fig.  22.61? 

(a)  3.6  V  (b)  7.2  V 

(c)  10.8  V  (d)  12  V 

C-|  =  1  |iF  C2  =  2 


12  V  in 


Fig.  22.61 

37.  In  the  circuit  shown  in  Fig.  22.62,  the  effective 
resistance  between  A  and  B  is 


R  c  R 


Fig.  22.62 


(a)  |  (b)  R 

(c)  2  R  (d)  4  R 

38.  The  resistance  of  each  arm  of  a  Wheatstone’s  bridge 
is  10  £2.  A  resistance  of  10  £2  is  connected  in  series 
with  the  galvanometer.  The  equivalent  resistance 
across  the  battery  will  be 

(a)  10  £2  (b)  15  £2 

(c)  20  £2  (d)  40  £2 

39.  A  set  of  n  identical  resistors,  each  of  resistance 
R  ohm  when  connected  in  series  has  an  effective 
resistance  ofx  ohm.  When  the  resistors  are  connected 
in  parallel,  the  effective  resistance  isy  ohm.  What  is 
the  relation  between  R,  x  and  yl 

(a)  R  =  7  —  7  (b)  R  =  (y  -  x) 

(• x  +  y) 

(c)  R  =  yfxy  (d)  R  =  (x  +  y) 

40.  The  effective  resistance  of  a  number  of  resistors 

connected  in  parallel  in  x  ohm.  When  one  of 
the  resistors  is  removed,  the  effective  resistance 
becomes  y  ohm.  The  resistance  of  the  resistor  that 
is  removed  is 

(a)  (b) 

(X  +  y)  [y-  x) 

(c)  (y-x)  (d)  yfxy 

41.  You  are  given  48  cells  each  of  emf  2  V  and  internal 

resistance  1  £2.  How  will  you  connect  them  so  that 
the  current  through  an  external  resistance  of  3  £2  is 
the  maximum? 

(a)  8  cells  in  series,  6  such  groups  in  parallel 

(b)  12  cells  in  series,  4  such  groups  in  parallel 

(c)  16  cells  in  series,  3  such  groups  in  parallel 

(d)  24  cells  in  series,  2  such  groups  in  parallel 

42.  In  the  electrical  circuit  shown  in  Fig.  22.63,  the 
current  through  the  galvanometer  will  be  zero  if  the 
value  of  resistance  x  is 

(a)  4  £2  (b)  8  £2 

(c)  16  £2  (d)  24  £2 


2Q  3Q  4  Q 


Fig.  22.63 
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Fig.  22.64 


43.  The  reading  of  the  ammeter  in  the  circuit  in 
Fig.  22.64  is 

(a)  l  A  (b) 


«  A 
5 


6 


(d)  A 


(0  -  A 

44.  Eight  cells  marked  1  to  8,  each  of  emf  5  V  and 
internal  resistance  0.2  £2  are  connected  as  shown 
in  Fig.  22.65.  What  is  the  reading  of  the  ideal 
voltmeter  V? 

(b)  20  V 
(d)  zero 

<  IIT,  1987 

.  (D©@ 


(a)  40  V 
(c)  5  V 


■® 


Fig.  22.65 

45.  In  the  given  circuit,  with  steady  current,  the  potential 
drop  across  the  capacitor  must  be  (see  Fig.  22.66) 
(a)  V  (b)  172 

(c)  173  (d)  2173 

<  IIT,  2001 

^  R 

— 1 1 - ww - 


2V 

-Ih- 


2  R 

-AWV- 


Fig.  22.66 

46.  In  the  given  circuit  it  is  observed  that  the  current  /  is 
independent  of  the  value  of  the  resistance  R6.  Then 
the  resistance  values  must  satisfy  (see  Fig.  22.67) 
(a)  R1  R2  R5  =  Rj  R4  R6 


_  1  1 

(b) - 1 - — 

R,  R, 


1 


7?i  +  R2 


■  +  - 


l5  Jl6 

(c)  =  R2  R2 

(d)  Ri  R2  =  R2  R4  =  R5  R6 

Rb 


R2  +  ra 


Hut,  2ooi 


47.  The  effective  resistance  between  points  P  and  O  of 
the  electrical  circuit  shown  in  Fig.  22.68  is 

(a)  2 Rr/(R  +  r) 

(b)  8 R(R  +  r)/(3R  +  r) 

(c)  2 r  +  4 R 


(d)  5R/2  +  2 r 


|  IIT,  2002 


2  R 


2  R 


Q 


48.  In  the  meter  bridge  experiment  shown  in  Fig. 
22.69,  the  balance  length  AC  corresponding  to  null 
deflection  of  the  galvanometers  is  x.  What  would 
be  the  balance  length  if  the  radius  of  the  wire  AB  is 
doubled? 


<a>f 

(c)  2x 


(b)  x 


(d)  4x 
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(a) 


(b) 


(c) 


(d) 

Fig.  22.70 

50.  Figure  22.71  shows  a  circuit  in  which  the  potential 
differences  across  the  resistances  are  given  in  the 
diagram.  If  point  Q  is  grounded,  the  potential  at 
point  S  will  be 

(a)  10  V  (b)  -  10  V 

(c)  40  V  (d)  -  40  V 


P  Q  R  S  T 


Fig.  22.71 

51.  The  internal  resistances  of  the  cells  in  the  circuit 
shown  in  Fig.  22.72  are  negligible.  The  current  in 
the  circuit  is 


6  V  2  V 


Fig.  22.72 

(a)  0.5  A  flowing  from  A  to  D 

(b)  0.5  A  flowing  from  B  to  C 

(c)  1.0  A  flowing  from  A  to  B 

(d)  1.0  A  flowing  from  B  to  A. 

52.  A  wire  of  resistance  0.1  12/cm  is  bent  to  form  a 
square  ABCD  of  side  10  cm.  A  similar  wire  is 
connected  between  corners  B  and  D  to  form  the 
diagonal  BD.  The  effective  resistance  of  this 
combination  between  corners  A  and  C  is 

(a)  1  12  (b)  2  12 

(c)  4  12  (d)  8  12 

53.  The  voltmeter  shown  in  Fig.  22.73  reads  2  V.  What 
resistance  should  be  connected  in  parallel  with  the 
2  12  resistor  so  that  the  voltmeter  reads  3  V? 

(a)  1  12  (b)  2  12 

(c)  412  (d)  812 

Voltmeter 


6  V 


Fig.  22.73 

54.  Six  equal  resistances  are  connected  between  points 
A,  B  and  C  as  shown  in  Fig.  22.74.  lfRl,R2  and 
are  the  net  resistances  between  A  and  B,  between  B 
and  C  and  between  A  and  C  respectively,  then  R]  : 
R2  :  R2  will  be  equal  to 
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(a)  6  :  3  :  2  (b)  1  :  2  :  3 

(c)  5  :  4  :  3  (d)  4  :  3  :  2 


A 


Fig.  22.74 

<  IIT,  2004 

55.  An  RC  circuit  consists  of  a  resistance  R  =  5  M£2 
and  a  capacitance  C  =  1.0  (J.F  connected  in  series 
with  a  battery.  In  how  much  time  will  the  potential 
difference  across  the  capacitor  become  8  times  that 
across  the  resistor?  (Given  log^  (3)  =  1.1) 

(a)  5.5  s  (b)  11  s 

(c)  44  s  (d)  88  s 

<  IIT,  2005 

56.  The  potential  difference  through  the  3  £2  resistor 
shown  in  Fig.  22.75  is 

(a)  zero  (b)  1  V 

(c)  3.5  V  (d)  7  V 

<  IIT,  2005 


3  Q. 

Fig.  22.75 

57.  A  galvanometer  of  resistance  20  £2  gives  full  scale 
deflection  when  a  current  of  1  mA  is  passed  through 
it.  It  is  converted  into  a  voltmeter  by  connecting  a 
resistance  of  4980  £2  in  series  with  it.  The  maxi¬ 
mum  potential  difference  this  voltmeter  can  mea¬ 
sure  is 

(a)  5  mV  (b)  0.05  V 

(c)  5.0  V  (d)  50  V 

<  IIT,  2005 

58.  If  a  wire  is  stretched  to  make  it  0.1%  longer,  its 
resistance  will 

(a)  increase  by  0.05%  (b)  increase  by  0.2% 

(c)  decrease  by  0.2%  (d)  remain  unchanged. 

59.  The  effective  resistance  between  points  A  and  B  in 
the  network  shown  in  Fig.  22.76  is 

(a)  1  Q  (b)  2  £2 

(c)  30  (d)  4  0 


Fig.  22.76 

60.  A  galvanometer  together  with  an  unknown  resis¬ 
tance  in  series  is  connected  across  two  identical 
batteries  each  of  1.5  V.  When  the  batteries  are 
connected  in  series,  the  galvanometer  records  a  cur¬ 
rent  of  1  A,  and  when  the  batteries  are  in  parallel, 
the  current  is  0.6  A.  What  is  the  internal  resistance 
of  the  battery? 

(a)  1  £2  (b)  ^  £2 

(c)  |  £2  (d)  ±  £2 

61.  In  the  circuit  shown  in  Fig.  22.77,  A  and  B  are  two 
cells  of  the  same  emf  E  and  of  internal  resistances 
rA  and  rB  respectively.  L  is  an  ideal  inductor  and  C 
is  an  ideal  capacitor.  The  key  K  is  closed.  When  the 
current  in  the  circuit  becomes  steady,  what  should 
be  the  value  of  R  so  that  the  potential  difference 
across  the  terminals  of  cell  A  is  zero. 

|  IIT,  2004 


(a)  R  =  rA  -  rB  if  rA  >  rB. 

(b)  R  = 

(c)  R  ~  ^  (rA  +  rB) 

(d)  For  no  value  of  R  will  the  potential  difference 
between  the  terminals  of  cell  A  be  equal  to 
zero. 

62.  An  RC  circuit  consists  of  a  resistance  R  =  5  M£2 
and  a  capacitance  C  =  1.0  (iF  connected  in  series 
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with  a  battery.  In  how  much  time  will  the  potential 
difference  across  the  capacitor  become  8  times  that 
across  the  resistor?  (Given  loge  (3)  =1.1) 

(a)  5.5  s  (b)  11  s 

(c)  44  s  (d)  88  s 

<  IIT,  2005 

63.  Two  wires  AB  and  BC,  each  of  length  LI 2  are  made 
of  the  same  material.  The  radius  of  wire  AB  is  2 r 
and  of  wire  BC  is  r.  The  current  /  flows  through  the 
composite  wire  (see  Fig.).  Choose  the  correct  state¬ 
ment  from  the  following. 

(a)  Potential  difference  across  BC  is  twice  that 
across  AB. 

(b)  Power  dissipated  in  BC  is  four  times  the 
power  dissipated  in  AB. 

(c)  Current  densities  in  AB  and  BC  are  equal. 

(d)  Electric  fields  in  AB  and  BC  are  equal. 

a  - >-  /  b  c 

|  ;  -i 

-i - U2 - — - LI2 - *- 

<  IIT,  2006 

64.  A  circuit  is  connected  as  shown  in  Fig.  22.78  with 
the  switch  S  open.  When  the  switch  is  closed,  the 
total  amount  of  charge  that  flows  from  Y  to  Xis 

(a)  0  (b)  54  |lC 

(c)  27  |iC  (d)  81  pC 


31<F  x  ®HF 


3£2  6 £2 


9  V 

Fig.  22.78 

|  IIT,  2007 

65.  A  meter  bridge  is  set-up  as  shown  in  Fig.  22.79 
to  determine  an  unknown  resistance  ‘JT  using  a 
standard  10  ohm  resistor.  The  galvanometer  shows 
null  point  when  tapping-key  is  at  52  cm  mark.  The 
end-corrections  are  1  cm  and  2  cm  respectively  for 
the  ends  A  and  B.  The  determined  value  of  ‘JC  is 


Fig.  22.79 

(a)  10.2  ohm  (b)  10.6  ohm 

(c)  10.8  ohm  (d)  11.1  ohm 

HlIT,  2011 
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SOLUTIONS 


1.  Equivalent  resistance  of  the  combination  is 
R  —  +  R-, 


P\L  +  PiL 
A  A 


(Pi  +  Pi)  (!) 
A 


where  L  =  length  of  each  wire  and  A  =  cross-sec¬ 
tional  area  of  each  wire  =  nd2/ 4  (d  =  diameter).  If 
p  is  the  equivalent  resistivity, 


R= 


(2) 
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Equations  (1)  and  (2)  give  p  =  —  (p,  +  p2) 

2.  E  =  V  +  Ir  =  I(R  +  r),  where  r  is  the  internal  resis¬ 
tance  of  the  cell  and  the  current  in  the  circuit  is 

£ 

I  =  - ;  R  =  resistance  of  voltmeter. 

R  +  r 


4.  Refer  to  Fig.  22.81.  The  equivalent  resistance  is 


12x12 
(12  +  12) 


6  Q 


I  = 


12  V 
6Q 


2  A 


The  voltmeter  reads  the  terminal  voltage  V=IR  and 
not  the  emf.  Therefore,  error  in  the  reading  is 
A E  =  E  -  V 
A E  _  F  IR 

E  E  I(R  +  r) 


(R  +  r)  (R  +  r ) 


Percentage  error  = 


r 

{R  +  r) 


x  100 


200 

(400  +  2) 


-  0.5% 


3.  Refer  to  Fig.  22.80.  Let  Fbe  the  potential  at  point 
E.  Points  A,  B  and  C  are  earthed.  So  the  potential 
at  A,  B  and  C  =  0.  Potential  at  D  =  12  V.  Potential 
difference  between  D  and  E  is  Fj  =  12  -  F, 
between  E  and  B  is  V2  =  V  and  between  E  and  C  = 
V.  Therefore 


h  = 
I 2  = 
h  = 


12  -  F 
3 
F 

7 

v_ 

12 


From  Kirchhoff ’s  junction  rule,  /,  =  /2  +  /3,  i.e. 

3  3  12  3 

„  T  16/3  4 

Hence  L  =  -  =  —  A 

J  12  9 


So  the  correct  choice  is  (b). 


Fig.  22.81 


From  Kirchhoff ’s  junction  rule, 

Ix+h  =  l  (1) 

Using  Kirchhoff’s  loop  rule  to  loop  APQDA,  we 
have 


47,  -8 12=  0 


I\  =  1I2 


(2) 


4  2 

Equations  (1)  and  (2)  give  /,  =  —  A  and  I2  =  —  A. 


2  4 

Similarly  I4  =  —  A  and  I5=  —  A. 

Applying  junction  rule  at  P, 

h  =h+h 

I  =  i  _  /  =  4  2  2 

3  3  3 

The  positive  sign  shows  that  current  /3  flows  from 
P  to  Q.  Hence  the  correct  choice  is  (c). 

12  V 

5.  /,  =  -  =  3  A 

1  4fi 

Applying  Kirchhoff’s  loop  rule  to  loop  ABCDE, 

2 12+E-  4/j  =  0 

Putting  7j  =  3  A  and  I2  =  0,  we  get  E  =  12  V 

6.  Refer  to  Fig.  22.82. 


1  n 
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The  equivalent  resistance  between  A  and  B  =  4  il. 
12  V 

Current  /  =  -  =  3  A 

4£2 

The  current  divides  into  different  branches  as  shown 
in  the  figure.  It  is  clear  that  the  ammeter  will  read 
/  3A 

-  =  1 —  =  1  A.  So  the  correct  choice  is  (a). 

3  3 

7.  The  circuit  shown  in  Fig.  22.47  can  be  redrawn  as 
shown  in  Fig.  22.83. 


8.  The  circuit  shown  in  Fig.  22.48  can  be  redrawn  as 
shown  in  Fig.  22.84. 


2 R 
3 


Fig.  22.84 

5R 

Rab  =  — ,  which  is  choice  (c). 


9.  Current /  = 


50  -  5  A 

(200  +  20)  ~~  22 


Potential  difference  across  200  Q  resistor  is 

V  =  —  x  200  =  volt 
22  11 

When  the  voltmeter  is  connected  across  the  200  Q 
resistor,  the  effective  resistance  becomes 

1800x200 


R  = 


=  180  Q 


(1800  +  200) 

The  current  in  the  circuit  becomes 

r=  50  *  1  a 

(180  +  20)  4 

The  potential  difference  becomes 

V'=  -  x  180  =  45  volt 
4 


Decrease  in  p.d.  =  V-  V'= - 45  =  —  volt 

11  11 

Percentage  decrease  =  —  x  —  x  100  =1% 

11  500 

So  the  correct  choice  is  (a). 

10.  In  order  to  have  a  potential  difference  of  5  mV  = 
5  x  10  3  V  across  a  wire  of  resistance  5  Q,  the  cur¬ 
rent  in  the  wire  should  be 


/  = 


5  x  10“ 


=  10“3  A 


If  R  is  the  resistance  to  be  connected  in  series  with 
the  wire,  then 

2 


R  +  5 


=  10“ 


R  =  1995  Q 


11.  In  the  first  case,  the  drop  of  potential  per  unit  length 
of  the  potential  wire  is  E0/L.  Hence 


In  the  second  case,  the  potential  drop  per  unit  length 
=  E0/2L.  If  x  is  the  balance  length  now,  then 


E  = 


xEo 
2  L 


Equating  (1)  and  (2)  we  get  x  = 


L 
2  ' 


(2) 


12.  This  is  a  balanced  Wheatstone’s  bridge.  Therefore 

10  =  1_ 

40  X 

which  gives  X=  28  Q.  Hence  the  correct  choice  is 
(d). 

13.  The  circuit  can  be  rearranged  as  shown  in  Fig. 
22.85. 

The  resistance  between  points  A  and  D  is  given  by 

1  -  1  +  1  -  1 
R  6  6  3 

or  R  =  3  Q.  Hence  the  correct  choice  is  (c) 


4  n  C  2  n 


Fig.  22.85 

14.  If  /  is  the  maximum  current  that  can  flow  through 
the  coil, 
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100  /  +  4900  I  =  5  V  or  /  =  -  A 

1000 

If  R  is  the  required  resistance, 

100  I  +  R'  I  =  10,  which  gives  R'  =  9900  £2 

Since  R'  =  R  +  4900,  R  =  5000  £2.  Hence  the  correct 
choice  is  (a). 

15.  Let  the  three  resistances  be  X,  2  X  and  Y.  Then  X 
and  2  X  connected  in  parallel  are  equivalent  to  a 

2 

single  resistance  Rl  =  —  X. 

A,  11,  31, 

Also,  —  +  —  -  1  or  -  +  —  =  1 

Rx  Y  2  X  Y 

The  minimum  volume  of  X  which  satisfies  the 
given  condition  is  X  =  3.  Hence  7=2.  Three 
resistances  are,  therefore,  2,  3  and  6  £2.  Hence  the 
correct  choice  is  (b). 

16.  The  smallest  resistance  is  obtained  by  a  parallel 
combination.  The  smallest  resistance  is  given  by 

111  n 

—  =  —  +  —  +  n  terms  =  — 

R'  R  R  R 

or  R'  =  R/n.  Hence  the  correct  choice  is  (c). 


17.  A  diameter  divides  a  circle  into  two  equal  halves. 
Therefore,  the  resistance  between  the  ends  of  a 
diameter  is  the  resistance  of  a  parallel  combination 
of  two  resistances,  each  equal  to  2  £2.  Hence  the 
correct  choice  is  (b). 

18.  The  potential  at  B  =  potential  at  E.  Hence  no  current 
flows  through  the  resistor  numbered  3.  Similarly, 
no  current  flows  through  the  resistor  numbered 
5.  These  resistors  are  not  effective.  Therefore, 
the  equivalent  resistance  between  A  and  D  is  the 
resistance  of  the  parallel  combination  of  resistances 
of  1,  4,  6  (in  series)  and  resistances  of  2,  8,  7  (in 
series).  Thus 


1  1  1  _  1 

R  6  6  3 

or  R  =  3  £2.  Therefore,  current  1=  3V/3£2  =  1.0  A, 
which  is  choice  (d). 


19.  Circumference  of  the  circle  =  2  nr.  Therefore, 
the  resistance  per  unit  length  of  the  wire  =  R/2nr, 
where  R  =  4  £2  is  the  resistance  of  the  wire.  Now, 
the  length  of  the  specimen  connected  along  the 
diameter  =  2  r.  Therefore,  the  resistance  of  this 
specimen  is 


Ri 


R 


x  2  r 


R 


n 


Also,  the  resistance  of  each  semicircle  is  i? ,  =  — 

2  2 

.'.  Equivalent  resistance  R'  across  the  specimen  is 
given  by 


or 


1 

~R’ 

R'  = 


2  2 

R  R 

R 

4  +  n 


n  _  4  +  n 
R  R 


4  +  n 


£2 


20.  The  total  resistance  of  the  circuit  is  given  by 
11  11 
R  4  4  2 

which  gives  R  =  2  £2.  Therefore,  the  current  in  the 
circuit  is 


R  2 

Since  the  two  arms  have  the  same  resistance  = 
4  £2,  the  current  divides  equally,  i.e.  2.5  A  current 
flows  in  each  arm.  Therefore,  the  potential  differ¬ 
ence  across  the  1  £2  resistor  in  the  upper  arm  = 
1  X  2.5  =  2.5  V  and  the  across  the  3  £2  resistor  in 
the  lower  arm  =  3  x  2.5  =  7.5  V.  Hence  the  potential 
difference  between  points  A  andi?  =  7. 5-2. 5  =  5  V, 
which  is  choice  (c). 

21.  At  time  t  =  0,  when  the  key  is  pressed,  the  capacitor 
begins  to  charge  and  the  current  through  the  resistor 
AB  is 


/  = 


2 

1000 


2  mA 


The  current  in  the  capacitor  varies  with  time  t  as 

j  _  j  —tl  T 

I-  I0e 

where  r  is  the  time  constant  of  circuit.  Thus  at  t  =  0, 
/  =  I0  =  2  mA.  At  time  1 »  r,  the  current  through  the 
capacitor  goes  to  zero,  i.e.  its  effective  resistance 
become  infinite.  Then  the  current  will  pass  through 
the  resistor  connected  in  parallel  with  the  capacitor. 
At  that  time,  the  current  in  the  circuit  goes  to 


I'  = 


2 

1000 


1  mA 


Hence  the  correct  choice  is  (d). 

22.  Since  the  maximum  current  through  a  10  £2  resistor 
is  1  A,  a  current  of  4  A  is  to  be  divided  into  4  equal 
parts,  each  going  through  a  branch  of  a  circuit.  Thus 
we  need  4  branches  in  parallel  and  having  equal 
resistance.  If  r  is  the  resistance  of  each  branch,  the 
resistance  of  a  parallel  combination  of  four  branches 
will  be  r/4  which  equals  5  £2.  Therefore,  r  =  20  £2, 
i.e.  each  branch  has  two  1 0  £2  resistors  connected  in 
series.  Hence  the  total  number  of  resistors  is  8. 


2  nr 
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23.  Since  the  cells  are  connected  in  series,  the  total  emf 
is  2  E.  Therefore,  the  current  in  the  circuit  is 


1  = 


2  E 


R  +  Aj  +  r2 


(i) 


The  potential  difference  across  the  cell  of  internal 
resistance  r,  is  E-Irl,  =  0,  i.e.  E  =  Ir1.  Using  this 
in  (i)  we  have 


R  +  T  +  r2 

which  gives  R  =  rx  —  r2.  Hence  the  correct  choice 
is  (c). 

24.  Since  the  circuit  is  infinitely  long,  its  total  resis¬ 
tance  remains  unaffected  by  remvoing  one  mesh 
from  it.  Let  the  effective  resistance  of  the  infi¬ 
nite  network  be  R.  The  network  can  be  broken  as 
shown  in  Fig.  22.86.  The  effective  resistance  of  the 
remaining  network  beyond  AB  will  also  be  R.  The 
resistances  R  and  4  Q  are  in  parallel.  Their  com¬ 
bined  resistance  is 


R' 


1  1 

- 1 - 

R  4 


or  R'  = 


4  R 
R  +  4 


Resistance  R'  is  in  series  with  the  remaining  2  £2 
resistance.  The  total  combined  resistance  is 


R'  +  2  = 


4  R 
R+4 


+  2 


which  must  be  equal  to  the  total  resistance  R  of  the 
infinite  network.  Thus 


R  +  4 

which  gives  R2  -  2R  +  8  =  0 

The  roots  are  R  =  1  ±  —  (36)1/2  =  1  ±  3  =  4  £2  or 
2  £2.  2 

The  negative  value  is  not  permissible.  Hence 
R  =  4  £2,  which  is  choice  (b). 


2  £2 


Fig.  22.86 

25.  The  drift  speed  depends  on  A,  the  cross-sectional 
area  of  the  conductor  but  the  current  is  independent 
of  A.  Hence  the  correct  choice  is  (d). 


26.  The  equivalent  resistance  between  A  and  B  of  the 
circuit  to  the  right  of  AB  is  4  £2.  Therefore,  total 
resistance  =  3  +  4  +  2  =  9£2.  Current  1=9  V/9  £2 
=  1  A.  This  current  is  equally  divided  in  the  8  £2 
resistor  between  A  and  B  and  the  remainder  8  £2. 
Hence  current  in  AC  =  0.5  A.  This  current  is  equally 
divided  between  CD  and  the  circuit  to  the  right  of 
CD.  Therefore,  current  in  the  4  £2  resistor  =  0.25  A 
which  is  choice  (d). 

27.  The  resistance  of  a  conductor  of  length  /,  cross- 
sectional  area  A  and  made  of  a  material  of  resistiv¬ 
ity  p  is  given  by 

R,£L=e!ljEy 

A  Al  (vi 

where  V=  Al  is  the  volume  of  the  conductor.  Since 
p  is  a  constant  and  volume  V  cannot  change  if  the 
conductor  is  stretched,  it  follows  that  R  is  propor¬ 
tional  to  I2.  Thus  if  /  is  doubled,  R  becomes  four 
times.  Hence  the  new  resistance  is  3  x  4  =  12  £2. 
Hence  each  side  of  the  equilateral  triangle  has  a 
resistance  of  4  £2  as  shown  in  Fig.  22.87.  Therefore, 
the  effective  resistance  between  the  ends  of  any 
side  of  the  triangle  (such  as  side  AB)  is  equal  to  the 
resistance  of  a  parallel  combination  off?!  =  4  £2  and 
R2  =  4  +  4  =  8  £2,  which  is  given  by 

=  R1xR2  4x88 


Rj+R2  12  3 

Hence  the  correct  choice  is  (b). 

C 


Fig.  22.87 

28.  Letx  and  y  be  the  value  of  the  two  resistances.  Then 

S  =  x  +  v  and  P  =  — — —  .  Given  S  =  nP  or 
x  +  y 


x  +  y 
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which  gives  x 2  -  (n  -2)  xy  +y2  =  0 
For  a  given  y,  the  two  roots  of  x  are 


x  =  —  (n 
2 


2 )y  ±  ^  [n 


2)2  y2 


4/] 1/2 


or  x  =  i  (n-2)y  [1  ±  {{n  -  2)2  -  4}1/2] 

The  value  of  x  will  be  real  if  (n  -  2)2  >  4  which 
gives  n  >  4.  Hence  the  minimum  possible  value  of 
n  =  4,  which  is  choice  (d). 

29.  Since  the  wires  are  made  of  the  same  material,  they 
have  the  same  resistivity.  Therefore, 

_  _  ^1 A  _  ^2  A 


k 


or 


A 
R , 


k 

=  — x 


/L  k 
-2  =  —  x 


n  r, 


h  A 


k 

=  — x 


nr. 


(r  A- 
r2 


V'l  J 


k  _  4 


ti  *t  r.  2 

Given  —  =  —  and  —  =  —  .  Hence 


—  3 

i?,  3 


(1) 


Since  the  wires  ae  connected  in  parallel,  the 
potential  difference  across  them  is  the  same,  i.e., 

h  R\  =  A  A 

I  R  1 

or  —  =  —  =  -  ,  which  is  choice  (b). 

h  R  i  3 


30.  20 

Y  (100-20) 


20 

80 


=  —  =  —  .  If  the  new  balance 


length  is  /  cm,  then 
4X  =  l 
Y  (100-/) 

X  1 

Now  —  =  —  .  Hence,  we  have 
Y  4 

.  1  / 

4  x  -  =  - 

4  (100-/) 

orl00-/=/or/=50  cm,  which  is  choice  (a). 

31.  The  circuit  can  be  redrawn  as  shown  in  Fig.  22.88 
Let  a  battery  of  emf  E  and  of  negligible  resistance 
be  connected  as  shown.  The  currents  in  various 
branches  are  shown.  Applying  Kirchhoff’second 
law  to  loops  ACDA,  CBDC  and  ADBGFA,  we  have 

5  i2  +  5/3  -  10/j  =  0  (i) 

10  (z2  -  z3)  -  5  (/,  +  z3)  -  i3  =  0  (ii) 

10/]  +  5  (i\  +  i3)  -  E  =  0  (iii) 


Fig.  22.88 

3  z"  i 

Equations  (i)  and  (ii)  give  i2  =  and  z3  =  .  If  R 

is  the  effective  resistance  between  A  and  B,  then 
E  2  E 


R  = 


h+h 


5  /, 


From  Eq.  (iii)  we  have 

E  =  15/j  +  5/3  = 


35/, 


Therefore  R  =  —  = 
5  7, 


2  E  2x35/ 


1  _ 


5/  x  2 


=  7  Q 


Hence  the  correct  choice  is  (b). 

32.  Since  the  two  cells  are  in  opposition,  the  effective 
voltage  =  6  -  4  =  2  V.  The  current  in  the  circuit  is 

2 


/  = 


2  +  1 


=  0.2  A 


.•.  Terminal  voltage  of  6  V  cell  =  6  -  2  x  0.2  =  5.6  V 
Terminal  voltage  of  4  V  cell  =  4  +  8  X  0.2  =  5.6  V. 
Therefore,  the  potential  difference  across  terminals 
X and  7 is  5.6  V.  Hence  the  correct  choice  is  (b). 

33.  Potential  difference  across  a  wire  of  length  /  is 
V=  IR  =  — 


Electric  field  E  =  —  =  ^^xl.SxlQ- 


/ 


1-6 


A  10" 

=  0.009  VnT1 

Hence  the  correct  choice  is  (d). 

34.  It  follows  from  the  symmetry  of  the  network 
shown  in  Fig.  22.89  that  no  distribution  of  current 
takes  place  at  point  B.  Therefore,  the  same  current 
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flows  through  resistors  numbered  3  and  4.  Thus,  it 
appears  that  there  is  no  junction  at  point  B. 
Therefore,  the  equivalent  circuit  is  as  shown  in 
Fig.  22.55.  Now,  the  resistance  R ,  between  D  and 
E  is  given  by 

■1-,  +  i-l 

Rx  2  2 


or  Rx  =  —  Q.  Therefore,  the  equivalent  resistance 


R  between  A  and  C  is  given  by 
4  V 


R  2  8  8 

8  4V 

or  R  =  —  Q.  Therefore,  /  =  -  =  3.5  A. 

7  8/7Q 

35.  Current  due  to  £j  is 


R+60  R  +  60 

.•.  Potential  drop  across  R  =  IR.  Since  there  is  no 
current  due  to  E2, 

IR  =  E2  =  1 

1=  1  IR.  Using  this  in  Eq.  (z)  we  get 
1  _  4 

R  R  +  60 


which  gives  R  =  20  Q.  Hence  the  correct  choice  is 

(b). 

12V 

36.  Current  in  the  main  circuit  is  1=  - 

3£2  +  6£2  +  lf2 

=  1.2  A 

.•.  Potential  difference  across  AB  is 

VAB  =  12  -  1.2  x  1  =  10.8  V 
Also,  potential  difference  across  AD  is 
VAD  =  6  X  1.2  =  7.2  V 
Effective  capacitance  is 


Ceff  = 


C\C2 

Cl  +c2 


1x2  2  2 

- =  -  llF  =  -  x  10 

1  +  2  3  3 


Since  the  capacitors  are  in  series,  charge  Q  is  the 
same  and  is  given  by 

Q=Vabx  CeS  =  10.8  x  —  x  106 


=  7.2  x  10~b  C 

Therefore,  potential  difference  across  AC  is 

-6 

=  3.6  V 


„  _  Q  7.2x10- 

VAC  „  ~  «  .  „-6 


c2  2x10- 

.-.  Potential  difference  between  points  C  and  D  is 
VCD  =  VAD  -  VAC  =  7.2  -  3.6  =  3.6  V 


Hence  the  correct  choice  is  (a). 


37.  The  upper  part  of  the  circuit  is  a  balanced  Wheat¬ 
stone’s  bridge.  Hence  resistance  R  between  CD  is 
ineffective  as  no  current  will  flow  in  this  branch. 
The  circuit,  therefore,  reduces  to  three  parallel 
branches  having  resistance  R,R+  R  and  R  +  R,  i.e. 
R,  2 R  and  2 R.  The  effective  resistance  R'  is  given 
by 

11  1  1 
R'  R  2  R  2  R 


which  gives  R'  =  — .  Hence  the  correct  choice  is  (a). 

38.  It  is  a  balanced  Wheatstone’s  bridge  because 
P  R  .  10  _  10 

q  ~ ~s  ’  LC'  To  “To 

Therefore,  no  current  flows  through  the  galvanom¬ 
eter  and  the  resistance  in  series  with  the  galvanom¬ 
eter  will  be  ineffective.  The  equivalent  resistance 
across  the  battery  is  the  resistance  of  the  parallel 
combination  of  the  resistances  10  +  10  =  20  £2  and 
10+10  =  20  Q.  Thus 


R'  ~  20  20 

which  gives  R'  =  10  O.  Hence  the  correct  choice 
is  (a). 

39.  For  series  connection  x  =  nR.  For  parallel  connec- 

R  R 

tiony  =  — .  Therefore  xy  =  nRx  —  =  R2.  Hence 
n  '  n 

the  correct  choice  is  (c). 

40.  Given— +  —  H - 1 - - - h  —  =  —  (1) 

AT  A2  -  i  -t 

If  the  nth  resistor  is  removed,  then 


1  1 


Rx  R2 


+ ...  + 


1 


R 


n  —  1 


y 


(2) 
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Subtracting  (2)  from  ( 1 ),  we  have 

J_  =  I_I 

Rn  x  y 

XV 

which  gives  Ru  =  - - -  which  is  choice  (b). 

O'-*) 

41.  Let  m  cells  be  connected  in  series  and  n  such  groups 
are  connected  in  parallel.  If  the  emf  of  each  cell 
is  E  and  internal  resistance  r,  then  the  total  emf 
of  m  cells  in  series  in  mE  and  the  total  internal 
resistance  is  mr.  When  n  such  groups  are  in  paral¬ 
lel,  the  effective  internal  resistance  is  mrtn.  Then 
the  current  through  an  external  resistance  R  is 

I  _  mE  mnE 

mr  nR  +  mr 

K  H - 

n 


mnE 

(yfnR  —  V  mr  j  +  2  V  mnRr 

Now,  /  will  be  maximum  if  the  denominator  is  the 
minimum,  i.e.  if  nR  =  mr.  Given  R  =  3  £2  and  r  = 
1  £2.  Using  these  values,  we  have  3 n  =  m.  But  mn 
m  x  m 

=  48  (given).  Therefore  — - —  =  48,  which  gives 

m  =  12.  Thus  n  =  4.  Hence  the  correct  choice  is  (b). 
42.  The  given  circuit  is  a  Wheatstone’s  bridge.  The  cur¬ 
rent  through  the  galvanometer  will  be  zero  if  the 
bridge  is  balanced,  i.e.  if 

p  p 

— I —  where  .P  =  2  +  3  =  5£2,  O  =  10  £2  and 
Q  S 

R  =  4  £2.  The  value  of  S  is  given  by 


5__4 

To  ~~S 

or  S  =  8  £2.  Thus  the  effective  resistance  of  the 
parallel  combination  of  12  £2  and  x  ohm  must  be  8 
£2.  Therefore 

1  1  _  1 

12  x~* 

which  gives  x  =  24  £2.  Hence  the  correct  choice  is  (d). 

43.  Since  the  seven  resis¬ 
tances  are  in  parallel, 
the  effective  resistance 
is  R  =  70/7  =  10  £2. 

Therefore,  the  cur¬ 
rent  in  the  circuit  is  / 

=  14/10  =  7/5A.  The 
given  circuit  can  be 
redrawn  as  shown  in 


Fig.  22.90  where  Rx 


—  and  R7  =  —  £2.  The 
3  4 


r  .  .  ,  R  7  10 

current  12  is  given  by/2=  7  X  —  =  —  x 


R, 


70/4 


1 - 

8 

1 

_ f 

1 

_ 

v 

Fig.  22.91 


=  —  A,  which  is  choice  (b). 

44.  The  emfs  of  cells 
connected  in  reverse 
p  o  larity  c  anc  e  1  e  ac  h  o  ther. 

Hence  cells  marked  2,  3 
and  4  together  cancel  the 
effect  of  cells  marked  5, 

6  and  7  and  the  circuit 
reduces  to  that  shown 
in  Fig.  22.91.  Now  cells 
1  and  8  are  in  reverse 

polarity.  Hence  the  voltmeter  reading  =  5  -  5  =  0  V. 
Hence  the  correct  choice  is  (d). 

45.  In  the  steady  state,  no  current  flows  in  the  branch 
containing  the  capacitor.  Thus,  the  current,  say  /, 
flows  in  the  branches  containing  R  and  2 R.  Apply¬ 
ing  Kirchhoff ’s  second  rule  to  the  loop  abcdefa,  we 
have  (see  Fig.  22.92) 

IV  -  I(2R)  -IR-V  =  0  or  1=  — 

3  R 

:.  Potential  drop  across  capacitor 

=  2V-  V-I(2R)  =  V-  —  x  2R 
3  R 

2V  V 

=  V - =  —  ,  which  is  choice  (c). 

3  3 


v 


R 

WW- 


2V 


2  R 

AWV 


Fig.  22.92 

46.  Since  no  current  flows  through  R6,  resistances  Rh 
R2,  R2  and  R4  constitute  the  four  arms  of  a  balanced 
Wheatestone’s  bridge.  Hence 

R.  R , 

—  =  —  or  Rt  R4  =  R2  R3 
k2  k4 

Thus  the  correct  choice  is  (c). 

47.  Refer  to  Fig.  22.93. 

The  branches  ABPQ  and  PQCD  are  a  balanced 
Wheatstone’s  bridge.  Therefore,  resistances  (each 
equal  to  2 R)  between  E  and  F  and  between  F  and 
G  do  not  contribute  and  the  circuit  simplies  to  the 
one  shown  in  the  figure.  The  effective  resistance  Re 
between  P  and  Q  is  given  by 
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4  R 


A 


P 


C 


■VvW 

2  r 

AA'W 

4R 

AA/W 


B 


Q 


D 


Fig.  22.93 


1  _  1  1  1 

Re  ~  4  R  2  r  4  R 

2  Rr 

which  gives  R„  = - .  Hence  the  correct  choice 

is  (a)  (R  +  r) 

48.  The  condition  for  no  deflection  of  the  galvanometer 
is 

^1  _  ^AC 

^2  ^CB 

where  RAC  and  RCB  are  the  resistances  of  the  bridge 
wire  of  length  AC  and  CB  respectively.  If  the  radius 
of  the  wire  AB  is  doubled,  the  ratio  Rac^cb  will 
remain  unchanged.  Hence  the  balance  length  will 
remain  the  same.  Thus,  the  correct  choice  is  (b). 

49.  The  voltmeter  must  be  connected  in  parallel  with  the 
resistor  and  the  ammeter  must  be  connected  in  series 
with  the  resistor.  Hence  the  correct  circuit  is  (a). 

50.  The  potential  at  Q  with  respect  to  R  is  15  V  and 
R  is  at  25  V  higher  potential  than  S.  Thus  Q  is 
40  V  higher  than  S.  When  Q  is  grounded,  its 
potential  becomes  zero,  thus,  Vs  =  —  40  V.  Hence  the 
correct  choice  is  (d). 

51.  Since  the  cells  are  in  opposition,  the  effective  emf = 
6  -  2  =  4  V.  Since  the  current  is  taken  to  flow  from 
the  positive  to  the  negative  terminal  of  the  battery, 
a  current  of 

4 

-  =  0.5  A 

5  +  3 

flows  from  B  to  C.  Hence  the  correct  choice  is  (b). 

52.  Resistance  of  each 
side  of  the  square  = 

10  x  0.1  =  1  As 
shown  inFig.  22.94, 
the  square  forms 
a  Wheatstone’s 
bridge  which  satis¬ 
fies  the  balancing 
condition.  Thus,  no 
current  flows  along 

the  diagonal  BD.  Hence  the  correct  choice  is  (a). 


53.  The  correct  choice  is  (b). 

54.  Let  the  value  of  each  resistance  be  r.  The  network 
can  be  redrawn  as  shown  in  the  Fig.  22.95. 

A 


(i)  Net  resistance  R 1  between  points  A  and  B 

r  r 

The  series  combination  of  resistances  —  and  —  , 

3  2 

r  r 

which  has  an  equivalent  resistance  r  1  =  —  +  — 

5r  iii  • 

=  _ ,  is  in  parallel  with  resistance  r.  Hence 

6 

5  r 

NX  r  x  —  c 

r  X  r}  g  _  5  r 

"  IT 


R  i  = 


r  +  r\  r  +  5JL 
6 


(ii)  Net  resistance  R2  between  points  B  and  C 

r 

The  series  combination  of  resistances  r  and  - , 

3 

r 

which  has  an  equivalent  resistance  r2  =  r  +  —  = 

4  r  r 

—  ,  is  in  parallel  with  resistance  —  .  Hence 

r  r  4  r 

o  =  2_J_=2  3  =  4r 

”  4  r 


+  ih 


r 

- h  - 

2  3 


11 


(iii)  Net  resistance  R3  between  points  A  and  C 


The  series  combination  of  resistances  r  and  —  . 

2 
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which  has  an  equivalent  resistance  r3  =  r  +  —  = 

3  r  r 

— ,  is  in  parallel  with  resistance  — .  Hence 


Hence  R{  :  R2  ■  R2  = 
the  correct  choice  is 


x  A 
+  r3 
5  r 

"  IT 

(c). 


r  3  r 

-X  — 

;  3 _ 2_ 

r  3  r 

- 1 - 

3  2 

4r  3r 

TT'TT 


3r 

"  IT 

=  5:4:3.  Thus 


55.  At  instant  of  time  t,  the  charge  on  the  capacitor  is 
given  by 

-t/RCs 

q  =  qo  (!  -  e  ) 

and  the  potential  drop  across  the  capacitor  is  given 
by  ('•'  V=q/C) 

Vc  =  V0  (1  -  e~t,RC) 

where  V0  is  the  voltage  of  the  battery.  The  potential 
drop  across  the  resistor  is 

VR=Vt a-Vc=V0~  V0  (1  -  e-,/RC)  =  V0  e~t/RC 


Vc 
V B 


1  -e 


-t/RC 


-t/RC 


=  e 


t/RC 


1 


Vr 

Given  —  =  8.  Therefore, 

VR 

8  =  etlRC  -  1 
or  et,RC  =9  =  (3)2 

or  Jc  =  2  l0ge  (3) 

or  t  =  RC  x  2  loge  (3) 

=  (5  x  106)  x  (1  x  10~6)  x  2  x  1.1 

=  11  s 

Hence  the  correct  choice  is  (b). 

56.  The  two  sub  circuits  are  closed  loops.  They  cannot 
send  any  current  through  the  3  £2  resistor.  Hence  the 
potential  difference  across  the  3  Q  resistor  is  zero, 
which  is  choice  (a). 

57.  Given /  =  1  mA=  10' ~3  A,  G  =  20  £2  and R  =  4980  Q. 

V 

Now  /=  - 

R  +  G 

or  V=  I(R  +  G)  =  1(T3  x  (4980  +  20) 

=  5.0  V 


Hence  the  correct  choice  is  (c). 

58.  The  mass  of  a  wire  of  length  /,  cross  sectional  area 
A  and  density  d  is  given  by 

ffl 

m  =  Aid  or  A  =  — 

Id 


The  resistance  of  wire  of  resistivity  p  is 

R,  PL  =  Pdl_  ,kl2 

A  m 


(1) 


where  k  =  p  dim  is  a  constant  of  the  wire.  Taking 
logarithm  of  both  sides  of  (1)  we  have 
log  R  =  log  k  +  2  log  / 

Differentiating 

SR  =  +  2  SI  2  81 

R  l  ~  l 

Given  —  =  0.1%.  Therefore,  —  =  2  x  0.1% 
/  R 

=  0.2%.  Thus,  the  resistance  of  the  increases  by 

0.2%. 

which  is  choice  (b). 

59.  The  resistance  between  points  A  and  E  is  given  by 

1  =  l  l 
Rae  6  6 

by  giving  RAE  =  3  £2.  The  network  reduces  to  that 
shown  in  Fig.  22.96  (a).  Similarly  the  resistance 


Fig.  22.96 


between  points  A  and  D  in  Fig.  22.96  (a)  is  RAD  =  3  £2. 
The  network  reduces  to  that  shown  in  Fig.  22.96 
(b).  It  follows  from  this  figure  that  the  resistance 
between  points  A  and  C  is  RAC  =  3  £2.  The  network 
simplifies  to  that  shown  in  Fig.  22.96  (c).  Clearly  the 
effective  resistance  between  points  A  and  B  is  2  £2 
So  the  correct  choice  is  (b). 

60.  Let  the  internal  resistance  of  each  battery  be  r. 
Let  R  be  the  unknown  resistance  and  G  be  the 
resistance  of  the  galvanometer.  Let  E  be  the  emf 
of  each  battery.  When  the  batteries  are  connected 
in  series,  the  total  emf  =  2E  =  2  x  1.5  =  3  V  and 
total  internal  resistance  is  2 r.  The  current  in  the 
circuit  will  be 


R  +  G  +  2r 


Given  /  =  1  A.  Therefore 
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R  +  G  +  2r 


or  R  +  G  =  (3  -  2 r)  (1) 


When  the  batteries  are  connected  in  parallel,  the 
total  emf  =  E  =  1 .5  V  and  the  total  internal  resistan¬ 
ce  is  rl 2.  Hence  the  current  in  the  circuit  will  be 


r 

R  +  G  +  - 
2 

Given  /'  =  0.6  A.  Therefore, 


0.6  = 


1.5 


r 

R  +  G  +  - 
2 


or  R  +  G  = 


(2) 


From  Eqs.  (1)  and  (2),  we  have 


3-2 r  =  2.5  -  - 
2 

which  gives  r  =  —  ohm,  which  is  choice  (d) 


61.  When  the  key  Kis  inserted,  the  current  starts  growing 
and  after  some  time  it  acquires  a  steady  value.  At 
this  stage,  no  current  flows  through  the  capacitor 
(because  an  ideal  capacitor  offers  an  infinite 
resistance  to  a  steady  current).  All  the  current  flows 
through  the  inductor  (because  an  ideal  inductor 
offers  zero  resistance  to  a  steady  current).  Now, 
the  network  of  resistors  is  a  balanced  Wheatstone’s 
bridge.  Hence,  no  current  flows  through  the 
resistance  2  R.  Therefore,  this  resistance  can  be 
ignored.  The  net  resistance  between  points  X  and 
Y  =  resistance  of  the  parallel  combination  of 


2  R  and  2  R 


2Rx2R  _R 
(2  R  +  2  R) 


Hence  the  current  in  the  circuit  is 


/  = 


E  +  E 
R+rA  +rB 


2  E 


R  +  rA  +rB 


Now,  the  terminal  voltage  of  cell  A  is 


VA  =  E  -  IrA  =  E 


2  Er. 


R  +  rA+rB 


VA  =  0,  if  E  - 


2  ErA 


=  0 


R  +  rA+  rB 

which  gives  2  rA  =  R  +  rA  +  rB  or  R  =  rA  -  rB 
So  the  correct  choice  is  (a). 

62.  At  instant  of  time  t,  the  charge  on  the  capacitor  is 
given  by 

q  =  qo  (1  -  e~tlRC) 

and  the  potential  drop  across  the  capacitor  is  given 
by  (v  V=  q/C) 


e~tlRC) 


Vc=  Ml 

where  V0  is  the  voltage  of  the  battery.  The  potential 
drop  across  the  resistor  is 

VR=V0-VC=V0-V0(1-  e,/RC)  =  V0  e~tlRC 


V, 


c  _ 


\-e 


-t/RC 


v„ 


Given 


or 


or 


or 


-It  RC 


=  etlRC  -  1 


Vr 

—  =  8.  Therefore, 
V„ 


8  =  etlRC  - 
e'/RC  =9  =  (3) 


id  - 2 108' ,3) 


t  =  RC  x  2  log^  (3) 
=  (5  x 

=  11  s 


=  (5  x  106)  x  (1  x  1(T6)  x  2  x  1.1 


63.  R  =  — — -r- .  Since  the  two  wires  are  made  of  the  same 
nr 

material,  resistivity  p  is  the  same  for  wires  AB  and 
BC.  Since  the  wires  have  equal  lengths,  it  follows 
that  R  oc  1/r2  .  Hence 


n'11  ,  >  i-e  Rbc  4 Rab 

^ BC  4 

Since  the  current,  is  the  same  in  the  two  wires,  it 
follows  from  Ohm’s  law  (V=IR)  that  VBC  =  4  VAB. 
Hence  choice  (a)  is  wrong.  Now  power  dissipated  is 
P  =  /"  R.  Since  /  is  the  same,  P  «=  R.  Hence 


Pbc  =  ^ab  =  ^ 

Rab  Rbc 

Hence  chioce  (b)  is  correct.  Choice  (c)  is  wrong 
because  current  density  (i.e.  current  per  unit  area) 
is  different  in  wires  AB  and  BC  because  their  cross- 
sectional  areas  are  different.  The  electric  field  in  a 
wire  is  E  =  Vtl.  Since  the  two  wires  have  the  same 
length  (/),  E  is  proportional  to  potential  difference 
(V).  Since  VBC  =  4  VAB,  EBC  =  4 Eab.  Hence  choice 
(d)  is  also  incorrect. 

64.  Refer  to  Fig.  22.97. 


Ci  =  3(iF  C2  -  6(iF 
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When  the  switch  S  is  open,  capacitors  C\  and  C2  are 
in  series  and  their  combined  capacitance  is 


C  = 


c\  C2 

q  +  c2 


3x6 

3T6 


=  2  pF 


Charge  on  each  capacitor  =  2  pF  x  9V  =  18  pC 
When  the  switch  S  is  closed,  in  the  steady  state, 
no  current  flows  through  the  capacitors.  Therefore, 
resistors  Rx  and  R2  will  be  in  series  and  their  com¬ 
bined  resistance  is  i?=i?j+i?2  =  3  +  6  =  9£2. 
Therefore,  the  current  in  each  resistor  is 


9V 

/  =  —  =  1  A 
9£2 

Potential  difference  across  R 1  is  V1  =  IRX  =  1x3 

=  3  V 

Potential  difference  across  R2  is  V2  =  IRi  =1x6 

"  =  6V 


65. 


Since  capacitor  C1  is  connected  across  R1,  the 
potential  difference  across  C,  is  V1.  Similarly,  the 
potential  difference  across  C2  is  V2. 


Charge  on  capacitor  C1  in  Qx  =  C1  Vx  =  3  pF  x  3V 

=  9  pC 

Charge  on  capacitor  C2  is  Q2  =  C2  V-,  =  6  pF  x  6V 

36  pC 

Now,  when  the  switch  is  open,  the  initial  charge 
flowing  from  7toX=  18-18  =  0  pC  because  the 
right  plate  of  Cx  has  a  charge  -  18  pC  and  left  plate 
of  C2  has  a  charge  +  18  pC.  When  the  switch  S  is 
closed,  the  final  charge  flowing  from  Y  to  X  =  -  9 
+  36  =  +  27  pC.  Therefore,  the  net  charge  flowing 
from  Y  to  X  when  the  switch  is  closed  =  27  pC  -  0 
=  27  pC. 

Corrected  length  Lx  (=AJ)  =  52  +  1  =  53  cm 
Corrected  length  L2  (BJ)  =  (100  -  52)  +  2  =  50  cm 
For  a  balanced  Wheatstone  bridge, 

X  _  Lx  _  53 
10  L2  ~  50 
=>  X  <  10.6  £2 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  A  galvanometer  has  a  resistance  of  100  Q  and  full- 
scale  range  of  50  pA.  It  can  be  used  as  a  voltmeter 
or  an  ammeter,  provided  a  resistance  is  connected 
to  it.  Pick  the  correct  range  and  resistance  combina¬ 
tion  (s): 

(a)  50  V  range  with  1 0  k  £2  resistance  in  series 

(b)  10  V  range  with  200  k£2  resistance  in  series 

(c)  5  mA  range  with  1  £2  resistance  in  parallel 

(d)  10  mA  range  with  2  £2  resistance  in  parallel 

<  IIT,  1991 

2.  Choose  the  correct  statements  from  the  following. 

(a)  A  low  voltage  supply  of,  say,  6  V  must  have 
a  very  low  internal  resistance. 

(b)  A  high  voltage  supply  of,  say,  6000  V  must 
have  a  very  high  internal  resistance. 

(c)  A  wire  carrying  current  stays  electrically 
neutral. 

(d)  A  high  resistance  voltmeter  is  used  to  mea¬ 
sure  the  emf  of  a  cell. 

3.  The  terminal  voltage  of  a  battery  is 

(a)  always  equal  to  its  emf 

(b)  always  less  than  its  emf 


(c)  greater  or  less  than  its  emf  depending  on  the 
direction  of  the  current  through  the  battery 

(d)  greater  or  less  than  its  emf  depending  on  the 
magnitude  of  its  internal  resistance 

4.  The  internal  resistance  of  the  cell  shown  in  Fig.  22.98 
is  negligible.  On  closing  the  key  K,  the  ammeter 
reading  changes  from  0.25  A  to  5/12  A,  then 

(a)  Rx  =  10  £2 

(b)  Rl  =  15  £2 

(c)  the  power  drawn  from  the  cell  increases 

(d)  the  current  through  R  decreases  by  40% 

K  Ri 

rO-AAWWW - 1 


r  =  ion 

aaaawaa 


Fig.  22.98 


5.  A  current  /  flows  in  the  circuit  shown  in 
Fig.  22.99.  Then 


Electric  Current  and  D.C.  Circuits  22.37 


(a)  If  a  resistance  R2  =  R  is  connected  in 
parallel  with  Rx  =  R,  the  current  through  R  ( 
will  remain  equal  to  I. 

(b)  If  a  resistance  R2  =  2 R  is  connected  in 
parallel  with  Rx  =  R,  the  current  through  R  ( 
will  remain  equal  to  I. 

(c)  If  a  resistance  R2  =  2 R  is  connected  in 
parallel  with  Rx  =  R,  the  current  through  R  ( 
will  become  1/3. 

(d)  If  a  resistance  R2  =  2 R  is  connected  in  parallel 
with  Rx  =  R,  the  current  through  R2  will  be 
7/2. 

R-i  =  R 


Fig.  22.99 

6.  Two  equal  resistances  Rx  =  R2  =  R  are  connected 
with  a  30  £2  resistor  and  a  battery  of  terminal  volt¬ 
age  E.  The  currents  in  the  two  branches  are  2.25  A 
and  1.5  A  as  shown  in  Fig.  22.100.  Then 

(a)  R2  =  15  £2  (b)  R2=  60  £2 

(c)  E  =  36  V  (d)  E  =  180  V 


Ri~R  2.25  A 


Fig.  22.100 


7.  Which  of  the  following  statements  are  correct 
about  the  circuit  shown  in  Fig.  22.101  where  1  £2 
and  0.5  Q  are  the  internal  resistances  of  the  6  V  and 
12  V  batteries  respectively? 

1  Q  0.5  Q 


Fig.  22.101 


(a)  The  potential  at  point  P  is  6  V. 

(b)  The  potential  at  point  Q  is  -  0.5  V 

(c)  If  a  voltmeter  is  connected  across  the  6  V  bat¬ 
tery,  it  will  read  7  V. 

(d)  If  a  voltmeter  is  connected  across  the  6  V  bat¬ 
tery,  it  will  read  5  V. 

8.  In  the  circuit  shown  in  Fig.  22.102, 

(a)  the  current  through  NP  is  0.5  A 

(b)  the  value  of  Rx  =  40  Q 

(c)  the  value  of  R  =  14  £2 

(d)  the  potential  difference  across  R  =  49  V 

L  R  M  N 


Fig.  22.102 

9.  Choose  the  correct  statements  from  the  following. 

(a)  If  n  identical  cells,  each  of  emf  E  and  internal 
resistance  r  are  connected  in  series,  the  emf  of 
the  combination  is  nE  and  the  internal  resistance 
of  the  combination  is  nr. 

(b)  If  n  identical  cells,  each  of  emf  E  and  internal 
resistance  r  are  connected  in  parallel,  the  emf 
of  the  combination  is  E/n  and  the  internal 
resistance  of  the  combination  is  r/n. 

(c)  Cells  should  be  connected  in  series  if  the  external 
resistance  R  is  greater  than  internal  resistance  r. 

(d)  Cells  should  be  connected  in  parallel  of  R  is 
smaller  than  r. 

10.  The  resistance  network  shown  in  Fig.  22.103  is 

connected  to  a  battery  of  emf  30  V  and  internal 

resistance  of  1  £2.  Then 

12  £2 

- WW - 

2n  GQ 

- WW - WvV - 

4  Q. 


r=  1  £2 

- 1  I - 

£=  30  V 

Fig.  22.103 
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(a)  the  voltage  drop  across  the  2  12  resistor  is  12  V. 

(b)  the  voltage  drop  across  the  1 2  12  resitor  is  12  V. 

(c)  the  terminal  voltage  of  the  battery  is  24  V. 

(d)  the  voltage  drop  across  the  internal  resistance 
of  the  battery  is  6  V. 

11.  A  steady  current  flows  in  a  matallic  conductor  of 
nonuniform  cross-section.  Which  of  the  following 
quantities  remain  constant  along  the  length  of  the 
conductor? 

(a)  Current  (b)  drift  speed 

(c)  resistivity  (d)  electric  field 

12.  A  cell  of  emf  E  and  internal  resistance  r  supplies  a 
current  of  0.9  A  through  a  2  12  resistor  and  a  current 
of  0.3  A  through  a  7  12  resistor.  Then 

(a)  r  =  1.0  12  (b)  r  =  0.5  12 

(c)  E  =  2.0  V  (d)  E  =  2.25  V 

13.  A  voltmeter  graded  as  6000  12  per  volt  reads  3 
V  at  full-scale  deflection.  When  a  resistance  R' 
is  connected  in  series  with  it  the  reading  of  the 
new  voltmeter  is  12  V  at  full-scale  deflection.  The 
resistance  of  the  new  voltmeter  is  R".  Then 

(a)  R'  =  5.4  x  104  12 

(b)  R'  =  3.6  x  104  V 

(c)  R"  =  5.4  x  104  12 

(d)  R"  =  7.2  x  104  V 

14.  An  infinite  network  of  resistances  is  constructed 
with  1  12  and  2  12  resistances  as  shown  in  Fig. 
22.104.  A  6  V  battery  of  negligible  internal  resis¬ 
tance  is  connected  between  A  and  B. 

<  IIT,  1987 


in  in  in  in 


Fig.  22.104 

(a)  The  effective  resistance  between  A  and  B  is 
3  12. 

(b)  The  effective  resistance  between  A  and  B  is 
2  12. 

(c)  The  current  in  the  1  12  resistance  closest  to 
the  battery  is  3.0  A. 

(d)  The  current  in  the  2  12  resistance  closest  to 
the  battery  is  1.5  A. 

15.  A  single  battery  of  emf  E  and  internal  resistance  r 
is  equivalent  to  a  parallel  combination  of  two  bat¬ 
teries  of  emfs  Ex  =  2  V  and  E2  =  1.5  V  and  internal 


resistances  ^=112  and  r2  =  2  12  respectively,  with 
polarities  as  shown  in  Fig.  22.105. 

ggHT,  1997 

(a)  E  =  -  V  (b)  E  =  1.2  V 

6 

(c)  r  =  1.5  12  (d)  r  =  -  12 


r 2  e2 


Fig.  22.105 

16.  In  the  circuit  shown  in  Fig.  22.106,  cells  Ex  and 
E2  have  emfs  4  V  and  8  V  and  internal  resistances 
0.5  12  and  1  12  respectively. 

<  IIT,  1978 

Ei  E2 


6  n 

Fig.  22.106 


(a)  The  potential  difference  across  Ex  is  4.25  V 

(b)  The  potential  difference  across  Ex  is  3.75  V 

(c)  The  potential  difference  across  E2  is  8.5  V 

(d)  The  potential  difference  across  E2  is  7.5  V. 

17.  In  the  circuit  shown  in  Fig.  22.107,  if  the  galva¬ 
nometer  resistance  is  6  12,  then  in  the  steady  state 


B 


12  V 

Fig.  22.107 

(a)  no  current  flows  through  the  galvanometer. 
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(b)  the  current  through  R2  is  4  A. 

(c)  the  charge  on  C,  is  80  pC. 

(d)  the  charge  on  C2  is  80  pC. 

18.  In  the  cirucit  shown  Fig.  22. 1 08,  the  current  through 

(a)  the  3  Q.  resistor  is  1.0  A 

9 

(b)  the  3  Q  resistor  is  —  A 

15 

(c)  the  4  Q  resistor  is  0.50  A 

(d)  the  4  £2  resistor  is  0.25  A 


<  IIT,  1998 


ANSWERS  AND  SOLUTIONS 

1.  For  voltmeter,  the  resistance  R  to  be  connected  in 
series  with  the  galvanometer  is  given  by 


For  50  V  range,  R  =  - — — -  -  100 

50  x  10-6 

=  10~6  -  100  =  106  =1000  kQ. 
Hence  choice  (a)  is  incorrect. 

For  10  V  range,  R  =  - — — -  -  100 

50  x 1 00  6 

=  2  x  105  -  100  =  2  x  105 
=  200  k£2.  Hence  choice  (b)  is  correct. 

For  ammeter,  the  shunt  resistance  is  given  by 


50  x  10~6 

For  5  inA  range,  S  =  - - —  x  100  =  1  Q, 

5  X  10~3 

Hence  choice  (c)  is  correct. 

50  x 10  6 

For  10  mA  range,  5  =  - -  x  100  =  0.5  Q 

10  x  10~3 

Hence  choice  (d)  is  incorrect.  Thus  the  correct 
choices  are  (b)  and  (c). 

2.  Statement  (a)  is  correct. 

The  current  /  drawn  from  a  supply  of  voltage  E  and 
internal  resistance  r  is  given  by  I  =  Elr.  So  r  must 
be  very  small  so  that  a  high  current  can  be  drawn. 
Statement  (b)  is  also  correct.  At  such  a  high  volt¬ 
age,  the  current  drawn  from  the  supply  will  become 
dangerously  large  if  its  internal  resistance  is  small. 
Hence  a  high  voltage  supply  must  have  a  very  high 
internal  resistance  so  that  the  current  drawn  from  it 
does  not  exceed  the  safe  limit. 

Statement  (c)  is  correct.  A  wire  carrying  current  is  not 
charged.  It  stays  neutral  because  as  many  electrons  en¬ 


ter  one  end  of  the  wire  as  leave  it  from  the  other  end. 
Statement  (d)  is  incorrect.  A  voltmeter  does  not 
measure  the  emf;  it  measures  only  the  potential 
difference  because  it  draws  some  current  from  the 
cell.  A  potentiometer  is  used  for  emf  measurement 
because  at  balance  point,  no  current  is  drawn  from 
the  cell.  The  potential  difference  measured  with  a 
voltameter  is  always  less  than  the  emf.  Thus  the 
correct  choices  are  (a),  (b)  and  (c). 

3.  Terminal  voltage  V=  E  —  Ir,  where  E  is  the  emf  and 
r  the  internal  resistance  of  the  battery.  If  the  current 
is  flowing  from  the  +  ve  to  the  negative  terminal 
in  the  external  circuit  V  <  E.  However,  if  the  cur¬ 
rent  is  flowing  in  the  opposite  direction,  a  voltmeter 
across  the  battery  would  show  V  >  E.  Hence  the 
correct  choice  is  (c). 

4.  Before  closing  the  key, 

/,=  -=>  0.25  =—=>£  =  2.5  V 
1  R  10 


After  closing  the  key, 

RR 

Effective  resistance  is  =  - - — 

-  (/?+/?,) 


lOgi 

(10  +  /?,)' 


5  2.5  x  (10  +  /?,) 

or  —  =  - 

12  10/?, 

which  gives  /?,  =  15  Q. 

Before  closing  the  key, 

Power  Px  =  I{R2  =  (0.25)2  x  10  =  0.625  W 
After  closing  the  key, 

Power  P1  =  i\r2  =  f— 1  x  10x15  =  1.04  W 
2  -  -  U2 )  (10  +  15) 

Hence  power  drawn  from  the  cell  increases. 

Before  closing  the  key,  the  current  through  R  is  /, 
=  0.25  A.  After  closing  the  key,  the  current  through 
R  is 
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//=  —  x  —  =  —  =  0.25  A.which  is  equal  to  /,. 

1  12  5  4  ui 

Hence  the  correct  choices  are  (b)  and  (c). 

5.  When  R2  =  R  is  connected  in  parallel  with  Rx=  R, 
the  resistance  of  the  combination  is  R/2.  Therefore, 
the  current  in  the  circuit  is  VI R! 2  =  2  VI R  =  21,  where 
/  =  V/R  was  the  current  in  the  circuit  when  R2  was 
not  connected.  Current  2 /divides  equally  among  two 
equal  parallel  resistors.  Hence  the  current  through  Rx 
will  still  be  /.  Thus  choice  (a)  is  correct.  When  R2 
=  2 R  is  connected  in  parallel  with  Rx=  R,  the  total 
resistance  in  the  circuit  is  2R/3  and  the  current  in  the 
circuit  is 

V  =  3C  =  3/ 

2R/3  2  R  2 

3/  2 

.'.  Current  through/?]  =  —  x  —  =/.  Hence  choice 

(b)  is  also  correct.  The  remaining  current  7/2  flows 
through  R2.  Hence  the  correct  choices  are  (a),  (b), 
and  (d). 

6.  Using  Kirchhoff ’s  1st  law  current  through  R2  is  2.25 
—  1.5  =  0.75  A.  Also  since  R2  is  in  parallel  with  the 
30  £2  resistance,  R2  must  be  60  £2  since  only  half 
the  current  flows  through  it  compared  to  the  current 
through  30  £2  resistor.  Total  resistance  in  the  circuit 
becomes  60  +  20  =  80  £2 

Potential  drop  across  the  battery  E  =  IR  =  2.25  x  80 
=  180  V. 

Hence  the  correct  choices  are  (b)  and  (d). 

7.  Total  resistance  =  4+1+0.5  +  0.5  =  60.  Net  volt¬ 

age  in  the  circuit  is  6  V.  Current  /  =  —  =  1  A  in  the 
anticlockwise  direction  ' 

VPR  =  1  x  4  =  4  V 

Since  R  is  connected  to  earth,  VR  =  0.  Hence  VP  =  4  V 
VSQ  =  0.5  X  1  =  0.5  V.  S  is  at  a 
higher  potential  than  Q 

VQ  =  -  0.5  V 

Current  is  being  forced  into  the  6  V  battery  in  the 
opposite  direction.  Hence  V6  =  E  +  I  r  =  6+  1  x  1 
=  7  V.  Hence  the  correct  choices  are  (b)  and  (c). 

8.  Potential  difference  across  MP  =  p.d.  across  NO  = 
p.d.  across  NP  (see  Fig.  22.104) 

Current  across  NP,  INP  X  1 0  =  20  X  1  or  INP  =  2  A 
Across  MP,  0.5  Rx  =  20  or  Rx  =  40  £2 

Total  current  =  2  +  0.5  +  1.0  =  3.5  A 
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3'5  =  R  +  40/7  yidds  R  =  14  Q 
Hence  the  correct  choices  are  (b)  and  (c). 

9.  The  correct  choices  are  (a),  (c)  and  (d).  In  choice 
(b)  the  emf  of  the  combination  E  and  not  E/n. 

10.  Total  resistance  of  parallel  combination  is  given 
by 

_i_  =  _L  i  i 

~RX  ~~  12  +  6  +  4 

or  /?,  =  2  £2.  Total  resistance  in  circuit  is  R=  Rx+  2 
=  4  £2.  Therefore,  current  in  the  circuit  is 


R+r  4  +  1 


Potential  drop  across  2  £2  resistor  =  2x6  = 
12  V. 

The  voltage  drop  across  the  2  £2  resistor  is  12  V. 
Since  the  resistance  of  the  parallel  combination  is 
also  2  £2,  the  voltage  drop  across  this  combination 
is  also  12  V.  Therefore,  the  total  voltage  drop  across 
the  network  =  12  +  12  =  24  V.  Thus  the  terminal 
voltage  of  the  battery  is  24  V. 

Voltage  drop  across  the  battery  =  30  -  24  =  6  V.  All 
the  four  choices  are  correct. 

11.  Current  does  not  depend  on  the  cross-section  of 
the  conductor.  Drift  speed  is  inversely  proportional 
to  the  area  of  cross-section.  Electric  field  depends 
upon  the  drift  speed  of  free  electrons.  Resistivity 
depends  only  on  the  material  of  the  conductor. 
Hence  the  correct  choices  are  (a)  and  (c). 

12.  If  E  is  the  emf  of  the  cell  and  r  its  internal  resis¬ 
tance,  then 

E  E 

-  =  0.9  and  -  =  0.3 

2  +  r  7  +  7' 

Dividing  the  two  equations,  we  get 

7  +  r  _  9 
277  ”  3 
or  r  =  0.5  £2. 

Using  r  =  0.5  £2  in  — — —  =  0.9,  we  get  E  =  2.25  V. 
(2  +  r) 

Hence  the  correct  choices  are  (b)  and  (d). 

13.  A  voltmeter  is  graded  according  to  its  resistance 
and  the  voltage  it  reads  at  full  scale  deflection.  If 
a  voltmeter  has  a  resistance  R  ohms  and  it  reads  V 
volts  at  full  scale  deflection,  it  is  said  to  be  graded 
as  R/V ohm  per  volt.  It  is  given  that  V  =  3.0  V  and 
the  voltmeter  is  graded  as  6000  £2/V.  Hence  the 
resistance  of  the  voltmeter  is 

R  =  6000  £2/V  x  3.0  V  =  1.8  x  104  £2 
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At  full-scale  deflection,  the  current  through  the 
voltmeter  is 


- - — r  =  1.67  x  liT4  A 

1.8  x  104 


In  order  to  convert  this  instrument  into  a  voltmeter 
that  reads  12  V  at  full-scale  deflection,  the  resis¬ 
tance  R'  that  must  be  connected  in  series  with  it  is 
given  by  (here  V'  =  12  V) 

V'  1 9 

R'  = - R  =  - - - -  -  1.8  x  104 

7  1.67  x  1(T4 


or  (R  +  1 )  (R  -  2)  =  0 

which  gives  R  =  -  1  £2  or  2  £2.  Since  negative  value 
of  R  is  not  admissible,  R  =  2  £2. 


1  £2  /  /_/' 


Fig.  22.110 


=  5.4  x  104  £2 


The  resistance  of  the  new  voltmeter  =  R  +  R'  = 
1.8  x  104  +  5.6  x  104  =  7.2  x  104  £2.  Hence  the  cor¬ 
rect  choice  are  (a)  and  (d). 

14.  Let  circuit  be  broken  as  shown  in  Fig.  22.109(a). 
Since  the  circuit  is  infinitely  long,  its  total  resis¬ 
tance  remains  unaffected  by  removing  one  mesh 
from  it.  Let  the  effective  resistance  of  the  infi¬ 
nite  network  be  R.  The  effective  resistance  of  the 
remaining  part  of  the  circuit  beyond  CD  is  also  R. 
The  circuit  can  be  recombined  as  shown  in  Fig. 
22. 1 09  (b).  The  resistance  R  and  2  £2  are  in  parallel. 
Their  combined  resistance  is 


R'  is  the  series  with  remaining  1  £2  resistance.  The 
total  combined  resistance  is 


— — +  1 
R+2 

which  must  be  equal  to  the  total  resistance  of  the 
infinite  net  work.  Therefore 


B  D 


(a)  (b) 

Fig.  22.109 

2  R  ,  2R  +  2 

R  =  -  +  1  =  - 

R+ 2  R+2 

or  R2  +  2  R=  3  R  +  2  or  R2  -  R  -  2  =  0 
or  R2-2R+R-2  =  0 
or  R  (R  -  2)  +  (R  -  2)  =  0 


Applying  Kirchhoff’s  loop  rule  to  the  two  meshes 
in  Fig.  22.110,  we  have  (v  R  =  2  £2) 

1x7  +  21' =  6  (1) 

and  2(7  -  I')  -  21'  =  0 

which  gives  7  =  21'.  Therefore,  using  Eq.  (1),  we 
have 

21'  +  21'  6  or  I'=  -  =  1.5  A. 

4 

So  the  correct  choices  are  (b),  (c)  and  (d). 


15.  Refer  to  Fig.  22.111.  Applying  Kirchhoff’s  loop 
rule  to  loop  abcda,  we  have 


—  7r2  +  E2  +  Ex  -  Ir  j  =  0 
which  gives  7=  Ei+E2  -  2  +  1‘5 


r,+r7 


1  +  2 


=  Za 
6 


a  I  ^ 
^AAAA 


(+h 


Fig.  22.111 

The  emf  across  A  and  B  is 

E  =  -  E2  +  Ir2 

7  5 

=  -1.5+  —  x2=  —  V 
6  6 

This  is  the  emf  of  the  single  battery.  The  internal 
resistance  of  the  single  battery  is  the  resistance  r  of 
the  parallel  combination  of  internal  resistances  rl 
and  r2  which  is 

r,  r7  1x2  2 

r  =  2  =  - =  — £2 

Oi  +ri)  1+2  3 

So  the  correct  choices  are  (a)  and  (d). 

16.  Equivalent  resistance  of  the  parallel  combination  of 
3  £2  and  6  £2  is  R  =  3  x  6/(3  +  6)  =  2  £2.  As  the  cells 
are  in  opposition,  net  emf  E  =  E2-Ex  =  8-  4  =  4  V. 
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Therefore,  current  is 


R  +  4.5  +  rx  +  r2  2  +  4.5  +  0.5  +  1 

Potential  difference  across  Ex  is  Vx  =  Ex  +  Irx  = 
4  +  0.5x0.5  =  4.25  V 

Potential  difference  across  E2  is  V2  =  E2  -  Ir2  = 
8  -  0.5  x  1  =  7.5  V 

Hence  the  correct  choices  are  (a)  and  (d). 

17.  In  the  steady  state,  no  current  flows  through  the 
branch  ABC  containing  the  capacitors.  Thus  all 
the  current  flows  through  ADC.  So  choice  (a)  is 
correct.  Current  through  Rx  =  current  through  R2 
=  I  =  12/24  =  0.5  A.  Now  p.d.  across  A  and  C  = 

12  V.  Therefore  Q  =  VXCX  =  V2C2.  Thus  —  =  — 


=  2.  Also  Vx  +  V2=  12.  Therefore,  Vx  =  8  V  and 

V2  =  4V.  Thus  Q  =  CXVX  =  10  pF  x  8  V  ~80  pC 
charge  on  C2.  Thus  the  correct  choices  are  (a),  (c) 
and  (d). 

18.  The  equivalent  resistance  between  A  and  B  of  the 
circuit  to  the  right  of  AB  is  4  £2.  Therefore,  total 
resistance  =  3  +  4  +  2  =  9  £2.  Current  7=9  V/9  £2 
=  1  A.  The  current  is  equally  divided  in  the  8  £2 
resistor  between  A  and  B  and  the  remainder  8  £2. 
Hence  current  in  AC  =  0.5  A.  This  current  is  equally 
divided  between  CD  and  the  circuit  to  the  right  of 
CD.  Therefore,  current  in  the  4  £2  resistor  =  0.25  A. 
Hence  the  corrects  choice  are  (a)  and  (d). 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  4  are  based  on  the  following  passage 


Passage  I 

The  circuit  shown  in  Fig.  22.112  consists  of  the 
following 


Ri 

-VWVWV- 


|— |  PvVMW- 

e2  r2 


E  i 

Hi 


^AAMM - 1 

*3 


-WvWWWA— 

r4 


Fig.  22.112 

Ex  =  3E2  =  2EX  =  6  volt 
Rx  =  2R4  =  6  ohm 


7?3  =  2R2  =  4  ohm 
C=  5  pF 

<  IIT,  1988 

1.  The  current  in  resistance  Rx  is 

(a)  0.5  A  (b)  1.0  A 

(c)  1.5  A  (d)  zero 

2.  The  current  through  resistance  R3  is 

(a)  1.5  A  (b)  1.2  A 

(c)  0.9  A  (d)  0.6  A 

3.  The  current  through  resistance  R4  is 

(a)  0.3  A  (b)  0.25  A 

(c)  0.2  A  (d)  zero 

4.  The  energy  stored  in  the  capacitor  is 

(a)  4.8  x  lO^6  J  (b)  9.6  x  lO^6  J 

(c)  1.44  x  10~5  J  (d)  1.92  x  10  5  J 


SOLUTION 

1.  Refer  to  Fig.  22.113  on  page  22.43. 

In  the  steady  state,  no  current  flows  through  the 
capacitor.  Hence  the  current  through  R,  is  zero, 
which  is  choice  (d). 

2.  Applying  Kirchhoff  s  rule  to  loop  EBCDE,  we  get 


I2R3  =  Ex  or/2=  ^  =1.5  A 
The  correct  choice  is  (a). 

3.  Applying  Kirchhoffs  second  law  to  the  loop 
FDHGF,  we  get 
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h  ^2  ~  h  ^3  +  h  ^4  ~  ^2  ~  ^3 
or  /3  (R2  +  R4)  =  I2  R3  —  E2  -  E3 
or  /3  (2  +  3)  =  1.5  x  4  -  2  -  3 
or  5/3  =1  or  /3  =  0.2  A 

So  the  correct  choice  is  (c). 

4.  Potential  difference  between  F  and  E  is 

V=  E2  +  /3  R2  =  2  +  0.2  x  2  =  2.4V.  The  points  E 
and  A  are  at  the  same  potential.  Therefore  potential 
difference  between  F  and  A  is  2.4  volt.  Energy 

1  2 

stored  in  the  capacitor  =  —  CV 


=  |x5x  10~6  x  (2.4)2  =  14.4  x  10~6  J 

Hence  the  correct  choice  is  (c). 

Ei  =6V 


A 


Ri  =  6  fi  g 


C  =  5  |4F  —j— 

■  /  R2  =  20. 
Fp^hAAAAA^ 
E2  =  2V  ' 


H 


H 


R3  =  4£2 
-AAAAA- 


-AAAAA- 
E3  '=  3V  R4  =  3 


H 


Fig.  22.113 


Questions  5  to  8  are  based  on  the  following  passage 
Passage  II 

The  circuit  shown  in  Fig.  22. 1 1 4,  consists  of  the  following 
F1  =  3Y,F2  =  2V,£3=1V  and  r,  =  r2=  r3=  f?  =  IQ. 


<  IIT,  1981 


5.  Current  /,  through  resistance  r,  is 

(a)  zero  (b)  0.5  A 

(c)  1.0  A  (d)  1.5  A 

6.  Current  I2  through  resistance  r2  is 

(a)  zero  (b)  1.0  A 

(c)  2.0  A  (d)  3.0  A 

7.  Current  /3  through  resistance  r3  is 

(a)  1.0  A  (b)  1.5  A 

(c)  2.0  A  (d)  2.5  A 

8.  If  r2  is  short-circuited  and  point  A  is  connected  to 
point  B,  the  current  through  resistor  R  would  be 

(a)  1.0  A  (b)  2.0  A 

(c)  3.0  A  (d)  zero 


SOLUTION 

5.  Applying  Kirchhoffs  rule  to  loops  abcda  and 
abcdefa,  we  have 

-Ilrl+El-E2-I2r2=0 
and  -  Ixrx  +  El  -  E3  -  /3r3=  0 
which  give  Ex  -  Ixrx=E2  +  I2r2  =  E3  +  I3r3  (i) 
Applying  Kirchhoff’s  first  rule  to  junction  a,  we 
have 

/,  V  h  +  h  (ii) 

Using  Eq.  (ii)  in  Eq.  (i),  we  get 
E\  —  (J2  +  h)  ri=  E3  +  /3r3  or  2 /3  +  I2  =  2  (iii) 
Also  E2  +  I2r2=  E3  +  I3r3  or  I3  —  I2  =  1  (iv) 
Equations  (ii),  (iii)  and  (iv)  give  Ix  =  1  A.  So  the 
correct  choice  is  (c). 


6.  Equations  (ii),  (iii)  and  (iv)  give  I2  =  0,  which 
choice  (a). 

7.  From  Eq.  (ii)  we  get  /3  =  7)  - 12  =  1  -  0  =  1  A.  So 
the  correct  choice  is  (a). 

8.  Since  I2  =  0,  the  potential  difference  between  points 
a  and  d  =  emf  E2  =  2  V  and  remains  equal  to  2  V 
even  when  r2  is  short-circuited.  Because  the  poten¬ 
tial  difference  across  a  and  d  remains  unchanged, 
the  currents  /(  and  /3  through  cells  £j  and  E2  do  not 
change  i.e.  Ix  =  /3  =  1  A,  even  when  point  A  is  con¬ 
nected  to  point  B.  Hence  the  current  through  R  will 
be  zero,  which  is  choice  (d). 


Questions  9  to  12  are  based  on  the  following  passage 
Passage  III 

Figure  22.115  shows  a  network  of  six  resistors  connected 
a  battery  of  emf  8.5  V  and  of  negligible  internal  resistance. 


The  direction  of  one  of  the  currents  in  the  branches  is 
wrongly  marked. 

<  IIT,  1991 

9.  In  branch  ab,  the  current  ix  is 
(a)  0.1  A  flowing  from  a  to  b 
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(b)  0.1  A  flowing  from  b  to  a 

(c)  0.2  A  flowing  from  a  to  b 

(d)  0.2  A  flowing  from  b  to  a 

10.  In  branch  ad,  the  current  i2  is 

(a)  0.2  A  flowing  from  a  to  d 

(b)  0.2  A  flowing  from  d  to  a 

(c)  0.3  A  flowing  from  a  to  d 

(d)  0.3  A  flowing  from  d  to  a 

11.  In  branch  bd,  the  current  /3  is 

(a)  0.3  A  flowing  from  b  to  d 

(b)  0.3  A  flowing  from  d  to  b 

(c)  0.1  A  flowing  from  b  to  d 

(d)  0.1  A  flowing  from  d  to  b. 

12.  The  total  resistance  of  the  network  is 

(a)  8.0  Q  (b)  8.5  U 

(c)  17  Q  (d)  17.5  Q 


Fig.  22.115 


SOLUTION 


Applying  Kirchhoffs  junction  rule  to  junctions  a,  b  and 
d,  we  have 

1=  Ix+ 12, 14  =  I\—  /3  and  I5  =  I2  +  Iy 

Applying  Kirchhoffs  loop  rule  to  loops  abda,  bcdb  and 
adcefa,  we  get 

10  7)  +  5  /3  -  5  I2  =  0 

or  I2=  2  7)  +  /3  (i) 

5(/,  -  /3)  -  1 0(/2  +  /3)  -5/3  =  0 
or  /,  -  2  /2  =  4  /,  (ii) 

and  5  I2  +  1 0(/2  +  /3)  -  8.5  +  1 0(7,  +  /2) 
or  2/1  +  5/2  +  2/3=  1.7  (iii) 


Solving  Eqs.  (i),  (ii)  and  (iii)  we  get  7)  =  0.2  A,  /2  =  0.3 
A  and  /3  =  -  0.1  A.  Since  7)  and  I2  are  positive,  their 
directions  are  correct.  But  the  sign  of  /3  is  negative  which 
indicates  that  the  direction  /3  should  be  from  d  to  h  and 
not  from  b  to  d. 

9.  The  correct  choice  is  (c). 

10.  The  correct  choice  is  (c). 

11.  The  correct  choice  is  (d). 

12.  Total  current  is  7  =  7;  +/2  =  0.2  +  0.3  =  0.5  A.  Hence 
the  total  resistance  of  the  network  is 

/,•  '  £1 
7  0.5 

So  the  correct  choice  is  (c). 


Questions  13  to  16  are  based  on  the  following  passage 
Passage  IV 

Figure  22.116  shows  four  cells  E,  F,  G  and  77  of  emfs 

2  V,  1  V,  3  V  and  1  V  and  internal  resistances  2  Q,  1  Q, 

3  Q  and  1  £2  respectively. 


<  IIT,  1984 


13.  The  current  flowing  in  the  2  <7  resistor  is 

(a)  -A  (b)  -  A 

7  9 

(c)  —  A  (d)  —  A 

11  13 

14.  The  potential  difference  between  points  B  and  D  is 


(a) 

(c) 


11 


(b)  -  V 
9 


(d)  —  V 

13 


15.  The  potential  difference  between  the  terminals  of 
cell  G  is 

(a)  equal  to  3  V 

(b)  more  than  3  V 

(c)  between  2  V  and  3  V 

(d)  between  1  V  and  1.5  V. 
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16.  The  potential  difference  between  the  terminals  of 
cell  His 

(a)  equal  to  1  V 

(b)  more  than  2  V 

SOLUTION 

13.  Let  /,  and  /2  be  the  currents  in  branches  BAD  and 
DCB  respectively  as  shown  in  Fig.  22.117.  Let  /3 
be  the  current  along  DB  through  the  2  £2  resistor. 


(c)  between  1.5  V  and  2  V 

(d)  between  1  V  and  1.5  V 


Applying  Kirchhoff’s  first  law  at  function  D,  we 
have 

1 1  72  4-  /  3  or  /  3  / 1  I 2 

Applying  Kirchhoff’s  second  law  to  loops  BADE 
and  DCBD  we  have 


27)  +  /,  +  2(7,  -  /2)  =  2  -1  =  1 
or  57)  —  2 12=  1  (i) 

and  3/2  +  /2  -  2(/,  -  /2)  =  3  -  1  =  2 
or  6 /2  -  2/|  =  2  (ii) 

From  Eqs.  (i)  and  (ii),  we  get 

1  13  2  13 

312  13 

The  negative  sign  shows  that  the  current  through  the 
2  12  resistor  flows  along  BD  and  not  along  DB  as 
assumed.  So  the  correct  choice  is  (d). 

14.  Potential  difference  between  B  and  D  =  2  x  (1/13) 
=  2/13  V,  which  is  choice  (d). 

15.  Potential  difference  between  the  terminals  of  cell 
G  =  3  -  (6/13)  x  3  =  21/13  -  1.6  V.  So  the  correct 
choice  is  (d). 

16.  Potential  difference  between  the  terminals  of  cell  H 
=  1  +  6/13  =  19/13  -  1.46.  Thus  the  correct  choice 
is  (d). 


Questions  17  to  19  are  based  on  the  following  passage 
Passage  V 

Two  resistances  300  £2  and  400  £2  are  connected  to  a  60 
V  power  supply  as  shown  in  Fig.  22.118.  A  voltmeter 
connected  across  the  400  £2  resistor  reads  30  V. 

<  IIT,  1980 

Voltmeter 

- 0 - 


AAAAA- 

300  a 


aaaaa- 
400  n 


H 1 - 

60  V 

Fig.  22.118 


17.  The  resistance  of  the  voltmeter  is 


600  £2 

(b) 

800  £2 

1000  £2 

(d) 

1200  £2 

current  in  the  circuit  is 

—  A 

(b) 

A  A 

32 

16 

-A 

o 

(d) 

-A 

A 

19.  When  the  same  voltmeter  is  connected  across  the 
300  £2  resistor,  it  will  read 


(a)  40  V 
(c)  37.5  V 


(b)  22.5  V 
(d)  25  V 


SOLUTION 


17.  Potential  difference  across  the  400  £2  resistance 
=  30  V.  Therefore,  potential  difference  across 
the  300  £2  resistance  =  60  -  30  V  =  30  V.  Let  R  be 
the  resistance  of  the  voltmeter.  As  the  voltmeter  is 


in  parallel  with  the  400  £2  resistance,  their  com¬ 
bined  resistance  is 


R'= 


400  R 
(400  +  R) 
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As  the  potential  difference  of  60  V  is  equally, 
shared  between  the  300  £2  and  400  £2  resistances, 
fV  should  be  equal  to  300  Q.  Thus 


300 


400  7? 
(400  +  R) 


Total  resistance  in  the  circuit  =  400  +  240  =640  £2 
Current  in  the  circuit  is 

i=™L  =  Aa 

640  £2  32 

So  the  correct  choice  is  (a). 


which  gives  R  =  1200  £2,  which  is  choice  (d). 

18.  When  the  voltmeter  is  connected  across  the  300  £2 
resistance,  their  combined  resistance  is 


R"  = 


300  R 
(300  +  R) 


300x1200 
(300  +  1200) 


=  240  £2 


19.  Voltmeter  reading  =  Potential  difference  across 
240  £2  resistance 

=  —  x  240  =  22.5  V 
32 

Thus  the  correct  choice  is  (b). 


Questions  20  to  23  are  based  on  the  following  passage 
Passage  VI 

Figure  22.119  shows  a  part  of  the  circuit  in  the  steady 
state.  The  currents,  the  values  of  resistances  and  emfs  of 
the  cells  are  shown  in  the  figure.  The  circuit  also  contains 
a  capacitor  of  capacitance  C  =  4  pF. 

<  IIT,  1986 


20.  The  value  of  current  ix  is 


(a)  1  A 

(b) 

2  A 

(c)  3  A 

(d) 

4  A 

21.  The  value  of  current  z2  is 

(a)  1  A 

(b) 

2  A 

(c)  3  A 

(d) 

4  A 

22.  The  value  of  current  z3  is 

(a)  1  A 

(b) 

2  A 

(c)  3  A 

(d) 

4  A 

SOLUTION 

23.  The  energy  stored  in  the  capacitor  is 

(a)  2  x  1 0  4  J  (b)  4  x  lO^4  J 

(c)  6  x  10^*  J  (d)  8  x  10^  J 


20.  Applying  Kirchhoff  s  junction  rule  to  junction  A, 
we  have  /j  =  2  +  1  =  3  A,  which  is  choice  (c). 

21.  At  junction  B,  i2  +  1=2  or  i2  =  1  A,  which  is 
choice  (a). 

22.  At  junction  D,  /j  =  i2  +  z3  =>  z3  =  /,  z2  =  3  •  I 
=  2  A. 

So  the  correct  choice  is  (b). 

23.  Potential  drop  along  AEDB  is  given  by 


V=  5  q  +  1  z'j  +  2  i2  =  15  +  3  +  2  =  20  V 

Potential  difference  across  the  capacitor 
C  =  20  V 


1  2 

Energy  stored  in  the  capacitor  =  —  CV 

=  |  4  x  10  ~6  x  (20)2  =  8  x  10  4  J 
Thus  the  correct  choice  is  (d). 


Questions  24  to  26  are  based  on  the  following  passage 
Passage  VII 

An  electrical  circuit  is  shown  in  Fig.  22.120.  The  values 
of  resistances  and  the  directions  of  the  currents  are  shown. 
A  voltmeter  of  resistance  400  £2  is  connected  across 
the  400  £2  resistor.  The  battery  has  negligible  internal 
resistance. 

<  IIT,  1996 


24.  The  value  of  current  z)  is 


(a)  —A 

10 

(b) 

—  A 
20 

(c)  —  A 

30 

(d) 

—  A 
40 

The  value  of  current  z2  is 

(a)  —  A 

30 

(b) 

-La 

15 
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(c) 


26.  The  reading  of  the  voltmeter  is 

(a)  yV  (b)  5  V 

(c)  y  V  (d)  4  V 


SOLUTION 


400  a 

-gT - 

■vWMWv - 

400  Q. 

WWVVVA - 

200  £2 


Fig.  22.120 


— AVMWv - *- 

- A/VWWW - 

•  ioo  n 

ioo  a 

6 

100  Q. 

_ li _ 

10  V 


24.  Refer  to  Fig.  22 . 1 2 1 . 

Resistance  R  =  200  £2  shown  in  the  circuit  is  the 
equivalent  resistance  of  the  parallel  combination 
of  the  400  £2  resistor  and  the  resistance  of  400  £2  of 
the  voltmeter. 

Applying  Kirchhoff  s  loop  rule  to  mesh  I,  we  have 
-  1 00  I 2  -  1 00(/2  -  /3)  +  100  /,  =  0 
or  /,  2  /2  +  /,  -  0  (1) 

Applying  Kirchhoff  s  loop  rule  to  mesh  II,  we  have 
100  /j  -  200(7)  +I2  +  h)+  10  =  0 
or  3/1  +  2/2-2/3-0.1  =0  (2) 

Applying  Kirchhoff  s  loop  rule  to  mesh  III,  we  have 


-  200  /3  +  200(/j  + 12  -  /3)  +  1 00(/2  -  /3)  =  0 

or  2  7)  +  3  I2  -  5  /3  =  0  (3) 

Simultaneous  solution  of  Eqs.  (1),  (2)  and  (3) 
yields 

1  -  3  30 

So  the  correct  choice  is  (c). 

25.  The  correct  choice  is  (a). 

26.  Voltmeter  reading  =  potential  difference  across 
R(=  200  £2) 

=  LR=  —  x  200  =  —  V. 

3  30  3 

Hence  the  correct  choice  is  (c). 


R  =  200  n 


Fig.  22.121 


% 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 


following  four  choices  out  of  which  only  one  choice  is 
correct. 


22.48  Comprehensive  Physics — JEE  Advanced 


(a)  Statement- 1  is  True,  Statement-2  is  True; 
Statement-2  is  a  correct  explanation  for  State¬ 
ment-  1 . 

(b)  Statement- 1  is  True,  Statement-2  is  True; 
Statement-2  is  NOT  a  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement-1 

If  an  electric  field  is  applied  to  a  metallic  conduc¬ 
tor,  the  free  electrons  experience  a  force  but  do  not 
accelerate;  they  only  drift  at  a  constant  speed. 

Statement-2 

The  force  exerted  by  the  electric  field  is  completely 
balanced  by  the  Coulomb  force  between  electrons 
and  protons. 

2.  Statement-1 

The  drift  speed  of  electrons  in  metals  is  small  (of 
the  order  of  a  few  mm  s  ')  and  the  charge  of  an 
electron  is  also  very  small  (=  1.6  x  10  -  19  C),  yet 
we  can  obtain  a  large  current  in  a  metal. 

Statement-2 

At  room  temperature,  the  thermal  speed  of  elec¬ 
trons  is  very  high  (about  107  times  the  drift  speed) 

3.  Statement-1 

A  wire  carrying  a  current  has  no  electric  field  around  it. 

Statement-2 

A  wire  carrying  current  stays  electrically  neutral 
because  rate  of  flow  of  electrons  in  one  direction 
equals  the  rate  of  flow  of  protons  in  the  opposite 
direction. 

4.  Statement-1 

In  the  metre  bridge  experiment  shown  in  Fig. 
22. 122,  the  balance  length  AC  corresponding  to  null 
deflection  of  the  galvanometer  is  x.  If  the  radius 
of  the  wire  AB  is  doubled,  the  balanced  length 
becomes  4  x. 


X- 


Fig.  22.122 

Statement-2 

The  resistance  of  a  wire  is  inversely  proportional  to 
the  square  of  its  radius. 


5.  Statement-1 


In  the  potentiometer  circuit  shown  in  Fig.  22.123, 
Ex  and  E2  are  the  emfs  of  cells  Cx  and  C2  respec¬ 
tively  with  Ex  >  E2.  Cell  C,  has  negligible  internal 
resistance.  For  a  given  resistor!?,  the  balance  length 
is  x.  If  the  diameter  of  the  potentiometer  wire  AB  is 
increased,  the  balance  length  x  will  decrease. 

R 

- 1 1 - WW - 

Cl 


A 


D 


B 


<2> 


Fig.  22.123 

Statement-2 

At  the  balance  point,  the  potential  difference 
between  AD  due  to  cell  Cx  =  E2,  the  emf  of  cell  C2. 

6.  Statement-1 


In  the  potentiometer  circuit  shown  in  Q.5  above, 
the  wire  AB  is  not  changed  but  the  value  of  resis¬ 
tor  R  is  decreased.  Then  the  balance  length  x  will 
decrease. 

Statement-2 

At  the  balance  point,  the  potential  difference 
between  A  and  D  due  to  cell  Cx  =  emf  E2  of  cell  C2. 

7.  Statement-1 


Electrons  in  a  metallic  conductor  have  no  motion  if 
no  potential  difference  is  applied  across  it. 

Statement-2 


The  potential  difference  gives  rise  to  electric  field 
which  exerts  a  force  on  the  electrons. 

<  IIT,  1982 

8.  Statement-1 

The  resistivity  of  a  semiconductor  decreases  with 
increase  of  temperature. 

Statement-2 

In  a  conducting  solid,  the  rate  of  collisions  between 
free  electrons  and  ions  increases  with  increase  of 
temperature. 

<  IIT,  1993 

9.  Statement-1 

In  a  Meter  Bridge  experiment,  null  point  for  an  un¬ 
known  resistance  is  measured.  Now,  the  unknown 
resistance  is  put  inside  an  enclosure  maintained  at 
higher  temperature.  The  null  point  can  be  obtained 
at  the  same  point  as  before  by  decreasing  the  value 
of  the  standard  resistance. 
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Statement-2 

Resistance  of  a  metal  increases  with  increase  in 
temperature. 

<  IIT,  2008 

SOLUTIONS 

1.  The  correct  choice  is  (c).  The  electrons  suffer  a 
large  number  of  collisions  with  the  positive  ions 
of  the  conductor.  Although  the  electric  field  ac¬ 
celerates  an  electron  between  two  collisions,  it  is 
decelerated  by  collision.  The  net  acceleration 
averages  out  to  zero  and  the  electron  acquires  a 
constant  average  speed.  The  gain  in  speed  between 
collisions  is  lost  in  the  next  collision. 

2.  The  correct  choice  is  (b).  The  current  in  a  metal  de¬ 
pends  not  only  on  the  charge  of  an  electron  and  its 
drift  speed  but  also  on  the  number  of  free  electrons 
per  unit  volume  in  a  metal  which  is  of  the  order  of 
1029  per  m3. 

3.  The  correct  choice  is  (c).  A  wire  carrying  a  cur¬ 
rent  stays  neutral  because  as  many  electrons  enter 
one  end  of  the  wire  as  leave  it  from  the  other  end. 
Since  there  is  no  net  charge  on  the  wire,  there  is  no 
electric  field  around  it. 

4.  The  correct  choice  is  (d).  The  condition  for  no 
deflection  of  the  galvanometer  is 

_  Rac 
R2  Rcb 

where  RAC  and  RCB  are  the  resistances  of  the  bridge 
wire  of  length  AC  and  CB  respectively.  If  the 
radius  of  the  wire  AB  is  doubled,  the  ratio  RAC/R(:/j 
will  remain  unchanged.  Hence  the  balance  length 
will  remain  the  same. 

5.  The  correct  choice  is  (d).  If  the  diameter  of  wire  AB 
is  increased,  its  resistance  will  decrease.  Hence  The 


potential  difference  between  A  and  B  due  to  cell 
Ci  will  decrease.  Therefore,  the  null  point  will  be 
obtained  at  a  higher  value  of  x. 

6.  The  correct  choice  is  (a).  If  the  value  of  R  is 
decreased,  the  potential  difference  between  A  and 
B  due  to  cell  Cx  will  increase.  Hence  the  balance 
length  will  be  smaller  than  x. 

7.  Electrons  in  a  conductor  have  random  thermal  mo¬ 
tion.  Statement- 1  is  false  and  Statement-2  is  true. 

8.  Both  the  statements  are  true  and  Statement-2  is  the 
correct  explanation  for  Statement- 1 . 

9.  Refer  to  Fig.  22.124  where  R  is  the  standard  resis¬ 
tance  and  X  is  the  unknown  resistance. 


X  =  (100-/) 

~R  7 

The  value  of  X  increases  with  increase  in  tempera¬ 
ture.  Hence  to  keep  the  value  of  I  the  same,  the 
value  of  R  must  be  increased.  So  Statement- 1  is 
false,  Statement-2  is  true. 


# 

Integer  Answer  Type  Questions 

1.  In  the  circuit  shown  in  Fig.  22.125,  each  cell  has  an 
emf  of  5  V  and  an  internal  resistance  of  0.2  Q.  Find 
the  reading  of  the  ideal  voltmeter  V  in  volts. 

<  IIT,  1997 

2.  A  wire  of  length  L  and  3  identical  cells  of  negligible 
internal  resistances  are  connected  in  series.  Due  to 


22.50  Comprehensive  Physics — JEE  Advanced 


the  current,  the  temperature  of  the  wire  is  raised  by 
AT  in  a  time  t.  A  number  N  of  similar  cells  is  now 
connected  in  series  with  a  wire  of  the  same  material 
and  cross  section  but  the  length  2 L.  The  tempera¬ 
ture  of  the  wire  is  raised  by  the  same  amount  AT  in 
the  same  time  t.  Find  the  value  of  N. 


Fig.  22.126 

3.  A  uniform  wire  AB  of  length  1  m,  an  unknown 
resistance  X and  a  resistance  of  1 2  Q  are  connected 


to  a  battery  and  a  galvanometer  G  as  shown  in  Fig. 

22. 126.  The  galvanometer  shows  no  deflection  when 
AJ=  60  cm.  Find  the  value  ofX(in  ohm). 

<  IIT,  2002 

4.  Two  batteries  of  different  emfs  and  different 
internal  resistances  are  connected  as  shown  in  Fig. 

22.127.  The  voltage  across  AB  in  volts  is 


6V 


in 


o- 

A 


2  V 


AA/W 


-A/VW- 

2Q 


Fig.  22.127 


-O 

B 


IIT,  2011 


SOLUTIONS 


1.  All  the  cells  are  in  series.  Therefore,  total  emf 
=  40  V  and  total  internal  resistance  =  1.6  Q.  There¬ 
fore,  current  in  the  circuit  is 

7  =  —  =  25  A 

1.6 

Voltmeter  reading  =  terminal  voltage  of  the  cell 
across  which  it  is  connected  =  E  —  Ir  =  5  —  25  x  0.2 
=  5-5  =  0  volt. 

2.  The  heat  energy  generated  in  time  t  is  Q  =  V1t!R , 
where  V  is  the  terminal  voltage  of  a  single  cell. 
Flere  Q  =  ms  AT  where  m  is  the  mass  of  the  wire,  s 
its  specific  heat  and  R  its  resistance. 

In  the  first  case: 


ms&T- 

R 


(1) 


Now  nr  °c  length  and  R  °c  length.  Hence,  in  the 
second  case, 


(2777)  sAT  =  ( NV )  1 

(2  R) 

Dividing  (2)  by  (1),  we  have 


(2) 


2  = 


N2 12 


or  N  =  36  or  N  =  6, 


3.  In  the  balanced  condition 

X  =  BJ_  =  40 
12  AJ  60 

4.  Refer  to  Fig.  22.128. 

6V  in 

— U - vwv — 


A  • 


3V 


-A/VW 

2n 


•  B 


Fig.  22.128 

Applying  Kirchhoff’s  loop  rule  to  CDFEC 
6-1x7- 2x7- 3=0 

=>  7=  1  A 

Since  the  current  is  anticlockwise, 


VA  -  6  +  1  x  7 


VB=0 


Va~Vb  =  6  -  1  X  1  =  5  V 


REVIEW  OF  BASIC  CONCEPTS 


23.1  ■  HEATING  EFFECT  OF  CURRENT 

_ I _ 

If  a  current  /  amperes  flows  for  time  t  seconds  through 
a  resistor  R  ohms  across  which  a  potential  difference 
V  volts  is  maintained,  the  amount  of  heat  energy  H 
(in  joules)  delivered  is  given  by 

H=  Vlt  =  I2  Rt  =  — 


To  obtain  heat  is  calories,  //is  divided  by  J=  4.2  joules  per 
calorie  is  called  the  mechanical  equivalent  of  heat. 
Electrical  Power  If  E  is  the  emf  of  a  source  of  internal 
resistance  r,  the  power  delivered  to  an  external  circuit  of 
resistance  R  (called  the  output  power)  is  given  by 

,  V 2  E2  R 

Pmit  VI  I2  R  —  = - v 

out  R  (R  +  r f 

[v  E  =  I(R  +  r)] 

Electrical  Energy  The  SI  unit  of  energy  is  joule.  A 
practical  unit  for  electrical  energy  is  called  kilowatt  hour 
(kWh).  Since  watt  =  joule  per  second,  watt  second  is  the 
same  as  joule.  Hence 

1  watt  hour  =  1  watt  x  (60  x  60)  seconds 
=  3600  watt  seconds 
=  3600  joules 

1  kilowatt  hour  =  1000  watt  hours 


=  1000  x  3600  joules 
=  3.6  x  106  joules 

Note  that  watt  and  kilowatt  are  units  of  electrical  power 
and  watt  hour  and  kilowatt  hour  are  units  of  electrical 


energy. 


J  POWER-VOLTAGE  RATING  OF 
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2.  Power  of  Electrical  Appliances  Connected  in  Series 

The  total  resistance  R  when  the  appliances  are  connected 
in  series  is  given  by 

R  =  R\  +  R',  +  i?3  +  ... 

.•.  Total  power  consumed  is 

P=  I2R=  I2  (R !  +  ??2  +  ??3  +  ...) 

=>  P  =  jPj  +  P2  “I"  Py  “I"  ••• 


EXAMPLE  23.1 


A  1  kW  heater  is  designed  to  operate  on  a  200  volt 
supply.  Find  (a)  the  resistance  of  the  heater  and  (b) 
by  what  percentage  will  its  power  drop  if  the  supply 
voltage  drops  to  1 60  V? 


SOLUTION 


|  (a)  P  =  1  kW  =  1000  W,  V—  200  volt.  The  resistance 
of  the  heater  is 


R=* -  = 
P 


200  x  200 
1000 


=  40  0 


(b)  Since  R  remains  unchange,  the  power  of  the  heater 
when  the  voltage  drops  to  V'  =  160  V  will  be 


P'  = 


y,L 

R 


160x160 

40 


=  640  W 


P-P' 

Percentage  drop  in  power  =  -  x  1 00 


1000-640 

1000 


P 

x  100  =  36% 


EXAMPLE  23.2 


An  electric  bulb  has  a  rating  of  40  W,  200  V.  Can 
the  bulb  be  safely  used  across  of  300  V  supply? 
If  not,  what  will  you  do  so  that  it  can  glow  with 
normal  brightness  when  it  is  connected  across  300  V 
supply? 


SOLUTION 


Given  P  =  40  W,  V  =  200  volt.  The  resistance  of  the 
bulb  is 


200  x  200 
40 


=  1000  Q. 


If  this  bulb  is  connected  to  a  300  V  supply,  the  power 
dissipated  is 


=  V\_  =  300x300 
1  ~~  ~R  1000 


90  W 


Since  Pl  »  P,  the  bulb  will  get  damaged  because 
now  it  glows  much  more  brightly  and  hence  cannot 
be  safely  used  across  a  300  V  supply.  It  will  glow 
with  normal  brightness  if  it  dissipated  40  W.  This  will 
happen  if  the  voltage  across  it  is  200  V.  To  make  it 


glow  with  normal  brightness  when  connected  to  300 
V  supply,  a  resistance  Rx  must  be  connected  in  series 
with  it  as  shown  in  Fig.  23.1  so  that  the  voltage  drop 
across  R  is  200  V  and  across  Rl  is  100  V.  The  current 
in  the  circuit  is 

V  300 


R  +  Rx  1000  +  RX 

R 


Fig.  23.1 

.•.  Voltage  drop  across  R1=IRl 
must  be  equal  to  100  V,  i.e. 


300^ 
(1000  +  RX) 


which 


300  Rx 

(1000  +  ??!) 


=  100  =>??!  =  500  Q 


EXAMPLE  23.3 


Two  bulbs  A  and  B  are  rated  40  W,  200  V  and  60  W, 
200  V  respectively.  Which  bulb  will  glow  more 
brightly  if 

(a)  the  two  bulbs  are  connected  in  series  and 
this  combination  is  connected  across  a  200  V 
supply? 

(b)  the  two  bulbs  are  connected  in  parallel  and 
this  combination  is  connected  across  a  200  V 
supply? 


SOLUTION 


Resistance  of  bulb  A  is  RA  = 


yL 

Pa 

200  x  200 
40 


=  1000  Q 


Resistance  of  bulb  B  is  RB  = 


yL 

Pb 

200  x  200 
60 


=  666.7  Q 


(a)  If  the  two  bulbs  are  connected  in  series,  the 
current  flowing  to  each  will  be  the  same.  Let 
the  current  be  ?. 

Power  dissipated  in  A  is  P'A  =  I2RA 
Power  dissipated  in  B  is  P'B  =  I2  RB 

Pa  _  Y~Ra  _  Ra 
Pb  I~Pb  Pb 


Since  RA  >  RB:  PA  >  P'B.  Hence  bulb  A  will 
glow  more  brightly  than  bulb  B. 
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(b)  If  the  two  bulbs  are  connected  in  parallel,  the 
potential  difference  across  each  bulb  will  be 
the  same  =  supply  voltage  V. 

Power  dissipated  in  A  is  P"  = 

Power  dissipated  in  B  is  PB  = 

Pa  = 

P'b  Ra 

Since  RB  <  R  {.  P"  <  PB.  Hence  bulb  B  will 
glow  more  brightly  than  bulb  A. 


EXAMPLE  23.4 


■  An  electric  cable  having  a  resistance  of  0.2  Q  deliv¬ 
ers  10  kW  of  power  at  200  V  to  a  factory.  Find  the 
efficiency  of  transmission. 


Yl 

Ra 

Yl. 

Rb 


SOLUTION 


R  =  0.2  Q,P  =  10  kW  =  1 0  x  1 03  W,  V=200  volt 

„  •  ,  ,  ,  .  ,  P  10X103  c  A 

Current  in  the  cable  is  I  =  —  =  -  =  50  A 

V  200 

Power  loss  in  the  cable  =  I2R  =  (50)2  x  0.2 
=  500  W  =  0.5  kW 


Total  power  supplied  by  source  =  10  kW  +  0.5  kW 
=  10.5  kW 

_  „  .  Power  delivered  to  factory 

Efficiency  = - 

Power  supplied  by  source 


10  kW 
10.5  kW 


=  0.95  or  95% 


EXAMPLE  23.5 


1 00  MW  of  power  from  a  power  station  is  transmitted 
to  a  distant  substation  through  a  cable  of  resistance 
10  Q  at  (a)  20,000  V  and  (b)  200  V.  Find  the  power 
loss  in  the  cable  in  each  case. 


SOLUTION 


P  =  100  MW  =  100  x  106W=  108W,f?  =  10  Q 
(a)  Vx  =  20,000  volt.  Current  in  the  cable  is 


(b) 


/,  =  —  = 


10s 


=  5000  A 


Vx  20,000 

Power  loss  in  cable  is  Px  =  I\R 

=  (5000)2  x  10  =  2.5  x  108  W 

V2  =  200  volt.  Current  in  the  cable  is 

_  P  _  108 
2_  V~2  ~  200 


=  5  x 


105  A 


Power  loss  in  cable  is  P2  =  I2R 
=  (5  x  105)2  x  10  =  2.5  x  1012  W 
Notice  that  Px  «  P2.  It  is  for  this  reason  that  elec¬ 
trical  power  from  a  generating  power  station  is 
transmitted  at  a  very  high  voltage  of  about  30,000  V 
to  a  distant  substation  and  not  at  a  low  voltage  of 200  V. 
At  low  voltage  the  power  loss  is  very  high. 


EXAMPLE  23.6 


I  A  battery  of  emf  E  and  internal  resistance  r  is  con¬ 
nected  to  an  external  resistance  R  as  shown  in  Fig. 
23.2,  show  that  the  power  drawn  from  the  battery  is 
maximum  when  R  =  r 


battery 


Fig.  23.2 


SOLUTION 


The  current  in  the  circuit  is 
/=  ^ 


(R+r) 

The  power  dissipated  in  R  is 


P  =  I  R  = 


dP 


R  +  r 


R  = 


E2R 


(i) 


P  is  maximum  if  —  =  0  and 
dR 


d2P 

dR2 


(R+r) 

<  0.  Differentiat¬ 


ing  (i)  with  respect  to  R  we  have 

!72 


dR 


(R+r) 


'  -  2R  x  (R  +  r)~3 


(R  +  rY 


[(R  +  r)  2R] 


dP 

—  =  0  if  (7?  +  r)  -  2f?  =  0 
dR 


=>  R=  r. 

It  is  easy  to  check  that 


d2P 

dR2 


<  0  when  R  =  r.  Hence 


the  power  drawn  form  the  battery  is  maximum  when 
the  external  resistance  is  equal  to  the  internal  resis¬ 
tance  of  the  battery. 
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;  VARIATION  OF  RESISTANCE  AND 
233  1  RESISTIVITY  WITH  TEMPERATURE _ 

The  resistance  of  a  conductor  (and  hence  its  resistivity) 
depends  upon  its  temperature.  For  metallic  conductors,  the 
resistance  increases  with  temperature.  For  small  changes 
in  temperature,  we  have 

^2  =  ^i[l  +  oc{t2  ~  h)l 

where  Rl  is  the  resistance  at  a  temperature  th  R2  is  the 
resistance  at  temperature  t2  and  a  is  the  temperature 
coefficient  of  resistance.  The  variation  of  resistivity  with 
temperature  is  given  by 

Pi  =  pj[l  +  a(t2  -  h)\ 

For  metallic  conductors,  the  temperature  coefficient  of 
resistance  is  positive.  Some  materials,  such  as  carbon  and 
semi-conductors  have  a  negative  temperature  coefficient 
of  resistance.  The  resistance  of  such  materials  decreases 
with  increase  in  temperature. 


SOLUTION 


R2  R\  [Id-  a(t2  —  tj)] 

_  R2-R i  _  117-100 

1  aR{  (1.7  x  10~4)  x  100 


1000°C 


t2  =  1000  +  tx  =  1000  +  27  =  1027°C 


EXAMPLE  23.8 


The  resistance  of  a  wire  is  3.00  £2  at  0°C  and  3.75  £2 
at  100°C.  Its  resistance  is  measured  to  be  3. 15  £2  at 
room  temperature.  Find  the  room  temperature. 


SOLUTION 


R2  -  R,  3.75-3.00 

(X  =  — - - - —  =  - 

R{  (t2  -  h )  3.00(100-0) 

R  —  R 

Rt  =  R0(  1  +  at)  =>  — - -  =  at 

Ro 


=  0.0025  K_1 


EXAMPLE  23.7 


I  The  resistance  of  a  heating  element  is  100  £2  at  27°C. 
What  is  the  temperature  of  the  element  if  its  resis¬ 
tance  is  117  £2.  Temperature  coefficient  of  resistance 
=  1.7  x  lO^KT1. 


R,-R 

t=  — - 

aR0 


o 


3.15-3.00 

0.0025x3.00 


=  20°C 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  When  a  cell  is  connected  to  a  resistance  Ru  the  rate 
at  which  heat  is  generated  in  it  is  the  same  as  when 
the  cell  is  connected  to  a  resistance  R2(<R i).  The 
internal  resistance  of  the  cell  is 

(a)  (/?,  -  R2)  (b)  |  (/?,  -  R2) 

(c)  <d)  ^ 

2.  In  the  circuit  shown  in  Fig.  23.3  (a),  the  resistor 
which  dissipates  the  maximum  power  has  a  resis¬ 
tance 

(a)  1  £2  (b)  2  £2 

(c)  3  £2  (d)  4  £2 

3.  In  the  circuit  shown  in  Fig.  23.3  (b)  the  ratio  of  the 
power  dissipated  in  1  £2  resistor  to  that  dissipated 
in  2  £2  resistor  is 

(a)  i  0»  \ 


(d) 


8 

9 


1£2  2Q 


(b) 

Fig.  23.3 
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4.  Ametre  bridge  wire  is  connected  across  a  d.c.  source 
of  voltage  V.  When  the  steady  state  is  reached,  the 
temperature  of  wire  is  T  and  the  rate  of  loss  of  heat 
from  the  wire  is  P  =  k(T-  T0)  where  A:  is  a  constant 
and  Tq  is  the  temperature  of  the  room.  If  R  is  the 
resistance  of  the  bridge  wire  at  temperature  T,  a  its 
coefficient  of  linear  expansion  and  Y  its  Young’s 
modulus,  the  stress  developed  in  the  wire  is  given 


by 

(a) 

akY 

(b) 

kV2Y 

RV2 

aR 

(c) 

aV2Y 

(d) 

kYR 

kR 

aV2 

5.  A  galvanometer  of  resistance  G  is  converted  into  an 
ammeter  by  using  a  shunt  of  resistance  S.  When  a 
current  is  passed  through  the  ammeter  for  a  certain 
time,  the  rate  of  heat  dissipated  through  Gand 
through  S  is  2/3.  Then 

(a)  S  =  -  G  (b )  S  =  1  G 

3  4 

(c)  S  ~  -  G  (d)  S  =  -  G 

2  3 


6.  A  1 2  V,  24  W  filament  bulb  is  supplied  current  from 
n  cells  connected  in  series.  Each  cell  has  an  emf  1.5 
V  and  internal  resistance  0.25  £2.  What  is  the  value 
of  n  so  that  the  bulb  runs  at  its  rated  power? 

(a)  6  (b)  8 

(c)  12  (d)  16 

7.  An  electric  bulb  has  a  rating  500  W,  1 00  V.  It  is  used 
in  a  circuit  having  at  200  V  supply.  What  resistance 
must  be  connected  in  series  with  the  bulb  so  that  it 
delivers  500  W? 

(a)  10  £2  (b)  20  a 

(c)  30  £2  (d)  40  £2 

<  IIT,  1995 

8.  An  electric  motor  working  on  a  100  V  dc  supply 
draws  a  current  of  15  A.  If  the  efficiency  of  the 
motor  is  40%,  the  resistance  of  the  windings  of  the 
motor  is 

(a)  4  £2  (b)  8  £2 

(c)  16  £2  (d)  32  £2 

9.  In  Q.8,  the  value  of  the  back  emf  is 

(a)  20  V  (b)  40  V 

(c)  60  V  (d)  80  V 

10.  If  electric  power  from  100  MW  power  station  is 
transmitted  to  a  substation  at  20,000  V,  the  power 
loss  during  transmission  is  Pl.  If  the  same  power 
is  transmitted  at  200  V,  the  power  loss  is  P2 .  The 
ratio  P2IP\  will  be 


(a)  104  (b)  103 

(c)  102  (d)  10 

11.  The  current  through  a  bulb  is  increased  by  1%. 
Assuming  that  the  resistance  of  the  filament 
remains  unchanged,  the  power  of  the  bulb  (i.e.  its 
wattage)  will 

(a)  increase  by  1%  (b)  decrease  by  1% 

(c)  increase  by  2%  (d)  decrease  by  2% 

12.  The  voltage  across  a  bulb  is  decreased  by  2%. 
Assuming  that  the  resistance  of  the  filament 
remains  unchanged,  the  power  of  the  bulb  will 

(a)  decrease  by  2%  (b)  increase  by  2% 

(c)  decrease  by  4%  (d)  increase  by  4% 

13.  The  current  at  which  a  fuse  wire  melts  does  not 
depend  on 

(a)  cross-sectional  area  (b)  length 

(c)  resistivity  (d)  density 

14.  A  fuse  wire  should  have 

(a)  high  resistivity  and  high  melting  point 

(b)  low  resistivity  and  high  melting  point 

(c)  high  resistivity  and  low  melting  point 

(d)  low  resistivity  and  low  melting  point. 

15.  Three  equal  resistors,  connected  in  series  with  a 
battery,  dissipate  P  watts  of  power.  What  will  be  the 
power  dissipated  if  the  same  resistances  are  con¬ 
nected  in  parallel  across  the  same  battery? 

(a)  P  (b)  3  P 

(c)  9  P  (d)  27  P 

16.  Two  electrical  devices  of  power  rating  1  kW  and 
2  kW  are  connected  (a)  in  series  and  (b)  in  parallel. 
The  ratio  of  the  power  ratings  of  the  combination 
in  case  (a)  to  that  in  case  (b)  is 

(a)  1  :  4  (b)  1  :  3 

(c)  1  :  2  (d)  1  :  1 


1 7.  Two  500  W  heaters  when  connected  in  series  across 
a  source  of  constant  voltage  V  supply  Qjoules 
of  heat  in  a  certain  time  t.  When  the  heaters  are 
connected  in  parallel  across  the  same  source,  the 
amount  of  heat  energy  supplied  in  the  same  time  t 
will  be 


(S)  4 
(c)  2  Q 


(b)  - 
2 

(d)  4  Q 


18.  A  battery  of  emf  E  and  internal  resistance  r  is 
connected  to  a  resistor  of  resistance  rx  and  Gjoules 
of  heat  is  produced  in  a  certain  time  t.  When  the 
same  battery  is  connected  to  another  resistor  of 
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resistance  r2,  the  same  quantity  of  heat  is  produced 
in  the  same  time  t,  the  value  of  r  is 

2 


(a) 


(b)  rJL 


(c)  -  (r,  +  r2) 


(d) 


lri  r2 


19.  A  heater  boils  a  certain  quantity  of  water  in  time  tv 
Another  heater  boils  the  same  quantity  of  water  in  time 
t2.  If  both  heaters  are  connected  in  series,  the  combina¬ 
tion  will  boil  the  same  quantity  of  water  in  time 


(a) 

^  (h  +  h) 

(b)  (?,  +  h) 

(c) 

h  h 

(d)  yjtx  t2 

{h  +  h) 

20.  A  heater  boils  a  certain  quantity  of  water  in  time  tx . 
Another  heater  boils  the  same  quantity  of  water  in 
time  t2  If  both  heaters  are  connected  in  parallel,  the 
combination  will  boil  the  same  quantity  of  water  in 
time. 


(a) 

^  ( h  +  h) 

(b)  (/i  +  h) 

(c) 

h  h 

(d)  yjtx  12 

ih  +h ) 

21.  The  temperature  coefficient  of  resistance  of  a  wire 
is  0.00125  per  °C.  At  300  K  its  resistance  is  1  Q. 
The  resistance  of  the  wire  will  be  2  12  at 

(a)  1154  K  (b)  1100  K 

(c)  HOOK  (d)  1127  K 

22.  If  a  wire  of  resistance  20  12  is  covered  with  ice  and 
a  voltage  of  210  V  is  applied  across  the  wire,  then 
the  rate  of  melting  of  ice  will  be 

(a)  0.85  g/s  (b)  1.92  g/s 

(c)  6.56  g/s  (d)  none  of  these 

23.  A  heating  coil  is  labelled  100  W,  200  V.  The  coil  is 
cut  in  half  and  the  two  pieces  are  joined  in  parallel 
to  the  same  source.  The  energy  now  liberated  per 
second  is 

(a)  200  Js^1  (b)  400  Js^1 

(c)  25  Js^1  (d)  50  Js~! 


24.  Two  identical  batteries,  each  of  emf  2V  and  inter¬ 


nal  resistance  1  12 
are  used  to  produce 
heat  in  a  resistance 
R  =  0.5  12  by  using 
the  circuit  shown  in 
Fig.  23.4.  The  max¬ 
imum  power  that 
can  be  developed 
across  R  is 


1  £2 

www 

1  £2 

-AAAAA- 


-AV\AA 

R  =  0.5  n 

Fig.  23.4 


(a)  1.28  W  (b)  2.0  W 

(c)  ^  W  (d)  3.2  W 

25.  If  a  cell  of  a  constant  emf  produces  the  same  amount 
of  heat  during  the  same  time  in  two  independent 
resistances  R  j  and  R2  when  connected  separately, 
one  after  the  other,  across  the  cell,  then  the  internal 
resistance  of  the  cell  is 

(a)  |  (/?,  +  R2)  (b)  |  (Rx  ~  R2 ) 

(c)  |  (RXR2)V2  (d)  (RxR2)V2 

26.  A  constant  voltage  is  applied  between  the  two  ends 
of  a  uniform  metallic  wire.  Some  heat  is  developed 
in  it.  The  heat  developed  is  doubled  if 

(a)  both  the  length  and  radius  of  the  wire  are 
halved 

(b)  both  the  length  and  radius  of  the  wire  are 
doubled 

(c)  the  radius  of  the  wire  is  doubled 

(d)  the  length  of  the  wire  is  doubled 

<  IIT,  1980 

27.  In  the  circuit  shown  in  Fig.  23.5,  the  heat  produced 
in  the  5  12  resistor  due  to  a  current  flowing  in  it  is 
10  calories  per  second.  The  heat  produced  in  the 
4  12  resistor  is 

(a)  1  cal  s_1  (b)  2  cal  s_1 

(c)  3  cal  s_1  (d)  4  cal  s~' 

Hut,  1985 

4  £2  6  £2 

I - WW - WW - 1 


I - WW - 1 

5  £2 

Fig.  23.5 

28.  A  battery  of  internal  resistance  4  12  is  connected  to 
the  network  of  resistances  as  shown  in  Fig.  23.6.  In 
order  that  maximum  power  can  be  delivered  to  the 
network,  the  value  of  R  in  ohm  should  be 


R  R 


Heating  Effect  of  Current  23.7 


(a)  £  (b)  2 

(c)  *  (d)  18 

<  IIT,  1995 

29.  The  filament  of  an  electric  heater  should  have 

(a)  high  resistivity  and  high  melting  point 

(b)  low  resistivity  and  high  melting  point 

(c)  high  resistivity  and  low  melting  point 

(d)  low  resistivity  and  low  melting  point. 

30.  Aheater  is  designed  to  operate  with  a  power  of  1 000 
W  in  a  100  V  line.  It  is  connected,  in  combination 
with  a  resistance  of  1 0  £2  and  a  resistance  R  to  a  1 00 
V  line  as  shown  in  Fig.  23.7.  What  should  be  the 
value  of  R  so  that  the  heater  operates  with  a  power 
of  62.5  W? 

(a)  10  Q  (b)  62.5  Q 

(c)  -  Q  (d)  5  0 

<  IIT,  1978 


Fig.  23.7 

31.  A  piece  of  copper  and  another  of  germanium 
are  cooled  from  room  temperature  to  40  K.  The 
resistance  of 

(a)  each  of  them  decreases 

(b)  each  of  them  increases 


(c) 

copper  increases 
decreases 

and 

of 

germanium 

(d) 

copper  decreases 

and 

of 

germanium 

increases 

|  IIT,  1990 

32.  A  wire  of  length  L  and  3  identical  cells  of  negligible 
internal  resistances  are  connected  in  series.  Due  to 
the  current,  the  temperature  of  the  wire  is  raised  by 
AT  in  a  time  t.  A  number  N  of  similar  cells  is  now 
connected  in  series  with  a  wire  of  the  same  material 
and  cross  section  but  the  length  2 L.  The  tempera¬ 
ture  of  the  wire  is  raised  by  the  same  amount  AT  in 
the  same  time  t.  The  value  of  N  is 
(a)  4  (b)  6 

(c)  8  (d)  9 

<  IIT,  2001 


33.  A  100  W  bulb  Bh  and  two  60  W  bulbs  B2  and 
B3,  are  connected  to  a  250  V  source,  as  shown  in 
Fig.  23.8.  Now  W,,  W2  and  IF,  are  the  output  powers 
of  the  bulbs  Bx,  B2  and  /?  ,,  respectively.  Then 
(a)  Wx>  W2  =  W3  (b)  Wx>  W2>  W3 

(c)  W ,  <  W2  =  W3  (d)  WX<W2<  W3 

<  IIT,  2002 


B, 

b2 

1 

s3 

JS) 

250  V 

-  1 - 

Fig.  23.8 

34.  Three  resistances  of  equal  value  are  connected  in  four 
different  combinations  as  shown  in  Fig.  23.9.  Ar¬ 
range  them  in  increasing  order  of  power  dissipa¬ 
tion. 


/ 


(IV) 

Fig.  23.9 


(a)  III  <  II  <  IV  <  I  (b)  II  <  III  <  IV  <  I 

(c)  I  <  IV  <  III  <  II  (d)  I  <  III  <  II  <  IV 

|  IIT,  2003 
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35.  A  220  V- 1 00  W  bulb  is  connected  to  a  1 1 0  V  source. 
The  power  consumed  by  the  bulb  will  be 

(a)  200  W  (b)  100  W 

(c)  25  W  (d)  zero 

36.  The  maximum  power  rating  of  a  20  £2  resistor  is 
1 .0  kW.  The  resistor  will  melt  if  it  is  connected  across 
a  d.c.  source  of  voltage. 

(a)  160  V  (b)  140  V 

(c)  120  V  (d)  100  V 

37.  The  walls  of  a  closed  cubical  box  of  edge  50  cm  are 
made  of  a  material  of  thickness  1  mm  and  thermal 
conductivity  1.68  X  10_1  W  rn  K  1 .  The  interior  of 
the  box  is  maintained  at  100°C  above  the  outside 
temperature  by  a  heater  placed  inside  the  box  and 
connected  to  a  420  V  d.c.  source.  What  must  be  the 
resistance  of  the  heater  element? 

(a)  5  £2  (b)  6  £2 

(c)  7  £2  (d)  80 

38.  A  constant  voltage  is  applied  across  a  uniform  wire, 
which  produces  some  heat  in  the  wire.  If  a  second 
wire  of  the  same  material  but  of  length  twice  that 
of  the  first  wire  is  used,  the  heat  produced  in  the 
second  wire  will  the  same  as  in  the  first  wire  if  the 
area  of  cross-section  of  the  second  wire  is 

(a)  increased  by  a  factor  of  four 

(b)  decreased  by  a  factor  of  four 

(c)  increased  by  a  factor  of  two 

(d)  decreased  by  a  factor  of  two 

39.  Two  heater  coils  A  and  B  made  of  the  same  material 
are  connected  in  parallel  across  the  mains.  The  length 
and  diameter  of  A  are  twice  those  of  B.  In  a  given 
time,  the  ratio  of  heat  produced  in  A  to  that  produced 


ini?  is 

(a)  i 

w  i 

4 

2 

(c)  2 

(d)  4 

40.  Two  bulbs  A  and  B  of  ratings  40  W  -  200  V  and 
1 00  W  -  200  V  respectively  are  connected  in  series 
to  a  400V  d.c.  supply.  Then 

(a)  both  bulbs  will  fuse. 

(b)  bulb  A  will  fuse  but  bulb  B  will  not 

(c)  bulb  B  will  fuse  but  bulb  A  will  not 

(d)  both  bulbs  will  not  fuse. 

41.  If  the  two  bulbs  of  Q.40  above  are  connected  in 
parallel  to  a  400  V  d.c.  supply,  then 

(a)  both  bulbs  will  fuse 

(b)  no  bulb  will  fuse 


(c)  bulb  A  will  fuse  but  bulb  B  will  not 

(d)  bulb  B  will  fuse  but  bulb  A  will  not 

42.  Two  electric  bulbs,  each  designed  to  operate  with  a 
power  of 500  W  in  a  200  V  supply  line,  are  connected 
in  series  to  a  100  V  supply  line.  The  power  generated 
in  each  bulb  is 

(a)  31.0  W  (b)  31.25  W 

(c)  31.5  W  (d)  31.75  W 

43.  Two  wires  AB  and  BC,  each  of  length  LI 2  are  made 
of  the  same  material.  The  radius  of  wire  AB  is  2 r 
and  of  wire  BC  is  r.  The  current  /  flows  through  the 
composite  wire  (see  Fig.  23.10).  Choose  the  correct 
statement  from  the  following. 

(a)  Potential  difference  across  BC  is  twice  that 
across  AB. 

(b)  Power  dissipated  in  BC  is  four  times  the 
power  dissipated  in  AB. 

(c)  Current  densities  in  AB  and  BC  are  equal. 

(d)  Electric  fields  in  AB  and  BC  are  equal. 

<  IIT,  2006 

/t  - -  /  B  C 

I  ~1 

- - LI  2 - — - LI  2 - - 


Fig.  23.10 


44.  In  the  circuit  shown  in  Fig.  23.11,  the  resistors  of 
2  £2  and  3  £2  together  dissipte  30  W  of  power.  The 
current  through  the  4  £2  resistor  is 
(a)  0.5  A  (b)  1.0  A 

(c)  1.5  A  (d)  2.0  A 

20 


Fig.  23.11 

45.  In  the  circuit  shown  in  Fig.  23. 12,  the  current  in  the 
1  £2  resistor  is  2  A.  The  power  developed  in  the  3  £2 
resistor  is 

(a)  3  W  (b)  9  W 

(c)  27  W  (d)  81  W 

in 


20 


30 


Fig.  23.12 
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46.  Figure  23.13  shows  three  resistor  configurations 
Rh  R2  and  R2  connected  to  3  V  battery.  If  the  power 
dissipated  by  the  configuration  R\,R2  and  R2  is  Pu 
P2  and  P2,  respectively,  then 


(a)  Pl  >  P2>  P2 
(c)  P2>  P\>  P2 


(b)  P2  >  P2  >  Px 
(d)  Px  =  P2  =  Pj 

<  IIT,  2008 
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SOLUTIONS 


1.  If  E  is  the  emf  and  r  the  internal  resistance  of  the 
cell,  the  current  through  R{  is 

/  =-  * 


(i?i  +  r) 

The  rate  at  which  heat  is  generated  in  Rx  is 

E 


ft  =i*R  i  = 


“|2 


(*t+r)J 

2 

Ro 


R  i 


Similarly,  Qo  =  .  . 

'(i?2+r)_ 

Equating  Qx  and  Q2  and  simplifying,  we  get 
r  =  ^  R2  . 

2.  Refer  to  Fig.  23. 14  (a).  The  parallel  combination  of 

4 

1  Q.  and  4  Q  has  a  resistance  —  £2  and  the  parallel 

5  6 

combination  of  2  £2  and  3  £2  has  a  resistance  —  £2. 

5 


r^-VVW - 

1^ 

20 

,  „ 

/ 

1 

40 

30 

•pWW1 — 

(b) 


Fig.  23.14 


4  6 

Total  resistance  =  —  +  —  =  2  £2.  The  current  in  the 

•  ■  55 

circuit  is 

i=r 

2 

4  V  4  2V 

Potential  drop  across  —  £2  =  —  x  —  =  —  .  Hence 

5  2  5  5 

2V 

p.d.  across  1  £2  is  V1  =  and  p.d.  across  4  £2  is 
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2V  3V 

V4  =  —  .  Similarly  p.d.  across  2  Q.  is  V2  =  —  and 

3V 

p.d.  across  3  Q  is  V-,  =  —  . 

5 

The  powers  dissipated  are 


p.-s 


R 


V , 


4V2 

~25~ 

9V2 


P  =  z  = 

2  R o  25  x  2 


R 


Va 


9VZ 

25x3 


4V 

P  =  —  = 

4  Ra  25  x  4 


4.5  V2 
25 

3V2 

25 


F 


v4  ^  ‘t  25 

Power  P2  is  the  maximum.  Hence  the  correct  choice 
is  (b). 

3.  Refer  to  Fig.  23.14  (b).  The  currents  is  various 
branches  are 

/=4/  I=L 

h  5  ’  h  5 
/  =  /  =  2/ 

2  5  ’  3  5 


P,  =  IP  Ry  = 


Pa  =  Ip  Rn  = 


Pa  =  IP  Ra  = 


16 12 

16 12 

- xl  = 

25 

25 

1 

1 

X 

K> 

II 

18 12 

25 

25 

4/2 

- x3  = 

m2 

25 

25 

2  I  4 12 

Pa  =  Ia2Ra=  —  x  4  =  - 

4  4  4  25  25 


~jP  =  - ,  which  is  choice  (d). 

*2  9 

4.  In  the  steady  state,  rate  at  which  heat  is  generated 
in  the  wire  =  rate  at  which  heat  is  lost  to  the 
surroundings.  Hence 

V2 

—  =k(T-T0)  =  kAT 


A L  =  aLAT  =>  AT  = 


A  L 
aL 


V 2  _  k AL  _  ke 
R  ocL  a 


where 


e  = 


AL 


is  the  strain.  Now 


Y  =  —  ,  where  S  =  stress 

e 

S 

£  =  — 

Y 


(2) 


Using  (2)  in  (1)  we  get 


aVY 

S  =  - ,  which  is  choice  (c). 

kR 


5.  Since  resistances  G  and  S  are  connected  in  parallel, 
the  potential  difference  across  G  =  potential 
difference  across  S  =  V  (say).  Heat  dissipated  in 
time  t  is 


V2t 

H  =  - .  Hence  H 

R 


]_ 

R 


hg  _  S_ 

Hs  ~  G 

3  G  3 


G 


6.  W  =  V  x  I.  Therefore,  current  I  =  W/V  =  24/12 
=  2  A.  Hence  the  terminal  voltage  of  each  cell 
=  1.5  -  0.25  x  2  =  1.0  V.  The  resistance  of  the  bulb 
is  R  =  12/2  =  6  Q.  If  n  cells  are  used,  then 


n  x  1.0 
6 


«  2  =>  n  =  12 


7.  The  current  flowing  through  the  bulb  when  operated 
at  100  V  is 

500 

Too 


/  = 


=  5  A 


100 


Resistance  of  bulb  is  R  =  -  =  20  Q 

5 


To  deliver  500  W  at  200  V,  the  current  must  remain 
5  A.  Hence  resistance  R  to  be  connected  in  series 
with  the  bulb  is  given  by 


200 
R  +  20 


=  5  =>  R  =  20  Q 


8.  A  motor  is  not  a  passive  resistor;  it  develops  a 
back  emf  which  is  caused  by  an  increase  in  current 
when  the  motor  is  suddenly  started.  The  total 
power  supplied  to  the  motor  is  partly  converted 
into  mechanical  energy  and  partly  lost  as  heat  in  the 
windings  of  the  motor.  The  total  power  supplied 
to  the  motor  isF/=100xl5  =  1500  W.  Since  the 
efficiency  of  the  motor  is  40%,  it  means  that  60% 
of  the  total  power  is  lost  as  heat.  Thus  the  power 
lost  as  heat  is  60%  of  1500  W  =  900  W.  If  R  is  the 
resistance  of  the  windings,  then  I2R  =  900 
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or 


R  = 


900 


=  4.0  n 


15x15 

9.  Now  potential  drop  across  winding  is  V'  =  IR  = 
15  x  4.0  =  60  V.  Therefore  back  emf  is  V—  V'  = 
100-60  =  40  V. 

10.  P  =  100  MW=  100  x  106  W.  Let  R  be  the  resistance 
of  the  cable.  At  20,000  V,  the  current  in  the  cable 
is 


h  = 


100x10° 


=  5000  A 


20,000 
Power  dissipated  is 
Px  =  l\R  =  (5000 )2R  =  2.5  x  107  R 

At  200  V,  the  current  in  the  cable  is 


h 


100x10° 


200 


=  5  x  105  A 


Power  dissipated  is 


P 2  =  1 2R  =  2.5  x  10 11  R 


'2  _ 


2.5x10 


n 


=  10 


Px  2.5x10' 

Hence  the  correct  choice  is  (a). 

11.  Power  P  =  I2R.  Therefore,  A P  =  21  AIR.  Hence 
A P  _  2AI 
P  / 

Now  =  +  1%.  Therefore  =  +  2%.  Hence 
/  P 


the  correct  choice  is  (c). 

V2 


2VAV 


12.  Power  P  =  —  .  Therefore  A P  = 

R  R 


.  Hence 


A  P 
P 


2AV 

V 


AV  A  P 

Now  -  =  -  2%.  Therefore  -  =  —  2x2  = 

V  P 

-  4%,  i.e.  the  power  decreases  by  4%.  Hence  the 
correct  choice  is  (c). 

13.  The  correct  choice  is  (b). 

14.  The  correct  choice  is  (c). 

15.  Let  R  be  the  value  of  each  resistance  and  V,  the 
voltage  of  the  battery.  When  the  three  resistances 
are  connected  in  series,  the  power  dissipated  is 

p,L. 

3  R 

When  they  are  connected  in  parallel,  the  power 
dissipated  is 


P'  = 


3  V2 


R 


P'  =  9  P.  Hence  the  correct  choice  is  (c). 

16.  The  power  ratings  are  always  added  irrespective  of 
whether  the  resistance  are  connected  in  series  or  in 
parallel.  Hence  the  correct  choice  is  (d). 

17.  Let  R  be  the  resistance  of  each  heater.  When  they  are 
connected  in  series,  the  resistance  of  the  combination 
is  2  R.  Therefore,  heat  supplied  in  time  t  is 


0  = 


v2t 

~2R 


When  they  are  connected  in  parallel,  the  resistance 
of  the  combination  is  R '  =  R/2.  Therefore,  heat  sup¬ 
plied  in  time  t  is 

_  V2t  2  V2t 
R'  R 

Thus  Q'  =  4 Q.  Hence  the  correct  choice  is  (d). 

18.  In  the  first  case,  the  current  in  the  circuit  is 

E 

h  = 


>\  +  r 

01=/V  = 

In  the  second  case, 

E 


r,  +  r 


V'i 


02  = 


r9  +  r 


V  '2 


X  r2t 


x  rxt  (i) 


(ii) 


Equating  (i)  and  (ii)  we  get 


Oi  +  rf  (r2  +  r ) 

or  rx  (r2  +  r)2  =  r2  (r,  +  rf 

or  rx  (r2-,  +  2 rr2  +  r2)  =  r2  (r\  +  2rrj  +  r2) 


or 


or 


r  O'l  -  rf)  =  rx  r2  (rx  -  rf) 


r  =  frxr2 


Hence  the  correct  choice  is  (d). 

19.  Let  Rx  and  R2  be  the  resistances  of  the  heaters. 
When  they  are  connected  in  series,  the  resistance 
of  the  combination  is  (Rx  +  R2).  If  V  is  the  voltage 
of  the  supply,  then,  if  Q  is  the  heat  energy  needed 
to  boil  water. 


0  = 


t  = 


V2t 


(rx+r2) 


v\_ 

~Rf~ 


Q(Rx+R2)  _  QRX 


V 

=  h  +  h 

Hence  the  correct  choice  is  (b). 


VA 


V2h 

R2 

_  QRi_ 
v2 
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20.  When  the  two  heaters  are  connected  in  parallel,  the 
resistance  of  the  combination  is  given  by 


1 

R 


Now 


Also 


or 


1 

V2 


QR\ 


l 

R~i 
and  —  = 


V 


QR  2 


v_ 

~Q 


2  '  l 

—  + 


_n 

R2  j 


t  = 


t\  h 


(h  +  h) 

Hence  the  correct  choice  is  (c). 

21.  R\  =  Rq  (1  d-  atx)  and  R2  =  R0(  1  +  oct2 )  where  tx  and 
t2  are  in  °C.  Thus 


R 


2  _ 


1  +  at-, 


Rl  1  +  a  tx 

Here  R2/Ri  =  2,  tx  =  300  -  273  =  27°C  and 
a  =  0.00125  per  °C.  Using  these  values,  we  get 
t2  =  854°C  =  854  +  273  =  1127  K.  Hence  the 
correct  choice  is  (d). 

22.  The  rate  at  which  heat  is  produced  in  the  wire  is 
Q  =  V2  _  210x210 
R  ~ 


=  2205  Js 


-i 


t  R  20 
The  latent  heat  of  ice  =  80  cal/g  =  80  X  4.2  J/g. 
Hence  the  rate  of  melting  of  ice  will  be 

-  =  6.56  g/s,  which  is  choice  (c). 

80x4.2  J/g 

23.  Let  R  be  the  resistance  of  the  complete  coil.  When 
it  is  cut  into  two  equal  pieces,  the  resistance  of 
each  piece  becomes  Rl 2.  If  two  pieces  are  joined  in 
parallel,  their  combined  resistance  will  be 

r'=*JL 

4 

.'.  Rate  at  which  energy  is  liberated  will  be 
4V 


R' 


R 


=  4  times  the  wattage  of  the 
complete  coil 


24. 


=  4  x  100  =  400  Js  ^ 

Hence  the  correct  choice  is  (b). 

Applying  Kirchhoff’s  loop  rule  to  the  loop  con¬ 
sisting  of  the  two  batteries,  we  find  the  current  in 
the  loop  is  1  A.  Since  the  two  parallel  arms  of  the 
loop  have  identical  batteries  and  identical  resis¬ 
tances,  the  current  through  the  R  =  0.05  £2  resistor  is 
1  =  2  A.  Hence  power  developed  is 

P=  I2R  =  (2)2  x  0.5  =  2  W 


25.  It  is  given  that 

l\  Rxt  =  l\  R2t 
r 

But  Ix  = 


Rx  +  r 


and  I2  = _ 


R2  +  r 


Therefore, 


(Ri  +  rf  XRl  (R2+  >’f 

or  (R |  +  r)2  x  fli  =  (R2  +  r )2  x  Rx 

which  gives  r  =  JRX  x  R2  .  Hence  the  correct  choice 


x  Ri 


is  (d) 

26.  H  = 


— ,  but  R  =  =  -^4  ■  Hence 

R  A  nr 2 


H  = 


V2  t nr2 


pl 


H  is  doubled  if  r  and  /  are  both  doubled.  Hence  the 
correct  choice  is  (b). 

27.  Let  /  be  the  current  in  the  5  12  resistor.  Then  the 
current  in  the  4  Q.  resistor  and  6  Q  resistor  will  be 
7/2.  Therefore,  the  rates  of  production  of  heat  in  the 
5  £2  and  4  £2  resistors  respectively  are 

Px  =  I2  x  5  and  P2  =  j  x  4  =  T 2 

^  =  I  or  P2  =  =  2  cal  s  1 

P\  5  5  5 

28.  The  given  network  of  resistances  is  a  balanced 
Wheatstone’s  bridge.  Therefore,  no  current  flows 
through  the  6  £2  resistor  and  it  can  be  omitted.  The 
equivalent  resistance  of  the  network  is  that  of  a 
parallel  combination  ofRj  =  R  +  R  +  R  =  3R  and 
R2  =  R  +  R  +  4R  =  6R  which  is 

R,R2  3Rx6R 

Rx  +  R2  3  R  +  6  R 

The  power  delivered  will  be  maximum  if  the 
resistance  of  the  emf  source  =  external  resistance, 
i.e.  if 

4  £2  =  R'  =  2R 

or  R  =  2  £2,  which  is  choice  (b). 

29.  The  correct  choice  is  (a). 

2 

30.  Resistance  of  heater  (i?H)  =  - _ =  100  x  100  = 

10  £2.  Current  in  the  circuit  is  R  1000 


/  = 


100 


10  + 


107? 


(10  +  7?) 


.’.  Current  in  heater  is  /H  =  I  x 


R 


(10  +  R) 
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100 


10  + 


10/? 

(10  +  i?) 


R 

(10  +  R) 


10  R 


1  + 


R 


(10  +  /?) 


(10  +  /?) 


5  R 

(5  +  /?) 


0=4x  10 


or 


25  R2 
(5  +  R)2 


x  10  =62.5  (given) 


which  gives  R  =  5  O,  Hence  the  correct  choice 
is  (d). 


31.  The  correct  choice  is  (d). 

2 

32.  The  heat  energy  generated  in  time  t  is  Q  =  V  t/R, 
where  V  is  the  terminal  voltage  of  a  single  cell. 
Here  Q  =  ms  AT  where  m  is  the  mass  of  the  wire,  s 
its  specific  heat  and  R  its  resistance. 

In  the  first  case:  ms  AT  =  1  L  (1) 

R 

Now  m  °c  length  and  R  length.  Hence,  in  the 
second  case, 

(2m)  sAT  =  ( NV\  1  (2) 

(2/?) 

Dividing  (2)  by  (1),  we  have 

2  =  N'12  or  N2  =  36  or  N  =  6, 

9 

which  is  choice  (b). 


33.  The  resistances  of  bulbs  Bx,  B2  and  B3  respectively 
are 


V2  _  (250)2 


/?,  - 

Wx  100 


=  625  £2 


R2  = 


-  <250)'  -  1042  n  -  A 


60 


Voltage  across  B3  is  V3  =  250  V 


Voltage  across/Jj  is  Vx  = 


VR, 


(/?!  +/?2) 

250  x  625 


=  93.7  V 


(625  +  1042) 

Voltage  across  B2  is  V2  =  250  -  93.7  =  156.3  V 


Power  output  Wx  =  —  = 

/?. 


_  V2  _  (93.7)2 


625 


=  14  W 


W2  = 


(156.3)2 

1042 


23  W 


W3  = 


(250 f 
1042 


60  W 


Hence  Wx  <  W2  <  W3,  which  is  choice  (d). 

34.  Let  R  be  the  value  of  each  resistance.  The  resis¬ 
tances  of  combinations  I,  II,  III  and  IV  are  3/?, 
R/3,  2/?/3  and  3R/2  respectively.  Now,  power  dis¬ 
sipation  is  inversely  proportional  to  resistance. 
Hence  the  correct  choice  is  (b). 


35.  Given  V=220V,P=  100  W,  Now/3  =  VI and  the  re- 

V  V 

sistance  of  the  bulb  R  =  —  .  But  /  =  —  .  Therefore 


=  (220) 

p  100 


=  484  Q. 


When  the  bulb  is  connected  to  V'  =  110  V  supply, 
the  power  consumed  by  the  bulb  will  be 


P'  = 


(V')2  _  (110)2 


R 


484 


=  25  W. 


36.  The  power  rating  of  a  resistor  is  the  maximum  power 
the  resistor  can  dissipate  as  heat  without  melting. 
Now  R  =  20  Q  and  Pmax  =  1 .0  kW  =  1000  W.  Since 
P  =  L2//?,  we  have  V2  =  RP  or  V =  JJp 

Vmax  =  s/P  x  Pmax  =  y/20  x  1000 

=  100  V2  =  141  V 

Thus  the  resistor  will  melt  if  V  exceeds  141V.  Hence 
the  correct  choice  is  (a). 

37.  The  heat  transmitted  per  second  through  the  walls  of 
the  closed  box  is  given  by 

Q  =  KA(d2-9x) 

t  d 

where  A  is  the  total  surface  area  of  the  box. 

Since  a  cube  has  6  faces,  the  total  surface  area  is 

A  =  6  x  surface  area  of  one  face 
=  6  x  (0.5  m  x  0.5  m)  =  1.5  m2 
Q  =  1.68  x  IQ"1  x  1.5  x  (100) 

7  lxio-3 

=  2.52  x  104  J  s_1 

In  order  to  maintain  the  temperature  difference 
between  the  inside  and  the  outside,  the  heat  lost  must 
be  compensated  by  the  production  of  heat  through 
electric  current  in  the  coil.  The  heat  produced  per 
second  is  given  by 


23.14  Comprehensive  Physics — JEE  Advanced 


or 


VL 

H=  —  =  2.52  x  104 
R 

420  x  420 

R  =  - r  =  7  £2,  which  is  choice  (c). 


2.52  x  10 


38.  Heat  produced  =  —  = 


V2A 

pi 


,  where  p  is  the 


specific  resistance  (or  resistivity)  of  the  wire,  which 
is  the  same  for  both  wires.  Therefore,  the  heat  pro¬ 
duced  will  be  same  in  the  second  wire  of  length  2  /, 
if  its  area  of  cross-section  A  is  doubled.  Hence  the 
correct  choice  is  (c). 


pL 

39.  Ra  = 

nr 


R 


and  Rb = 


pm 

n(2r)2 


—  =2  or  R4=2R» 

Rb 

Now  Q  °c  J_ .  Hence  the  correct  choice  is  (b). 
R 

40.  The  resistances  of  bulbs  A  and  B  are 


_  _  V2  (200)2 
Ra - — 

Pa 


40 


and 


Rb=~  = 
B  P 

rB 


(200)" 

100 


=  1000  £2 


=  400  £2 


The  current  ratings  (i.e.  maximum  current  they  can 
withstand)  are 

1A  -  —  -  ——  -  0.2  A 
V  200 


1^  -  —  —  — —  -  0.5  A 
V  200 


When  the  bulbs  are  connected  in  series,  their 
combined  resistance  is  R  =  RA  +  RB  =  1 000  +  400  = 
1400  LI.  The  current  through  each  bulb  is 
400 


/-  —  * 

R  1400 


=  0.286  A 


Since  /  is  greater  than  1  A  but  less  than  IB;  bulb  A  will 
fuse  but  bulb  B  will  not.  Hence  the  correct  choice  is 
(b). 

41.  When  the  bulbs  are  connected  in  parallel,  the 
potential  difference  across  each  bulb  is  V  =  400  V. 
Therefore,  the  currents  in  A  and  B  are 

400 


V  =YL- 

A  R. 


1000 


=  0.4  A 


and 


/;- A.4oo  =  1a 
'  R. 


Since  I'A  is  greater  than  /  ,  and  I'  is  greater  than  IB, 
both  the  bulbs  will  fuse.  Hence  the  correct  choice  is 

(a) 


42.  Resistance  of  each  bulb  is  R  = 


(200)2 

500 


=  80  £2. 


When  the  bulbs  are  connected  in  series  to  a  100  V 
source,  the  potential  difference  across  each  bulb  is 
V  =  100/2  =  50  V.  Therefore,  power  generated  in 
each  bulb  is 


P  = 


R 


(50)2 

80 


=  31.25  W 


Hence  the  correct  choice  is  (b). 


Pi 


43.  R=  — y .  Since  the  two  wires  are  made  of  the  same 
nr 


material,  resistivity  p  is  the  same  for  wires  AB  and 
BC.  Since  the  wires  have  equal  lengths,  it  follows 
that  R  Hr2 .  Hence 


AB  —  >  i-e  Rbc  4Rab 
Rbc  4 

Since  the  current,  is  the  same  in  the  two  wires,  it 
follows  from  Ohms  law  (V  =  IR)  that  VBC  =  4  VAB. 
Hence  choice  (a)  is  wrong.  Now  power  dissipated  is 
P  =  1"  R.  Since  /  is  the  same,  P  °c  R.  Hence 


R/iC  =  Rab  =4 
PAb  Rbc 

Hence  chioce  (b)  is  correct,  choice  (c)  is  wrong 
because  current  density  (i.e.  current  per  unit  area) 
is  different  in  wires  AB  and  BC  because  their  cross- 
sectional  areas  are  different.  The  electric  field  in  a 
wire  is  E  =  VII.  Since  the  two  wires  have  the  same 
length  (/),  E  is  proportional  to  potential  difference 
(V).  Since  VBC  =  4  VAB,  EBC  =  4 Eab.  Hence  choice 
(d)  is  also  incorrect. 

2  2 

44.  Given  Kl  +  Kl  =  30  =>  V2  =  36  or  V=  6  volt. 

2  3 

So  the  potential  difference  across  the  4  LI  resistor 
is  6  V.  Therefore,  the  current  through  this  resistor  = 
6/4  =  1.5  A,  which  is  choice  (c). 

45.  Since  the  current  through  the  1  £2  resistor  is  2  A,  the 
current  in  the  2  £2  resistor  will  be  1  A.  So  the  cur¬ 
rent  in  the  3  £2  resistor  =  1  +  2  =  3  A.  Hence  power 
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developed  in  the  3  £2  resistor  =  (3)2  x  3  =  27  W.  So 
the  corrent  choice  is  (c). 

46.  The  effective  resistance  across  the  battery  in  con¬ 
figuration  R{  is  =  1  £2.  For  configuration  R2,  the 
effective  resistance  is  R2  =  0.5  £2  and  R3  =  2  £2. 


Now  power  dissipated  is  P  =  —  .  Since  V  =  con¬ 
stant,  P  °c  — .  Ffence  P2  >  P,  >  P3. 

R  2  13 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  Two  wires  of  the  same  material  and  having  same 
uniform  area  of  cross-section  are  connected  in  an 
electrical  circuit.  The  masses  of  the  wires  are  m  and 
2  m  respectively.  When  a  current  /  flows  through 
the  circuit,  the  heat  produced  in  them  in  a  given 
time  is  in  the  ratio 

(a)  2  :  1  when  they  are  connected  in  series 

(b)  2  :  1  when  they  are  connected  in  parallel 

(c)  1:2  when  they  are  connected  in  parallel 

(d)  1:2  when  they  are  connected  in  series 

2.  If  three  bulbs  of  40  W,  60  W  and  100  W  are  con¬ 
nected  in  series  with  a  200  V  power  supply,  then 

(a)  the  potential  difference  will  be  maximum 
across  the  40  W  bulb 

(b)  the  current  will  be  maximum  through  the 
100W  bulb 

(c)  the  40  W  bulb  has  the  maximum  resistance 

(d)  the  current  in  the  circuit  is  1.2  A 

3.  A  constant  voltage  is  applied  between  two  ends  of 
a  uniform  conducting  wire.  If  both  the  length  and 
radius  of  the  wire  are  doubled 

(a)  the  heat  produced  in  the  wire  will  be 
doubled 

(b)  the  electric  field  across  the  wire  will  be 
doubled. 

(c)  the  heat  produced  will  remain  unchanged 

(d)  the  electric  field  across  the  wire  will  become 
one  half. 

4.  Choose  the  correct  statements  from  the  following. 

(a)  A  100  W  filament  bulb  has  a  higher  resistance 
that  a  1  kW  electric  heater  both  marked  for 
200  V. 

(b)  Three  bulbs  of  40  W,  60  W  and  100  W  are 
connected  in  series  and  this  combination  is 
connected  across  the  mains.  The  potential  dif¬ 
ference  across  the  40  W  bulb  is  the  lowest. 

(c)  A  60  W  bulb  is  connected  in  series  with  a 
room  heater  and  this  combination  is  con¬ 
nected  across  the  mains.  If  the  60  W  bulb  is 


replaced  by  a  1 00  W  bulb,  the  heat  produced 
by  the  heater  will  decrease. 

(d)  A  60  W  bulb  is  connected  in  parallel  with 
a  room  heater  and  this  combination  is  con¬ 
nected  across  the  mains.  If  60  W  bulb  is 
replaced  by  a  1 00  W  bulb,  the  heat  produced 
by  the  heater  will  remain  unchanged. 

5.  A  wire  of  length  /,  cross-sectional  area  A  and 
resistivity  p  is  connected  to  a  source  of  a  constant 
voltage  V.  The  rate  at  which  heat  is  produced  in  the 
wire  is  inversely  proportional  to 

(a)  V  (b)  A 

(c)  p  (d)  / 

6.  A  battery  consists  of  a  series  combination  6  lead 
accumulators,  each  of  emf  2.0  V  and  internal  resis¬ 
tance  0.5  £2.  The  battery  is  charged  by  a  100  V  d.c. 
supply,  A  series  resistance  R  =  8  £2  is  used  in  the 
charging  circuit.  Then 

(a)  The  current  in  the  circuit  is  8  A. 

(b)  The  power  supplied  by  the  d.c.  source  is  800  W. 

(c)  The  power  dissipated  as  heat  is  704  W. 

(d)  The  power  stored  in  the  battery  is  96  W. 

7.  A  cell  of  emf  1.5  V  and  internal  resistance  0.1  £2 
is  connected  across  a  resistor  R.  The  current  in  the 
circuit  is  2  A.  Then 

(a)  the  rate  of  chemical  energy  consumption  in  the 
cell  is  3.0  W. 

(b)  the  rate  of  energy  dissipation  in  the  cell  is 
0.4  W. 

(c)  the  power  output  of  the  source  is  2.6  W. 

(d)  the  value  of  R  =  0.5  £2. 

8.  A  battery  of  emf  E  and  internal  resistance  r  is 
connected  across  a  pure  resistive  device  of  resistance 
R.  The  power  output  of  the  device  is  P.  Then 

(a)  P  is  maximum  if  R  =  r. 

(b)  P  is  maximum  if  R  =  2 r. 

(c)  the  maximum  power  output  is  E2l2r. 

(d)  the  maximum  power  output  is  E:/4r. 
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9.  An  eletric  motor  runs  on  a  dc  source  of  emf  E  & 
internal  resistance  r.  The  power  output  of  the  source 
is  maximum  =  Prmx  when  the  current  drawn  by  the 
motor  is  I.  Then 


(a)  /=  - 
r 

(b)  /  = 

E2 

\W  ^max 

(d) 

r 


E2 
4  r 


10.  A  copper  wire  and  a  silicon  ciystal  are  heated  from 
50  K  to  room  temperature.  The  resistivity  of 

(a)  copper  decreases  (b)  copper  increases 

(c)  silicon  decreases  (d)  silicon  increases. 

11.  In  the  circuit  shown  in  Fig.  23.15,  the  rate  of  heat 
produced  in  the  5  Q.  resistor  is  20  J  s  *. 

<  IIT,  1981 

4  £2  6h 

I - WW - WW - 1 


WvV- 
5  Q 


Fig.  23.15 

(a)  The  current  in  the  6  £1  resistor  is  1  A. 

(b)  The  current  in  the  5  Q  resistor  is  2  A. 

(c)  The  rate  of  heat  produced  in  the  4  Q  resistor 
is  4  J  s~  '. 


(b)  current  in  A  to  that  in  B  is  1  :  1 

(c)  power  consumed  by  A  to  that  consumed  by 
B  is  2  :  3 

(d)  power  consumed  by  A  to  that  consumed  by 
B  is  1  :  4. 

14.  In  the  circuit  shown  in  Fig.  23.16. 

B 


(a)  the  current  in  the  circuit  is  6  A. 

(b)  the  current  flowing  in  branch  BD  is  zero. 

(c)  the  power  dissipated  in  1  W  resistor  is  36  W. 

(d)  the  power  dissipated  in  3  W  resistor  is  12  W 
15.  Figure  23.17  shows  a  part  of  a  circuit.  The  currents, 

resistances  and  emfs  are  indicated  in  the  figure. 

(a)  The  power  dissipated  in  the  2  Q  resistor  is 
128  W. 

(b)  The  power  dissipated  in  the  3  Q  resistor  is 
108  W. 


(d)  The  potential  difference  across  4  £2  resistor 
is  4  V. 

12.  The  battery  of  emf  E  and  internal  resistance  r  sup¬ 
plies  1 .50  W  of  power  in  a  6  Q,  resistor  and  1 .96  W 
of  power  in  a  4  Q  resistor.  Then 

(a)  E  =  3.5  V  (b)  E  =  1.5  V 

(c)  r  =  1  a  (d)  r  =  2  Q 

13.  An  electric  heater  A  operated  at  100  V  consumes 
electrical  energy  at  the  same  rate  as  another  electric 
heater  B  when  operated  at  200  V.  If  the  heaters  are 
connected  in  series  across  a  300  V  power  supply, 
the  ratio  of  the 

(a)  potential  difference  across  A  to  that  across  B 
is  1  :  4 


(c)  The  potential  difference  between  A  and  D 
is  -  15  V. 

(d)  The  potential  difference  between  A  and  D  is 
+  15  V. 


,  212 


^ - lb 


10V 


r  2A 

-AAAA/Ml — r — W\AA— -*D 


1£2 


3V 


3£2 


5£2 


>AQ 


4A 


Fig.  23.17 


ANSWERS  AND  SOLUTIONS 

1.  The  mass  of  a  wire  of  length  /,  cross-sectional  area 
A  and  density  d  is  given  by 

m  =  Aid 

Since  A  and  d  are  the  same  for  the  two  wires  and 
since  their  masses  are  in  the  ratio  of  1  :  2,  their 


lengths  and  hence  their  resistances  are  in  the  ratio 
of  1  :  2.  When  the  wires  are  connected  in  series, 
the  same  current  /  flows  in  each.  Since  the  heat  H 
produced  in  time  t  is  given  by 

H  =  f~Rt 


or 


Ho c  R, 
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the  choice  (d)  is  correct.  On  the  other  hand,  if  the 
wires  are  connected  in  parallel,  the  potential  differ¬ 
ence  V is  the  same  across  the  two  wires.  Since  //is 
also  given  by 


H  = 


V2 1 

R 


or 


H  oc 


1 

-  J 

R 


2. 


the  choice  (b)  is  also  correct.  Hence  the  correct 
choices  are  (b)  and  (d). 


Resistance  of  40  W  bulb 


Resistance  of  60  W  bulb 


Resistance  of  1 00  W  bulb 


V^_  =  200  x  200 
W  40 

1000  £2 
200  x  200 
60 

666.7  Q 
200  x  200 
100 
400  £2 


Hence  choice  (c)  is  correct.  Since  the  bulbs  are  con¬ 
nected  in  series,  the  current  in  each  is  the  same. 
Hence  choice  (b)  is  incorrect.  The  total  resistance 
=  1000  +  666.7  +  400  =  2066.7  £2.  Therefore,  the 
current  in  the  circuit  is 

/  =  200  =  0.097  A 

2066.7 

Hence  the  choice  (d)  is  also  incorrect.  Since  the 
40  W  bulb  has  the  highest  resistance  and  the  current 
in  each  bulb  is  the  same,  the  potential  difference 
across  the  40  W  bulb  is  the  highest.  Hence  the  cor¬ 
rect  choices  are  (a)  and  (c). 

3.  R=  P-L  =  A 
A  nr 

If  /  and  r  are  doubled,  R  will  become  one  half. 
Thus  heat  produced  per  second  will  become  twice 


2  V 

because  H  =  V  /R.  Also,  since  E  =  _  ,  E  will 

/ 

become  one  half.  Hence  the  correct  choices  are  (a) 
and  (d). 

4.  Statement  (a)  is  correct.  The  resistance  of  the  bulb  is 
Rh  =  - —  =  (20°)~  =  400  £2 

Pb  100 

The  resistance  of  the  heater  is 

Rh  =  (20°)2  =  40  £2 
1000 

Statement  (b)  is  incorrect.  Since  the  bulbs  are  con¬ 
nected  in  series,  the  current  in  each  is  the  same. 
Therefore,  the  potential  difference  across  a  bulb 


will  be  proportional  to  its  resistance.  We  have  seen 
above  that  R  HP.  Thus  the  40  W  bulb  has  the 
highest  resistance  and  the  100  W  bulb  has  the  low¬ 
est  resistance.  Hence  the  potential  difference  across 
the  40  W  bulb  is  the  highest  and  that  across  the  1 00 
W  bulb  is  the  lowest. 

Statement  (c)  is  also  incorrect.  Let  Rx  be  the  re¬ 
sistance  of  the  60  W  bulb  and  R2  that  of  the  1 00  W 
bulb.  Since  R  °c  1  IP,  Rx  is  greater  than  R2-  If  R  is 
the  resistance  of  the  heater  and  V  the  voltage  of  the 
mains,  the  current  through  heater  and  60  W  bulb  is 

1  R  +  Rx 

and  the  current  through  heater  and  100  W  bulb  is 


R  +  R2 

Since  Rx  >  R2, 12>  Ix.  We  know  that  heat  produced 
by  the  heater  is  proportional  to  the  square  of  the 
current  flowing  through  it.  Hence  heat  produced  by 
the  heater  will  be  more  when  1 00  W  bulb  is  in  series 
with  it  than  when  a  60  W  bulb  is  in  series  with  it. 
Statement  (d)  is  correct.  When  a  bulb  and  heater 
are  connected  in  parallel  and  this  combination  is 
connected  across  the  mains,  the  potential  difference 
across  each  is  equal  to  the  voltage  of  the  mains 
irrespective  of  the  resistance  of  the  bulb.  Hence, 
on  replacing  the  60  W  bulb  by  a  100  W  bulb,  the 
heat  produced  by  the  heater  will  remain  unchanged 
which  will  be  V2!R  in  both  the  cases. 


5.  Heat  produced  per  second  =  —  =  - .  Hence 

R  P> 

the  correct  choices  are  (c)  and  (d). 

6.  Emf  of  battery  =  6x2=  12  V.  Resistance  of  battery 
(r)  =  6  x  0.5  =  3  £2.  Since  the  polarity  of  the  charg¬ 
ing  d.c.  source  is  opposite  to  that  of  the  battery,  the 
effective  emf  (E)  =  100-  12  =  88V. 

Current  in  the  circuit  is 


R+r  8+3 

Power  supplied  by  source  =  1 00  V  x  8  A  =  800  W. 
Power  dissipated  as  heat  =  I2  {R  +  r)  =  (8)2  X  (8  +  3) 
=  704  W. 

Power  stored  in  the  battery  =  power  supplied  -  power 
dissipated 

=  800  -  704  =  96  W 
Hence  all  the  four  choices  are  correct. 

7.  V=  1 .5  V,  /  =  2  A  and  r  =  0.1  £2.  The  rate  of  chemi¬ 
cal  energy  consumption  in  the  cell  is 
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P  =  V I  =  1.5  X  2  =  3.0  W 


The  rate  of  energy  dissipation  inside  the  cell  is 
Pc=  I2r  =  (2)2  x  0.1  =  0.4  W 
The  rate  of  energy  dissipation  in  resistor  R  is 
PR  =  P-PC  =  3.0  -  0.4  =  2.6  W 
Potential  drop  across  R  is 
1.5  xR 
R  +  0.10 

Therefore  rate  of  energy  dissipation  in  R  =  potential 
drop  across  R  x  current  in  R 

1.5x7?x2.0 
i?  +  0.10 

which  is  PR  =  2.6  W.  Hence 


1.5xi?x2.0 
i?  +  0.10 


2.6 


which  gives  R  =  0.65  £2. 

Power  output  of  the  source  =  rate  of  dissipation  of 
energy  in  the  resistor  =  2.6  W. 

Thus  the  correct  choices  are  (a),  (b)  and  (c). 

8.  The  current  in  the  circuit  is 


7  = 


E 

(R  +  r) 


Therefore  the  power  output  of  the  device  is  given 
by 


P=  I2  R 


E2R 

(R  +  r)2 


(i) 


For  given  values  of  E  and  r,  power  output  P  will 
be  maximum  if  dPIdR  =  0  and  cfP/dR1  <  0.  Differ¬ 
entiating  (i)  with  respect  to  R  we  get  (with  E  and 
r  fixed) 


dP  =  E2  f  2  R  \ 

~dR  ~  (R  +  rf  1  (R  +  r)  J 


Now  dP/dR  =  0  if 


1 


2  R 

(R  +  r) 


=  0 


which  gives  R  =  r.  Thus,  P  will  be  either  maximum 
or  minimum  when  R  =  r.  To  decide  whether  P  is 
maximum  at  R  =  r,  we  find  d2 P/dR 2  at  R  =  r.  If  its 
value  is  negative,  P  will  be  maximum.  Differentiat¬ 
ing  (ii)  we  have 

d2P  _  2 E2  f  3 R 

dR2  (R  +  rf\(R  +  r) 


'd2P\  =  E 2 

\dR~  J  at  R=r  8r3 


which  is  negative.  Hence  P  is  maximum  when 
R  =  r.  Putting  R  =  r  in  Eq.  (i)  above  we  get 


P 


max 


Er_ 
4  r 


So  the  correct  choices  are  (a)  and  (d). 

9.  When  the  motor  is  running  (it  is  an  active  device), 
a  back  emf,  say  E'  is  developed  in  the  circuit.  If  7 
is  the  current  in  the  circuit,  the  power  output  of  the 
source  is  given  by 

P=  (E-E')I 
But  E'  =  Ir. 

Hence  P  =  El  -  I2r  (i) 

Differentiating  (i)  with  respect  to  /,  we  have 

—  =  E  -  2  Ir  (ii) 

dl 

dP 

P  will  be  maximum  or  minimum  if _  =  0,  i.e.  if 

dl 

]7 

1=  —  .  Differentiating  (ii),  we  have 
2  r 


d2P 
dl 2 


=  —  2  r 


which  is  negative.  Hence  P  is  maximum  when 
I  =  EHr. 

Putting  /  =  E!2r  in  (i)  above,  we  get 


Thus  the  correct  choices  are  (b)  and  (d). 

10.  The  correct  choices  are  (b)  and  (c).  The  resistance 
and  hence  resistivity  of  metallic  conductors  (such  as 
copper)  increases  and  of  semi-conductors  (such  as 
silicon)  decreases  with  increase  in  temperature. 

11.  The  current  /  divides  into  7)  and  I2  as  shown  in 
Fig.  23.18.  The  potential  difference  between^  and 
B  =  potential  difference  between  C  and  D 

or  7j  x  (6  +  4)  =  I2  x  5 

or  7j  =  ll. . 

2 

Now  Q = I2 x  5  =>  20  =  72 x 5  =>  I2  =  2  A.  Therefore, 
7j  =  1  A.  The  rate  at  which  heat  is  produced  in  the 
4  Q.  resistor  =  72x4  =  (l)2x4  =  4J  s~*.  Potential 
difference  across  4  Q  resistor  =  71x4  =  lx4  =  4 
V.  Hence  all  the  four  choices  are  correct. 
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A  h 

r>HVvV- 
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5  Q 

Fig.  23.18 


12.  /  = 


E2R 


E  , 

- ,  power  P  =  /  P  =  — - -y 


(R  +  r) 


(R  +  n 


p  i  = 


p2p, 


P2P, 


p 


(P1+r)2’  2  (P2+;-)2 


P, 


2  J 


Rx  +  r 


1.5 


1.96 
Also  1.5  = 


-)xf— 
4/  1.6  +  r 

E2x6 


■r  =  1£2 


(6+ir 


•  E  =  3.5  V. 


Thus  the  correct  choices  are  (a)  and  (c). 


13.  P,  *  and  P2  =  (20°)2 


P, 


Po 


Given  Px  =  P2. 


1 

Hence  —  =  _  .  When  the  heaters  are  connected 
P2  4 

in  series  across  300  V  supply,  (.’.  current  /  is  the 
same  in  both) 

Yl  =  m  A  =  I 

P2  /P2  P2  4 

A  =  =  A  =  I 

P2  1 R2  R 2  4 


Hence  the  correct  choices  are  (a),  (b)  and  (d). 

14.  Resistors  2  Q.  and  3  £2  are  short-circuited.  So  current 
flows  from  A  to  B,  from  B  to  D  and  from  D  to  C  and 
then  through  the  battery  and  the  1  Q  resistor.  The 
current  in  the  circuit  is 

/=  1  =6A 

1 

which  is  the  current  flowing  in  1  Q  resistor  and  in 
the  branch  BD.  Power  dissipated  in  1  £2  resistor  = 
(6)2  x  1  =  36  W.  No  current  flows  in  the  2  £2  and 
3  £2  resistors.  So  no  power  is  dissipated  in  these 
resistors.  Hence  the  correct  choices  are  (a),  (b) 
and  (c). 

15.  Applying  Kirchhoff’s  junction  rule  at  junction  C, 
we  find  that  a  current  of  (4  +  2)  =  6  A  flows  in 
brance  CB  from  C  to  B  as  shown  in  Fig.  23.19.  At 
junction  B,  the  current  through  the  2  £2  resistor  = 
6  +  2  =  8  A. 


>  2L1 


8  A 


10  V 


A  — —A'WNA- 

2  A  1£2 


3  V 


-AAAAA- 

3£2 


6  A< 


-AWA^- 
5  a  2  A 


>4Q 


Fig.  23.19 

Power  dissipated  in  2  £2  resistor  =  (8)2  x  2  =  128  W. 
Power  dissipated  in  3  £2  resistor  =  (6)2  x  3  =  108  W. 
Potential  difference  between  A  and  D  =  (2  A  x  1  £2 
+  3V-6Ax3£2  -10  V  +  2  A  x  5  £2) 

=  2  +  3-  18-  10  +  10  =  -  15  V. 

Hence  the  correct  choices  are  (a),  (b)  and  (c). 


0 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  5  are  based  on  the  following  passage 
passage  I 

Joule’s  Law 

Consider  a  conductor  having  a  finite  resistance.  A  steady 
potential  difference  V  is  maintained  between  the  ends  A  and 


B  of  the  conductor.  The  end  A  of  the  conductor  is  connected 
to  the  positive  tenninal  of  the  battery  and  is  at  a  higher 
potential  than  end  B  which  is  connected  to  the  negative 
terminal  of  the  battery.  A  steady  current  /  flows  through  the 
conductor.  When  a  charge  q  moves  from  A  to  B  in  time  t, 
the  current  in  the  conductor  is 
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/  =  i 

t 

In  moving  from  A  to  B,  the  charge  has  to  do  work  which 
(from  the  definition  of  potential  difference  V)  is  given  by 
W=qV 

This  work  represents  the  decrease  in  the  electrical  potential 
energy  of  the  charge.  The  principle  of  conservation  of  en¬ 
ergy  tells  us  that  this  energy  is  transformed  from  electrical 
energy  to  some  other  form  of  energy.  If  the  conductor  is  a 
metal  (pure  resistor),  then  the  energy  appears  as  heat  in  the 
metal,  which  is  given  by 

H=qV=ItV=r~Rt=  —  V  =  IR) 

R 

The  power  P  associated  with  the  transfer  of  heat  is 


P=  —  =  IV  =  I2R 
t 


Yl 

R 


1.  The  end  A  of  a  metallic  conductor  is  connected  to 
the  positive  terminal  and  end  B  of  the  conductor 
is  connected  to  the  negative  terminal  of  a  battery. 
Then 

(a)  the  free  electrons  move  from  A  to  B. 

(b)  the  free  electrons  move  from  B  to  A. 

(c)  the  electrons  lose  potential  energy  as  they 
move  in  the  conductor. 

(d)  the  electrons  gain  potential  energy  as  they 
move  in  the  conductor. 


2 .  A  constant  potential  difference  is  maintained  between 
the  ends  of  a  metallic  conductor.  As  the  electrons 
move  from  one  end  of  the  conductor  to  the  other, 


(a)  their  kinetic  energy  increases  and  potential 
energy  decreases. 

(b)  their  kinetic  energy  decreases  and  potential 
energy  increases. 

(c)  their  kinetic  energy  increases  but  potential 
energy  ramains  unchanged. 

(d)  their  potential  energy  decreases  but  kinetic 
energy  remains  unchanged. 

3.  A  potential  difference  V  applied  across  a  resistance 
R  causes  a  current  /  to  flow  through  the  resistance. 
In  which  of  the  following  cases  is  the  rate  at  which 
electrical  energy  is  converted  to  thermal  energy  the 
maximum? 

(a)  V  is  doubled  with  R  unchanged 

(b)  R  is  doubled  with  V  unchanged 

(c)  R  is  doubled  with  /  unchanged 

(d)  Both  R  and  V  are  doubled 

4.  In  Q.3  above,  in  which  of  the  four  cases  (a),  (b),  (c) 
and  (d)  is  the  rate  of  conversion  of  electrical  energy 
into  thermal  energy  the  least. 

5.  A  uniform  wire  is  connected  across  the  mains.  It 
dissipates  power  P.  The  wire  is  now  cut  into  two 
equal  pieces  which  are  then  joined  in  parallel.  If 
this  combination  is  connected  across  the  mains,  the 
power  dissipated  will  be 

(a)  t  (b)  L 

4  2 

(c)  2 P  (d)  4 P 


ANSWERS  AND  EXPLANATIONS 

1.  Since  the  charge  of  an  electron  is  negative,  it  will 
move  towards  the  positive  terminal.  As  it  moves,  it 
loses  potential  energy  and  this  loss  appears  as  heat 
in  the  conductor.  Thus  the  correct  choices  are  (b) 
and  (c). 

2.  The  electrons  loose  potential  energy  as  they  move 
from  one  end  of  the  conductor  to  the  other.  The 
kinetic  energy  ramians  unchanged  because  elec¬ 
trons  drift  at  a  constant  speed  called  the  drift  speed. 
Hence  the  correct  choice  is  (d). 

(2V)2  V2 

3.  In  case  (a),  power  =  - - =  4  —  =  4 P. 

R  R 

V 2  P 

In  case  (b),  power  =  —  =  — 

2  R  2 


In  case  (c),  power  =  1 2  (2 R)  =  2 12  R  =  IP 
(2V)2  V2 

In  case  (d),  power  = - —  =  2  —  =  2 P 

2  R  R 

Hence  the  correct  choice  is  (a). 

4.  The  correct  choice  is  (b). 

5.  Let  R  be  the  resistance  of  the  complete  wire  and  V 
the  voltage  of  the  mains.  Then  P=  V2/R.  If  the  wire 
is  cut  into  two  equal  pieces  and  these  pieces  are  con¬ 
nected  in  parallel,  the  resistance  of  the  combination 

V2  p 

will  be  R/4.  Hence  power  =  -  =  _  =  4 P. 

R/ 4  2 

Thus  the  correct  choice  is  (d). 
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Questions  6  to  9  are  based  on  the  following  passage 
Passage  II 

A  50  V  dc  power  supply  is  used  to  charge  a  battery  of  eight 
lead  accumulators,  each  of  emf  2  V  and  internal  resistance 
1/8  £2.  The  charging  current  also  runs  a  motor  connected 
in  series  with  the  battery.  The  resistance  of  the  motor  is  5 
£2  and  the  steady  current  supply  is  4  A. 

6.  The  total  power  lost  due  to  heat  dissipation  is 
(a)  88  W  (b)  92  W 

(c)  96  W  (d)  100  W 

SOLUTION 

6.  Power  supplied  is/>  =  50Vx4A  =  200  W.  A  part 
of  this  power  is  lost  due  to  heat  in  the  battery  and 
the  windings  of  the  motor.  Heat  lost  in  the  battery 
is 

2 

Px  =  (current)  x  (resistance  of  battery) 

=<4)2xK) 

=  16  W 

Power  lost  as  heat  in  the  motor  is 

P2  =  (current)  X  (resistance  of  motor) 

=  (4)2  x  5  =  80  W 


7.  The  useful  power  available  is 

(a)  112  W  (b)  108  W 

(c)  104  W  (d)  100  W 

8.  The  chemical  power  stored  in  the  battery  is 

(a)  80  W  (b)  76  W 

(c)  64  W  (d)  50  W 

9.  The  mechanical  power  stored  in  the  motor  is 

(a)  20  W  (b)  30  W 

(c)  40  W  (d)  50  W 


.'.  Total  power  lost  due  to  heat  dissipation  F\  +  P2 
=  16  +  80  =  96  £2.  Hence  the  correct  choice  is  (c). 

7.  Useful  power  available  =  power  supplied  -  power 
lost  =  200  W  -  96  W  =  1 04  W.  Hence  the  correct 
choice  is  (c). 

8.  Chemical  power  stored  in  the  battery  =  (voltage  of 
battery)  x  (current) 

=  16  Vx4A=64  W. 

Hence  the  correct  choice  is  (c). 

9.  Mechanical  power  supplied  by  the  motor  =  total 
available  power  -  power  stored  in  the  battery  = 
104  -  64  =  40  W.  Hence  the  correct  choice  is  (c). 


Questions  10  to  12  are  based  on  the  following  passage 
Passage  III 

In  the  circuit  shown  in  Fig.  23.20,  the  5  £2  resistance 
develops  45  Js"1  of  heat  due  to  the  flow  of  current  through  it. 
h 


AAAAA — | 
2  £2 


AAA AA- 
6  n 


Fig.  23.20 


AWA 

9  £2 


AAAAA 

5  £2 


10.  The  value  of  current  /  is 

(a)  1  A  (b)  2  A 

(c)  3  A  (d)  4  A 

11.  The  power  dissipated  in  the  2  £2  resistor  is 

(a)  96  W  (b)  48  W 

(c)  32  W  (d)  16  W 

12.  The  potential  difference  across  the  6  £2  resistor  is 

(a)  2  V  (b)  4  V 

(c)  6  V  (d)  9  V 


SOLUTION 


10.  Current  through  the  5  £2  resistor  is 
15/  =  3/ 

20  T 

Current  through  6  £2  and  9  £2  resistors  is 


h 


T  _  51  _  I 
—  — 

20  4 

Heat  energy  developed  per  second  in  the  5  £2  resis¬ 
tors  is  1 2  x  5  =  45  or 


*L\  x  5  =  45 


1  =  4  A. 


So  the  correct  choice  is  (d). 


11.  Power  developed  in  the  2  £2  resistor  =  I1  x  2  = 
(4)2  x  2  =  32  W,  which  is  choice  (c). 

12.  Potential  difference  across  the  6  £2  resistor  =  /,  X  6 

/  4 

=  —  x6=  —  x  6  =  6  V,  which  is  choice  (c). 

4  4 
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Questions  13  to  16  are  based  on  the  following  passage 
Passage  IV 

Figure  23.21  shows  four  resistances  Rx  =  4  12,  R2  =  6  Q, 
R3  =  12  12  and  R4  =  10  12  connected  with  a  120  V  battery 
and  a  capacitor  of  capacitance  C  =  500  pF,  by  means  of 
two  switches  Sx  and  S2.  Switch  S1  is  closed  so  that  the 
capacitor  is  fully  charged.  Switch  Sl  is  then  opened  and 
switch  S2  is  closed. 


13.  The  power  developed  in  resistor  Rx  is 

(a)  1.8  W  (b)  3.6  W 

(c)  5.4  W  (d)  7.2  W 

14.  The  power  developed  in  resistor  R2  is 

(a)  0.3  W  (b)  0.6  W 

(c)  0.9  W  (d)  1.2  W 

15.  The  power  developed  in  resistor  R3  is 

(a)  0.2  W  (b)  0.4  W 

(c)  0.6  W  (d)  0.8  W 

16.  The  power  developed  in  resistor  R4  is 

(a)  3.6  W  (b)  1.2  W 

(c)  0.4  W  (d)  zero 


Fig.  23.21 


SOLUTION 


When  switch  Sx  is  closed,  the  capacitor  is  charged  to  the 
voltage  of  the  battery.  Energy  stored  in  the  capacitor  is 

U=  1  CV2  =  I  x  500  x  1(T6  x  (120)2  =  3.6  J. 

2  2 

When  Sj  is  opened  and  switch  S2  is  closed,  no  current 
flows  through  R4.  Flence  power  developed  in  R4  =  0,  i.e. 
P4  =  0. 

Let  7j  be  the  current  through  the  4  12  resistor  at  an 
instant  of  time  t.  This  current  divides  into  I2  flowing 
through  R2  and  /3  flowing  through  R2  such  that  /,  =  /2  + 
/3.  Since  the  potential  difference  across  R2  and  R2  is  the 
same,  we  have,  I2R2  =  /3i?3  or  6 12=  12  /3  or  /2  =  2 /3.  But 
/,  =  /2  +  /3.  Therefore, 


Now  P  =  I2R.  Therefore, 

P1:P2:JP3=/2i?1:/227?2:/327?3 

=  (3)2  x  4  :  (2)2  x  6  :  (l)2x  12 
=  36  :  24  :  12  =  3  :  2  :  1 

Thus  energy  U  =  3.6  J  stored  in  the  capacitor  is 
distributed  among  resistors  Rx,  R2  and  AT  in  the  ratio 
3:2:1. 

13.  Px  =  ^'6  x  ^  =  1.8  W,  which  is  choice  (a). 

6 

14.  AT  =  ^'6  x  ^  =  1.2  W,  which  is  choice  (d). 

6 


Ix  =  2/3  +  /3  or  /3  =  — .  Similarly  I2 

3  3  3  3 


=  —  .  Thus 
3 

=3:2:1 


15.  P3  =  X  ^  =  0.6  W,  which  is  choice  (c). 

6 

16.  Since  no  current  flows  through  R4,  P4  =  0,  which  is 
choice  (d). 


0 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  statement-2  (Reason).  Each  question  has 
the  following  four  choices  out  of  which  only  one  choice 
is  correct. 


(a)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1 . 

(b)  Statement-1  is  True,  Statement-2  is  True;  Statement-2 
is  NOT  a  correct  explanation  for  Statement- 1. 
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(c)  Statement-1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement  1 

The  adjoining  Fig.  23.22  shows  the  current-voltage 
(/  -  V)  graphs  for  a  given  metallic  wire  at  two  dif¬ 
ferent  tempera-tures  7j  and  T2.  It  follows  from  the 
graphs  that  T2  is  greater  than  7j. 


Fig.  23.22 

Statement-2 

The  resistance  of  a  metallic  conductor  increases 
with  increase  in  temperature. 

2.  Statement  1 

Two  bulbs  of  60  W  and  100  W  are  connected  in  se¬ 
ries  and  this  combination  is  connected  a  d.c.  power 
supply.  The  potential  difference  across  the  60  W 
bulb  is  higher  than  that  across  the  100  W  bulb. 


Statement-2 

In  a  series  combination,  the  potential  difference 
across  a  bulb  a  proportional  to  its  resistance. 

3.  Statement  1 

A  60  W  bulb  is  connected  in  series  with  a  room 
heater  and  this  combination  is  connected  across 
the  mains.  If  the  60  W  bulb  is  replaced  by  a  100 
W  bulb,  the  heat  produced  by  the  heater  will  be 
more. 

Statement-2 

The  heat  produced  is  inversely  proportional  to 
resistance  when  the  resistances  are  connected  in 
series  across  the  mains. 

4.  Statement  1 

A  60  W  bulb  is  connected  in  parallel  with  a  room 
heater  and  this  combination  is  connected  across  the 
mains.  If  the  60  W  bulb  is  replaced  by  a  100  W 
bulb,  the  heat  produced  by  the  heater  will  remain 
the  same. 

Statement-2 

When  resistance  are  connected  in  parallel  across 
the  mains,  the  heat  produced  is  inversely  propor¬ 
tional  to  the  resistance. 


SOLUTIONS 


1.  The  correct  choice  is  (a).  From  Ohm’s  law,  the 
slope  of  the  I— V  graph  gives  the  reciprocal  of  the 
resistance  of  the  wire.  Since  the  slope  of  the  graph 
is  smaller  at  temperature  T2,  the  resistance  of  the 
wire  is  greater  at  temperature  T2  than  at  tempera¬ 
ture  7j.  Flence  T2  is  greater  than  7j. 

2.  The  correct  choice  is  (a).  Since  the  bulbs  are  con¬ 
nected  in  series,  the  current  in  each  is  the  same. 
Therefore,  the  potential  difference  across  a  bulb 
will  be  proportional  to  its  resistance  R.  Now  R  °c 
HP,  where  P  is  the  power.  Hence  the  60  W  bulb  has 
a  higher  resistance  than  the  100  W  bulb. 

3.  The  correct  choice  is  (c).  The  resistance  (7?j)  of  the 
60  W  bulb  is  higher  than  resistance  ( R2 )  of  the  100 
W  bulb.  If  R  is  the  resistance  of  the  heater  and  V  the 
voltage  of  the  mains,  the  currents  through  the  60  W 
bulb  and  100  W  bulb  respectively  are 


4. 


h  = 


V 

R  +  Rx 


and 


h 


V 

R  +  R2 


Since  R{  >  R2  \I2>Il.  Since  the  heater  and  the  bulb 
are  connected  in  series,  the  current  through  the  bulb 
=  current  through  the  heater.  Now,  heat  produced 
by  the  heater  is  proportional  to  the  square  of  the 
current  flowing  through  it. 

The  correct  choice  is  (a).  When  a  bulb  and  a  heater 
a  connected  in  parallel  and  this  combination  is  con¬ 
nected  across  the  main,  potential  difference  across 
each  is  the  same  equal  to  the  voltage  V  of  the  mains, 
irrespective  of  the  resistance  of  the  bulb.  If  R  is  the 
resistance  of  the  heater,  the  rate  at  which  heat  is 
produced  will  be  V1 2 3!R  in  both  cases. 
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Chapter 


Magnetic  Effect  of 
and  Magnetism 


Current 


REVIEW  OF  BASIC  CONCEPTS 


24.1  !  BIOT-SAVART  LAW 

_ I _ 


According  Bipt-Savart  law,  the  magnetic  field  d B  at  a 
point  whose  position  vector  with  respect  to  a  current 
element  d /  is  r  is  given  by 


where 


/B  Afo l  (<4xr) 

4  n  r3 

p0=  4n  x  1(T7  Hm_1 


(1) 


24.2  !  AMPERE'S  CIRCUITAL  LAW 

_ I _ 


The  loop  or  line  circuit  integral  of  the  magnetic  field  along 
a  closed  curve  is  proportional  to  the  current  threading  or 
passing  through  the  closed  circuit  i.e. 

(j)B  dl  =  pf 

where  p0  is  the  permeability  of  free  space. 

Biot-Savart  law  and  Ampere’s  circuital  law  are  used  to  find 
the  magnetic  field  due  to  current  carrying  conductors. 

;  MAGNETIC  FIELD  DUE  TO  CURRENT 
J  i  CARRYING  CONDUCTORS 


(i) 


Magnetic  field  at  point  P  due  to  an  infinitely  long 
wire  carrying  a  current  I  (Fig.  24.1) 


B  =  directed  into  the  page  (away  from  the 
2nr 


reader)  if  the  /  is  upwards  and  towards  the  reader 
if  /  is  downwards.  At  points  Q  or  S,  B  =  0 
(ii)  Magnetic  field  at  the  center  of  a  circular  loop  of 
radius  r  (Fig.  24.2) 


B  =  ^—directed  into  the  page  if  /  is  clockwise 
2  r 

and  outside  the  page  if  /  is  anticlockwise. 

For  a  coil  of  N  turns. 

B=  ML 

2  r 

(iii)  Magnetic  field  at  the  centre  of  a  curved  element 
(Fig.  24.3). 


Fig.  24.3 
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(iv)  Magnetic  field  at  point  P  due  to  a  straight  wire 
XY  of  finite  length  (Fig.  24.4) 

B  =  (sin  a  +  sin  p) 

4  nr 

directed  into  the  page 
Special  Cases 

(a)  If  the  conductor  XY 
is  of  infinite  length 
and  point  P  lies 
near  the  centre  of 
the  conductor  (as  in 
Fig.  24.1),  a  =  fi  = 

90°  so 


X 


Fig.  24.4 


B=^~  (sin  90°  +  sin  90°) 
4nr 

=  M 

2nr 


(b)  If  the  conductor  XY  is  of 
infinite  length  but  point 
P  lies  near  the  end  X  or 
Y  as  shown  in  Fig.  24.5, 
then  a  =  90°  and  P  =  0°, 
then 


i 


X  r  p 


Fig.  24.5 


B  = 


(sin  90°  +  sin  0°) 

4nr 


Bo  I 
4nr 


Note:  For  an  infinitely  long  straight  conductor  carrying  a 
current,  the  magnetic  field  near  its  centre  is  twice  that 
near  one  of  its  ends. 

(c)  If  the  conductor  AT  has  a  finite  length  L  and  point 
P  lies  on  the  right  bisector  of  the  conductor,  as 
shown  in  Fig.  24.6,  then 
a  =  and 


•  a  m 
sin  a  =  smp=  — 

x 


1/2 


L 

V4  r2+L2 


y 


Li  2 


i 


so  B  = 


2nr 


Fig.  24.6 


(d)  If  the  point  P  lies  on  the  straight  conductor  or 
on  its  axis,  then  dl  and  r  for  each  element  of  the 


straight  conductor  are  parallel.  Therefore,  dl  x  r 
=  0.  Hence  B  =  0  at  point  P. 

(v)  Magnetic  field  at  centre  due  to  a  wire  PQRST 
(Fig.  24.7) 

Magnetic  field  at  O  due  to  straight  portions  PQ  and 
ST  is  zero  and  due  to  semicircular  part  QRS  is 


B  =  directed  into  the  page. 
4r 

l  R 


Fig.  24.7 

If  the  current  in  anticlockwise,  B  is  directed 
towards  the  reader. 

(vi)  Magnetic  field  at  Centre  O  of  a  rectangular  coil 
(Fig.  24.8) 

2p0I  Ja2  +  b2 

B  =  - x - directed  into  the  page 

n  ab 

For  a  square  coil  ( b  =  a) 

B=  2V2  p0I 
na 


(vii)  Magnetic  field  due  to  a  hollow  metal  pipe  of 
radius  R  carrying  current  in  its  walls  (Fig.  24.9) 

At  point  P,  B  = 

2nr 
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For  a  solid  pipe  of  radius  R  (Fig.  24.9) 

Inside  the  pipe  at  a  point  at  a  distance  r  from  the 
axis, 

2  rf 

Outside  the  pipe  at  a  point  P  at  a  distance  r  from 
the  axis 

B-  M 
2  nr 

(viii)  Magnetic  field  on  the  axis  of  a  circular  coil  of 
radius  R  (Fig.  24.10) 

At  point  P,  B  =  Ho. _ — _ _ 

47T  (R2  +  r2  )3/2 

where  M=  IA  =  I  x  nR2  is  the  magnetic  moment. 
If  current  /  is  anticlockwise  B  is  directed  from  O 
to  P.  For  clockwise  current  B  is  form  P  to  O. 


(ix)  Magnetic  field  due  to  an  electron  (charge  e) 
revolving  in  a  circular  orbit  of  radius  r  with  speed 
r  with  speed  v  and  frequency  n  (Fig.  24.11) 

€  €  V 

Current  along  orbit  1=  —  =  en=  - 

T  2k  r 

The  direction  of/ is  opposite  to  the  direction  of  mo¬ 
tion  of  the  electron. 

Magnetic  field  at  O 
is 

Po1 


B  = 


4  r 


Electron 


ev 

where /=  -  and 

Int¬ 
is,  directed  into  the 
page. 

2  ev>~ 

Magnetic  moment  M  =  IA  =  I  x  nr  =  — 

(x)  Magnetic  field  due  to  a  current  carrying  straight 
solenoid 

In  the  middle  region  B  =  p0nl;n  =  no.  of  turns 
per  unit  length. 

At  the  ends  of  solenoid,  B  =  — — 


For  a  toroid  of  radius  R,  B  =  fi0nl,  where  n  = 
N  N 

—  = - ;  N  =  total  no.  of  turns.  Outside  the 

L  2  nR 

solenoid,  B  =  0. 


EXAMPLE  24.1 


Figure  24.12  shows  two  stationary  and  infinitely  long 
bent  wires  PQR  and  STU  lying  in  the  x-y  plane  and 
each  carrying  a  current  /  as  shown.  Find  the  magni¬ 
tude  and  direction  of  the  magnetic  field  at  origin  O. 
Given  OQ  =  OT  =  a 


y 

A 


u 


Q 


a  O  a  T  I  S 


Fig.  24.12 


SOLUTION 


As  point  O  is  along  the  line  segments  PQ  and  ST,  the 
magnetic  field  at  O  due  to  PQ  and  ST  is  zero.  The 
magnetic  field  at  O  due  to  wires  QR  and  TU  respec¬ 
tively  are 


Pol  (k) 
4  n(OQ) 


and  B2  = 


Pol  (k) 

4n(OT) 


both  directed  along  the  positive  z-axis.  The  resultant 
field  at  O  is  (v  OQ  =  OT=  a) 


6=6^6, 


2  x 


Pol_ 

4na 


(k)  = 


Pol 
2  na 


A 

k 


EXAMPLE  24.2 


Two  infinitely  long  wires  carrying  equal  current  /  in 
the  opposite  direction  are  placed  perpendicular  to  the 
x-y  plane.  One  wire  is  located  at  point  P  (0,  a,  0)  and 
the  other  wire  at  Q  (0,  -a,  0).  Find  the  magnitude  and 
direction  of  at  point  A(x,  0,  0). 


2 
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SOLUTION 


Refer  to  Fig.  24.13.  Wire  1  carries  a  current  /  along 
the  positive  z-direction  and  wire  2  carries  a  current  / 
along  the  negative  z-direction. 

OP  =  OQ  =  a,  OA  =  x,  PA  =  QA  =  r. 


y 


Magnetic  field  at  A  due  to  wire  1  is 

B  =  BqL  _  ^ 

2n(PA)  2n^ja2  +  x2 

According  to  Biot-Savart  law,  B,  is  perpendicular  to 
both  PA  and  wire  1  and  therefore  in  the  x-y  plane. 
Similarly,  magnetic  field  at  A  due  to  wire  2  is 

P  _  Mo7 

I - 

2n\ja2  +x2 

The  y-components  of  Bj  and  B2  cancel  each  other 
but  the  x-components  add  up.  These  components  are 
Bx  cos  9  and  B2  cos  0  both  along  the  positive  x-direc- 
tion.  Therefore,  the  resultant  magnetic  field  at  A  is 

B  =  B,  +  B2  =  (Bx  cos  6  +  B2  cos  0)  i 


Mo7 


n\J(a2  +x2)  yf, 


2  2 
a  +x 


x  (i) 


_  a  a 
v  cos  6  =  —  = 


2  .  2  , 
a  +  x  ) 


Bo1  a 
n(a2  +  x2) 


(i) 


(a)  (i)  Radius  r  of  wire  A  when  it  is  bent  into  a 
circle  is  given  by 

2  nr  /.  =>  r  -  — 

2  n 

Magnetic  field  at  the  centre  of  the  circular 
loop  is 

Mo  I  Po,n 


5,  = 


(1) 


2  r  L 

(ii)  Refer  to  Fig.  24.14.  The  magnetic  field  at  O 
due  to  wire  PQ  is  (OT  =  a) 

BPn  =  —  (sin  45°  +  sin  45°) 


JPQ 


Ana 

2V2 


na 


4Mo^ 
V2  nL 


Fig.  24.14 

Since  centre  O  of  the  square  is  at  the  same 
distance  from  each  side  of  the  square  and 
each  arm  carries  the  same  current,  the  mag¬ 
netic  field  due  to  each  side  of  the  square  is 
of  the  same  and  in  the  same  direction.  Flence 
the  total  magnetic  field  at  O  is 


B 2  ^BPq 


16  B0I  _  8V2  /n0I 
V2  nL  nL 


(2) 


EXAMPLE  24.3 


I  Two  wires  A  and  B  have  the  same  length  L  and  carry 
equal  currents  I.  Wire  A  is  bent  into  a  circle  and  wire 
B  is  bent  into  a  square,  (a)  Obtain  expression  for  the 
magnitude  of  the  magnetic  field  at  (z)  the  centre  of  the 
circular  loop  and  (ii)  the  centre  of  the  square.  Which 
wire  produces  a  greater  magnetic  field  at  the  centre? 


(b)  Dividing  (2)  by  (1)  we  get 
B ,  8V2  8x1.41 

—  =  — —  = - 7-  —  1.16 

B{  n2  (3. 14) 2 

Hence  B2  >/>’,.  The  magnetic  field  at  the  centre 
due  to  the  square  loop  will  be  greater  than  that 
due  to  the  circular  loop. 
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EXAMPLE  24.4 


■  Figure  24.15  shows  a  wire  loop  ABCDEA  carrying  a 
current  /  as  shown. 

Given  AE  =  ED  =  a  and  AB  =  CD  =  all. 

Find  the  magnitude  and  direction  of  the  magnetic 
field  at  point  F  where  BE  =  CF  =  all. 


SOLUTION 


■  Magnetic  field  at  F  is 

B  =  +  B/;c  +  Bcd  +  Bde  +  BEA 

Since  point  F  lies  in  line  with  current  elements  AB 
and  CD,  Bab  =  BCD  =  0 

Also  Bde  =  Bea  =  (sin  0°  +  sin  45°)  =  ^ 

Ana  4V2  na 

directed  out  of  the  page  and  towards  the  reader. 


Bbc 


Bo1 


(sin  45°  +  sin  45°) 


4 n  BC/1 

directed  into  the  page  and  away  from  the  reader.  Now 


BC  =  V BF 2  +FC2  =  J  -  +  -  =  -£= 

\il  4i 


Bbc 


Bo1 


An 


i4i 


i 

V2  +  V2 


Bo  I 
na 


directed  into  the  page. 

Now  Bde  +  Bea  =  ^  directed  out  of  the  page. 


l\flna 


Since  Bbc  >  BDE  +  BEA  the  net  field,  B  is  directed  into 


the  page  and  has  a  magnitude 


B  = 


_  Bo1  Bo1  _  Bo1 


na 


l4l 


na  na 


iJl 


EXAMPLE  24.5 


A  wire  ABCDE  is  bent  as  shown  in  Fig.  24.16.  The 
wire  carries  a  current  /  and  the  radius  of  the  bent  coil 
BCD  is  r.  Find  the  magnitude  and  direction  of  the 
magnetic  field  at  centre  O. 


SOLUTION 


The  straight  line  segments  AB  and  DE  are  collinear 
with  O.  Hence  the  magnetic  field  due  to  AB  and  DE  at 
O  is  zero.  Angle  subtended  at  O  by  arc  BCD  =  In-  6. 
The  magnetic  field  due  to  BCD  at  O  is 

B  =  BaL{  2n~d\ 

Ir  V  In  J 


c 


The  current  through  BCD  is  clockwise.  Therefore,  the 
direction  of  the  magnetic  field  at  O  is  into  the  page 
and  away  from  the  reader. 


EXAMPLE  24.6 


A  wire  ABCEF  is  bent  as 
shown  in  Fig.  24.17  and 
caries  a  current  I.  The 
radius  of  the  smaller  arc 
ABC  is  rj  =  r  and  that  of 
the  bigger  arc  is  r2  =  2r. 
Find  the  magnitude  of  the 
magnetic  field  at  centre 
O. 


SOLUTION 


Magnetic  field  due  to  arc  ABC  at  O  is 

B  =  Bol_  fin -O') 

1  2rx  l  In  J 

Magnetic  field  due  to  arc  DEF  at  O  is 

B ^  =  BqI  0 

2  lr2  In 


Fig.  24.17 
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since  Bx  and  B2  are  both  directed  into  the  page,  the 
total  magnetic  field  at  O  is 

2rx  V  2 n  J  2r2  2k 
Putting  rx  =  r  and  r2  =  2 r,  we  get 


B  x  2  nr  =  /i0z  = 


Bo1''2 

R2 


B  = 


r 


EXAMPLE  24.7 


I  A  long  straight  cylinder  of  radius  R  carries  a  current 
/  which  is  uniformly  distributed  across  its  cross-sec¬ 
tion.  Find  the  magnetic  field  at  a  point  at  a  distance 
r  from  the  axis  of  the  cylinder  in  cases  (a)  r  >  R  and 
(b)  r  <  R. 


SOLUTION 


Figure  24.18  shows  the  cross-sectional  view  of  the 
cylinder. 


Amperian  Loop 


Amperian  Loop 


(a) 


(b) 


Fig.  24.18 


NOTE 


(1)  For  r  <  R;  B  r  and  for  r  >  R;  B  <x  —  .  Figure  24.19 

r 

shows  the  variation  of  B  with  r. 


Fig.  24.19 

(2)  For  a  hollow  cylinder,  the  current  flows  along  its 
walls.  Therefore,  in  the  case  r<  R  [Fig.  24.18  (b)],  no 
current  threads  the  Amperian  loop.  Flence  B  =  0  for 
points  inside  a  hollow  cylinder. 


EXAMPLE  24.8 


The  current  density  J  (current  per  unit  area)  in  a  solid 
cylinder  of  radius  R  varies  with  distance  r  from  its 
axis  as  J=kr  where  k  is  a  constant.  Find  the  magnetic 
field  at  a  point  P  where  (a)  r  >  R  and  (b)  r  <R. 


Case  (a)  r  >  R.  For  this  case,  the  Amperian  loop  is 
a  circle  of  radius  r  concentric  with  the  cross-section 
[Fig.  24. 1 8  (a)].  For  this  loop,  L  =  2nr  and  the  current 
threading  the  loop  is  i  =  I.  From  Ampere’s  circuital 
law. 

BL  =  n0  i  =$Bx  2  nr  =  ^  =>  B  = 

2  nr 


Case  (b)  r  <  R.  For  this  case,  L  =  2 nr  [Fig.  24.18  (b)] 
and  the  current  threading  the  loop  is 

i  =  current  per  unit  cross-sectional  area  of  the  cylinder 
x  cross-sectional  area  of  the  Amperian  loop 


I 

nR2 


x  nr2 


Ir -2_ 

R2 


From  Ampere’s  law, 


SOLUTION 


Current  /  =  J  .Id A  =  J  kr  x  (2nrdr  ) 

Case  (a)  We  take  the  Amperian  loop  of  radius  r  >  R. 
Since  the  loop  is  outside  the  cylinder,  the  current 
through  the  loop  is 

R  R  2n  kR 3 

I  =  j  kr  x  (2nrdr)  =  2 nkj  r2 dr  = - - — 

o  o  ^ 


B  x  2  nr 


3  r 


Case  (b)  For  r  <  R,  the  current  through  the  Amperian 
loop  is 
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/  =  J  kr(2nrdr)  — 


2k  kf 


„  „  T  x  2nkr 

B  x  =  p0I  =  — - 


■B  = 


Bokr 


FORCE  ON  A  MOVING  CHARGE  IN  A 
MAGNETIC  FIELD 


The  force  on  a  charge  q  moving  with  a  velocity  v  in  a 
magnetic  field  B  is  given  by 

F  =  q(y  X  B) 

The  direction  of  F  is  perpendicular  to  both  v  and  B.  The 
magnitude  F  of  vector  F  is  given  by 
F  =  qvB  sin  9 

where  0is  the  angle  between  vectors  v  and  B. 

(1)  F  =  0  if  v  =  0,  i.e.  a  charge  at  rest  does  not 
experience  any  magnetic  force. 

(2)  F  =  0  if  9  =  0  or  180°,  i.e.  the  magnetic  force 
vanishes  if  v  is  either  parallel  or  antiparallel  to 
the  direction  of  B. 

(3)  F  is  maximum  =  Fmax  if  9  =  90°,  i.e.  if  v  is 
perpendicular  to  B,  the  magnetic  force  has  a 
maximum  value  given  by 

fmax  =  <P>B 

The  direction  of  the  force  when  v  ±  B  is  given 
by  Fleming’s  left  hand  rule. 

(4)  If  v  is  perpendicular  to  both  E  and  B  and  E  is 

£ 

perpendicular  to  B,  then  F  =  0  if  v  =  — . 


I  MOTION  OF  A  CHARGED  PARTICLE 
|  IN  A  MAGNETIC  FIELD _ 


Case  (a):  If  v  is  perpendicular  to  B,  the  particle  describes  a 
circle  in  the  region  of  the  magnetic  field  because  Fiv. 

(i)  The  speed  along  the  circular  path  is  constant. 

(ii)  The  kinetic  energy  is  constant. 

(iii)  Velocity  and  momentum  continually  change. 


(iv) 


The  radius  r  of  the  circular  path  is  given  by 
qvB 


mv 2 
r 


=>  r  = 


mv 

qB 


\l2mK 

qB 


where  m  =  mass  of  particle  and  K  =  kinetic  energy.  If 
the  particle  is  accelerated  through  a  potential  differ¬ 
ence  V.  then  K=  qV. 

2k  m 

(v)  Time  period  of  revolution  is  T=  - 

qB 


(vi)  Frequency  of  revo lution  is  v  = 


qB 
2k  m 


which  is  indepen¬ 


dent  of  both  v  and  r. 

Case  (b):  If  v  is  inclined  to  B  at  an  angle  9,  the  particle 

moves  in  a  helical  path.  The  radius  of  helix  is  r  =  —  , 

qB 


time  period  T  = 


2k  m 
qB 


and  pitch  of  the  helix  =  v  cos  9  x  T 


Applications 

(i)  Particle  moving  hori¬ 
zontally  and  entering  a 
region  of  magnetic 
field  B  as  shown  in 
Fig.  24.20.  Particle 
describes  a  semi-circle 
of  radius. 

mv 

qB 


i  x 

i  X  X  X  X 


Time  spend  in  the  region  of  magnetic  field  is 


_  T  Km 
2  qB 

(ii)  If  the  particle  enters  the 
region  of  magnetic  field 
as  shown  in  Fig.  24.21, 
then 

mv 

qB 

29m 

and  t  =  - 

qB 

where  9  is  in  radian. 


X 


B 

x 


X  X 


X  X 


X  X 


Fig.  24.21 


(iii)  In  Fig.  24.22,  the  particle  wall  not  be  able  to  hit 
the  wall  if  d  >  r,  i.e. 
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(iv)  If  d  <  r,  as  shown  in  Fig.  24.23,  the  deflection  9 
when  the  particle  leaves  the  field  is  given  by 


sin  9  = 


d 


qBd 


r  mv 

Linear  defection  x  =  r(  1  -  cos  9) 


EXAMPLE  24.9 


I  An  electron  emitted  from  a  hot  filament  is  accelerated 
through  a  potential  difference  of  1 8  kV  and  enters  a 
region  of  a  uniform  magnetic  field  of  0.1  T  with  a 
certain  initial  velocity.  What  is  the  trajectory  of  the 
electron  if  the  magnetic  field  (a)  is  transverse  to  the 
initial  velocity  and  (b)  makes  an  angle  of  30°  with  the 
initial  velocity?  Mass  of  electron  =  9  x  1CT31  kg. 


SOLUTION 


V=  18  x  103V 

1  2 

—  mv  =  eV  =>  v  = 
2 


2  x  (1.6  x  10-19)  x  (18  x  103) 


1 1/2 


=  8  x  107  ms-1 


(a)  Since  v  is  ±  to  B,  9  =  90°,  the  trajectory  of 
the  electron  is  circular  having  a  radius 

=  mv  (9  x  1 0~3 1 )  x  (8  x  107) 
eB  ~  (1.6  x  10-19)  x  0.1 

=  4.5  X  1(T3  m  =  4.5  mm 

(b)  The  trajectory  of  the  electron  is  helical.  The 
radius  of  heix  is 

mv  i  mv  .  ,, 
r  =  — —  =  —  x  sm  9 
eB  eB 

=  4.5  mm  x  sin  30°  =  2.25  mm 


EXAMPLE  24.10 


I  A  long  straight  wire  lying  along  the  y-axis  carries 
a  current  of  10  A  along  the  positive  v-direction.  A 
proton  moving  with  a  velocity  of  107  ms~'  is  at  a 
distance  5  cm  from  the  wire  at  a  certain  instant.  Find 
the  magnitude  and  direction  of  the  force  acting  on  the 
proton  at  that  instant  if  its  velocity  is  directed 

(a)  along  the  negative  x-direction 

(b)  along  the  positive  v-direction  and 

(c)  along  the  positive  z-direction 


SOLUTION 


Refer  to  Fig.  24.24. 


/ 


r 


y 


®B 

—  Proton  -x 


x 


Fig.  24.24 

Magnetic  field  at  A  is 

=  41X10^X10  =  4x10-5T 
2nr  2k  x  0.05 

directed  inwards  along  the  negative  z-direction 

(a)  9  =  90°.  Therefore,  force  on  proton  is 
F  =  qvB  sin  9 

=  (1.6  x  10  I9)  x  107  x  (4  x  10  5)  x  sin  90° 
=  6.4  x  1(T17N 

According  to  Fleming's  L.H.  rule,  the  direc¬ 
tion  of  the  force  is  parallel  to  the  wire  and 
opposite  to  the  direction  of  current  /,  i.e.  F 
is  along  the  negative  y-di  recti  on 

(b)  9  =  90°,  F  =  qvB  =  6.4  x  1(T17  N.  The  force 
is  directed  towards  the  wire,  i.e.  along  nega¬ 
tive  x-direction 

(c)  9  =  180°.  F  =  qvB  sin  180°  =  0 


EXAMPLE  24.11 


A  proton  and  an  a-particle  move  perpendicular  to  a 
uniform  magnetic  field.  The  mass  of  an  a- particle  is 
four  times  that  of  a  proton  and  its  charge  is  twice  that 
of  a  proton.  Find  the  ratio  of  radii  of  the  circular  path 
followed  by  them  if  both 

(a)  have  equal  velocities, 

(b)  have  equal  linear  momenta, 

(c)  have  equal  kinetic  energies  and 

(d)  are  accelerated  through  the  same  potential 
difference. 


SOLUTION 


Given  =  4  and  ^  =  2 
mP  4P 
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(a)  r  = 


mv 

qB 


m,,v  ,  m  v 
•  r„  = - and  r„  =  - 

P  „  r>  a 


q„B 


<laB 


,  —  =  —  x  —  =  -x2  =  - 
4  2 


.I  \  mv 

(b)  r '  & 

1  2 

Kinetic  energy  K  =  —  mv 


■v  = , 


(c)  r  = 


a 

mv 


qB  qB 


.-.  -F  =  1SL  =  2 
(d)  K  =  qV.  Therefore 


5 1 


—  =  l—x  —  =J—x2  =^= 


V2 


Ft  =  e/(2R) 


Fig.  24.27 

(iv)  Force  per  unit  length  between  two  long  straight 
and  parallel  wires  carrying  currents  I{  and  I2  and 
separated  by  distance  r  is 

r  _  Byhli 
2  nr 

attractive  if  I  {  and  I2  are  in  the  same  direction  and 
repulsive  if  Ix  and  I2  are  in  opposite  directions. 
Force  on  a  segment  of  length  /  of  either  wire  is 
F=fxl. 

(v)  Force  on  a  rod  carrying  a  current  /,  placed  at  a 
distance  x  from  an  infinitely  long  wire  carrying  a 
current  I2  as  shown  in  Fig.  24.28. 

F=  loge(l  +  —  ]  vertically  upwards. 

2  nr  \  xJ 


. .  ,  i  FORCE  ON  A  CURRENT  CARRYING 
24  6  1 

;  CONDUCTOR  IN  A  MAGNETIC  FIELD 

(i)  Force  on  a  straight  conductor  placed  perpendicu¬ 
lar  to  magnetic  field  (Fig.  24.25). 

F  =  BIL  upwards  if  current  /  is  from  left  to  right 
and  downwards  if  /  is  from  right  to  left  (given  by 
Fleming’s  left  hand  rule) 

X  X  ^  X 
X  X  I  X 

I)  I 

XXX 
X  X  l_  X 
XXX 

Fig.  24.2£ 

(ii)  Force  at  point  P  on  a  semicircular  wire  of  radius  R 
(Fig.  24.26) 

F  =  BI{2R)  =  2 BIR  vertically  upward  for  clockwise 
current  and  downward  for  anticlockwise  current 

(iii)  Force  on  a  circular  wire  of  radius  R  (Fig.  24.27) 
Net  force  F  =  Fl  -  F2  =  0 


> 


Fig.  24.28 

(vi)  Force  on  a  rectangidar  coil  cartying  a  current  f 
placed  at  a  distance  x  from  an  infinitely  long  wire 
carrying  a  current  I-,  as  shown  in  Fig.  24.29. 


,  t 

h 

— > -fa 

■< -  X  - ► 

* - 1 

'  T  9 

F2 


Fig.  24.29 
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Force  Fx  and  F2  being  equal  and  opposite  cancel 
and  F3  and  F4  are  given  by  expression  above.  Net 
force  on  coil  is 


p  =  F  -  F  = 

3  4  2nx  2  n{x  +  L ) 


!_■  Po 

2  nx{x  +  L) 

directed  towards  the  wire  (attractive) 


EXAMPLE  24.12 


I  The  battery  of  a  car  is  connected  to  the  motor  by  50 
cm  long  wires  which  are  1.0  cm  apart.  If  the  current 
in  the  wires  is  200  A,  find  the  force  between  the  wires. 
Is  the  force  attractive  or  repulsive. 


SOLUTION 


Force  per  unit  length  is 


Hi)I\I2  _  (4tt  x  1 0  7 )  x  200  x  200 
2 nr  ~  2n  x  (1.0  x  10-2) 


/= 


=  0.8  Nm 


-l 


.-.  F=/x/  =  0.8x0.5  =  0.4N 

Since  the  currents  in  the  wires  are  in  opposite  direc¬ 
tion,  the  force  is  repulsive. 


EXAMPLE  24.13 


I  A  small  rectangular  loop  ABCD  of  sides  5  cm  and 
3  cm  carries  a  current  of  5  A.  It  is  placed  with  its 
longer  side  parallel  to  a  long  straight  conductor  PQ 
of  length  5  m  at  a  distance  of  2  cm  from  it  as  shown 
in  Fig.  24.30.  If  the  current  in  PQ  is  20  A,  find  the  net 
force  on  the  loop.  Is  the  loop  attracted  towards  PQ  or 
repelled  away  from  it? 


5  cm 


Fig.  24.30 


SOLUTION 


Force  exerted  by  PQ  on  AB  is 

F\  =  xAB 
2m\ 


_  (4 n  x  10-7)  x  5  x  20  x  5  x  10-2 
2n  x  5  x  1 0-2 

=  2  X  1CT5  N  (repulsive  since  /,  and  /2  are  in 
opposite  directions) 

Force  exerted  by  PQ  on  CD  is 

F2  =  Pohh  x  cd 
2jzr2 


(4  n  xlO  7)x5x20x5x10  2 
2k  x  2  x  1 (T2 


=  5x10  5  N  (attractive  since  Ix  and  /2  are  in  the 
same  direction) 

From  Fleming’s  L.H.  rule  the  magnetic  field  due 
to  current  in  PQ  is  directed  outwards  (towards  the 
reader)  and  perpendicular  to  the  plane  of  the  coil. 
Therefore,  forces  F3  and  F4  on  BC  and  AD  are  equal 
and  opposite  and  hence  cancel  each  other.  Therefore, 
the  net  force  on  coil  ABCD  is 

F  =  F2-FX  =  5x  1  (T5  -  2  x  1 CT5  =  3  x  1CT5N 
(attractive).  Hence  coil  is  attracted  towards  PQ. 


What  is  the  maxi¬ 
mum  speed  (vlmx) 
of  the  particle  so 
that  it  returns  back 
in  region  I? 

(b)  What  will  happen  if 


X 

-d- 


Fig.  24.31 


=  V2 


v  i 

max  • 


III 


A  particle  of  charge  q  and  mass  m  moving  in  region 
I  with  a  velocity  v  enters  normally  a  region  II  of 
width  d  where  a  uniform 
magnetic  field  B  (directed 
inwards)  exists  as  shown 
in  Fig.  24.31.  There  is  no 
magnetic  field  in  regions  I 
and  III. 

(a) 


SOLUTION 


(a)  Refer  to  Fig.  24.32(a).  The  particle  describes 
a  circular  path  of  radius  r  =  mv/qB  in  region 
II.  It  will  return  to  region  /  if  it  describes  a 
semicircle  in  region  II.  This  happens  if 

mv  ,  qBd 

r  <  d  =>  —  <  d  or  iK  - 

qB  m 


v 


max 


qBd 

m 
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(a)  Tension  in  the  wires  will  be  zero  if 

F  =  F 

m  8 

=>  BIl  =  mg 

al-  M  =  (60xl°-i)xl0  ,  0  24  T 
II  5  x  (50  x  10-2) 

(b)  If  current  /  is  reversed,  force  Fm  acts  down¬ 
wards.  Hence 

Tension  T  =  BIl  +  mg 
=  0.24  x  5  x  0.5  +  60  x  1(T3  x  10  =  1.2  N 


Fig.  24.32 


(b)  Refer  to  Fig.  24.32  (b).  If  v  >  umax,  the  particle 
is  cross  over  to  region  III  after  describing  a 
circular  trajectory  in  rejoin  II  with  O  as  the 
centre.  In  region  III,  te  particle  is  move  along 
the  tangent  at  Q.  The  particle  will  suffer  a 
deviation  9. 

In  triangle  OPQ 


sin  0  = 


PQ 

OQ 


d_ 

r 


sin  6  = 


qBd  vn 


mv 


If  v  =  V2  vmax,  then  sin  9  =  —j=  =>  9  =  45 

v2 


EXAMPLE  24.15 


A  straight  horizontal  conducting  rod  of  length  50  cm 
and  mass  60  g  is  suspended  by  two  vertical  wires  at 
its  ends.  A  current  of  5  A  set  up  in  the  rod. 

(a)  What  magnetic  field  should  be  set  up  normal 
to  the  conductor  in  order  that  the  tension  in 
the  wires  is  zero? 

(b)  What  will  be  the  tension  in  the  wires  if  the 
direction  of  the  current  is  reversed,  keeping 
the  magnetic  field  the  same? 

Ignore  the  mass  of  the  wires  and  take  g  =  1 0 
m/s-2. 


SOLUTION 


Refer  to  Fig.  24.33. 


B  (into  page) 
Fm  =  BIl 


Fq=  mg 


Fig.  24.33 


I  |  TORQUE  ON  A  CURRENT  CARRYING 
24  7  1  COIL  IN  A  MAGNETIC  FIELD _ 

The  torque  on  a  coil  of  N  turns,  area  A  carrying  a  current 
/  in  a  magnetic  field  B  is  given  by 
T  =  M  x  B 

Magnitude  of  torque  is  T  =  MB  sin  9  =  NIAB  sin  9 
where  M=  NIA  is  the  magnetic  moment  and  9  is  the  angle 
between  the  normal  to  the  plane  of  coil  and  magnetic  field. 

The  magnitude  of  torque  on  a  coil  in  radial  magnetic 
field  in  moving  coil  galvanometer  is 
t  =  ka 

where  k  is  the  restoring  couple  per  unit  twist  and  a  is  the 
deflection  of  the  coil.  For  radial  magnetic  field,  a=  90°. 
Then 

hoc 

NIAB  =  ka  =>  /  =  -  or  /  °c  a 

NAB 

Current  sensitivity  of  the  galvanometer  is 
a  _  NAB 

Vy ,,  — 

*  /  k 


\  TORQUE  ON  A  BAR  MAGNET  IN  A 
1  MAGNETIC  FIELD _ 


The  magnetic  dipole  moment  of  a  bar  magnet  of  pole 
strength  q  and  length  (2a)  is  defined  as 
M  =  q(  2a) 


It  is  a  vector  pointing  from  the  south  to  the  north  pole 
of  a  magnet. 

Force  on  north  pole  N  of  magnet  =  qB  (in  the  direction 
of  B) 

Force  on  south  pole  S  of  the  magnet  =  r/B  (opposite  to  B) 

Thus  the  magnetic  field  exerts  two  equal,  parallel  and 
opposite  forces  on  the  magnet.  The  two  forces,  therefore, 
constitute  a  coupe  which  tends  to  rotate  the  magnet  in  the 
clockwise  direction.  The  arm  of  the  couple  is  2  a.  The 
torque  is  given  by 

T  =  arm  of  the  coupe  x  force 


=  2a  x  qB  =  q( 2a)  x  B 

T  =  M  x  B 


or 
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where  M  =  r/(2a  )  is  called  the  magnetic  moment  of  the  bar 
magnet.  The  direction  of  T  is  perpendicular  to  both  M  and 
B.  If  M  and  B  are  both  in  the  plane  of  the  paper  then  the 
torque  T  will  be  perpendicular  to  the  plane  of  the  paper 
and  directed  into  it  away  from  the  reader.  The  magnitude 
of  the  torque  is 

r  =  MB  sin  9 

where  0is  the  angle  between  M  and  B. 

The  SI  unit  of  M  is  Nm  T_1  or  JT  1  (joule  per  tesla). 

j  POTENTIAL  ENERGY  OF  A  MAGNETIC 
i  DIPOLE 

_ I _ 


The  magnetic  potential  energy  of  a  magnetic  dipole  in  any 
orientation  9  with  an  external  uniform  magnetic  field  B  is 
defined  as  the  work  that  an  external  agent  must  do  to  turn 
the  dipole  from  its  zero  energy  position  ( 9  =  90°)  to  the 
given  position.  9. 

U=  - MB  cos  9 
In  vector  notation, 

U  =  -  (M-B) 

For  stable  equilibrium  U  is  minimum.  Hence  0=0 
and  r=  0.  For  unstable  equilibrium,  U  is  maximum  i.e. 
0=  180°.  Hence  r=  0 

24.10  ;  SOME  USEFUL  TIPS _ 

1 .  Magnetic  dipole  moment  of  a  bar  magnet  is  M=  m  x  /, 
where  m  is  pole  strength  and  /  is  the  length  of  the 
magnet.  The  value  of  M  depends  on  the  volume  of 
the  magnet. 

(a)  If  a  magnet  is  cut  into  two  equal  parts  by  cut¬ 
ting  it  by  a  plane  along  its  length,  its  volume 
is  halved,  Hence  the  magnetic  dipole  moment 
of  a  piece  is  halved  =  Ml 2.  The  pole  strength 

M 

m  =  —  is  also  halved  as  length  /  remains 
the  same. 

(b)  If  a  magnet  is  cut  into  two  equal  parts  by 
cutting  it  by  a  plane  transverse  to  its  length, 
the  volume  and  length  are  both  halved.  Hence 
the  magnetic  moment  becomes  Ml 2  but  pole 
strength  m  remains  the  same. 

(c)  If  a  wire  of  magnetic  dipole  moment  M  and 
length  /  is  bent  as  shown  in  Fig.  24.34,  the 

distance  between  the  pole  becomes  — and 

V2 

magnetic  moment  becomes 
/  M 

M  =777  X  — p=r  =  — j= 

V2  V2 

If  the  wire  is  bent  as  shown  in  Fig.  24.35, 
the  magnetic  moment  becomes 


M'=  777  x  — j= 

42 


M 

42 


NOTE 


Magnetic  dipole  moment  M  is  a  vector  quantity  directed 
from  south  pole  to  north  pole. 

2.  A  bar  magnet  placed  in  a  uniform  magnetic  field 
experiences  no  net  force  but  experiences  a  torque 
T  =  M  x  B.  The  magnitude  of  f  is  T  =  MB  sin  6 
where  9  is  the  angle  between  M  and  B. 

(a)  when  9  =  90°,  Tmax  =  MB 

(b)  when  9  =  0°,  rmin  =  0  (stable  equilibrium) 

(c)  when  9  =  180°,  rmin  =  0  (unstable  equilib¬ 
rium) 

Potential  energy  is  U  =  - MB  =  - MB  cos  9. 
When  9  =  0°,  P.E  is  minimum  t7min  =  -MB. 
U  is  max  =  Umax  =  MB  when  9  =  180° 

(d)  Work  done  in  rotating  the  magnet  from  9l  to 
92  is 

W  =  MB  (cos  0j  -  cos  02) 

(e)  In  a  non-uniform  magnetic  field,  a  bar  magnet 
experiences  a  force  as  well  as  a  torque. 


3.  The  time  period  of  a  bar  magnet  oscillating  in  a 

uniform  magnetic  field  is  T  =  2  ,  where  / 

V  MB 


is  the  moment  of  inertia  of  the  bar  magnet  = 


ml 2 

l2~’ 


777  =  mass  of  magnet  and  /  =  length  of  magnet. 

(a)  If  a  bar  magnet  is  cut  into  two  equal  parts 
by  cutting  along  its  length,  then  each  part  has 
M'  =  Ml 2  and  7'  =  7/2.  Hence  V  =  T. 

(b)  If  a  bar  magnet  is  cut  into  two  equal  parts  by 
cutting  perpendicular  to  its  length,  then  each 
part  has  M'  =  Ml 2  and  7'  =  7/8.  Hence  V  =  772. 

(c)  If  two  bar  magnets  of  magnetic  moments  A/, 
and  M2  are  placed  one  on  top  of  the  other  as 
shown  n  Fig.  24.36,  then  time  period  is  given 
by  (since  7  =  7j  +  I2  and  M  =  Ml  +  M2) 
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T,  =  In , 


(h+h) 

(Mi  +M2)B 


A  closely  wound  solenoid  of  1000  turns  and  area  of 
cross-section  5  cm2  carries  a  current  of  3  A.  It  is  sus¬ 
pended  through  its  centre  (a)  what  is  the  magnetic 
moment?  (b)  What  is  the  force  and  torque  acting  on 
the  solenoid  if  a  uniform  magnetic  field  of  8  x  10  2  T 
is  set  up  at  an  angle  of  30°  with  the  axis  of  the 
solenoid? 


Fig.  24.36 

If  the  magnets  are  placed  as  shown  in  Fig. 
24.37,  then  /  =  /,  +  I2  but  M  =  Mx  —  M2  and 

T2  =  2n  I-Vl±VI 
2  \(M{+M2)B 


„  Mx  (T2+T2) 

T,  and  T ,  are  related  as  - =  — - - — 

m2  (T2-T2) 


(a)  Magnetic  moment  M  =  NIA  =  1 000  x  3  X  (5  x 
1 0  4)  =  1.5  JT  1  or  Am2 

(b)  Since  the  magnetic  field  is  uniform,  the  force 
acting  on  the  solenoid  is  zero 

Torque  t=  MB  sin  0=  1.5  x  (8  x  10~2)  x  sin  30° 
=  6  x  1 0  2  J 


Fig.  24.37 

4.  Magnetic  field  due  to  a  bar  magnet 

(a)  At  a  point  P  on  axial  line  (Fig.  24.38) 

LL  2A^’ 

Bn  =  —  — - - t—  parallel  to  M  =  m  X  21. 

4 n  (r2  -I2)2 

^  s  „  ii0  2 M 

For  a  very  short  magnet  (/  «  r),  Ba  = - — 

An  r 


In  a  hydrogen  atom,  the  electron  moves  in  a  circu¬ 
lar  orbit  of  radius  0.5  A  making  10 16  revolutions  per 
second.  Calculate  the  magnetic  moment  associated 
with  the  orbital  motion  of  electron. 


M=  nevr2  =  3.14  x  (1.6  x  10~19)  x  1016  x  (0.5  x 
10~10)2  =  1.26  x  10~23  Am2 


A  bar  magnet  is  suspended  at  a  place  where  it  is  acted 
upon  by  two  magnetic  fields  which  are  inclined  to 
each  other  at  an  angle  of  75°.  One  of  the  fields  has 
a  magnitude  \fl  x  1 0  2  T.  The  magnet  attains  stable 
equilibrium  at  an  angle  of  30°  with  this  field.  Find  the 
magnitude  of  the  other  field. 


Fig.  24.38 

(b)  At  a  point  Q  on 
the  equatorial  line 
(Fig.  24.39) 

=  Bp  M 
*  An  (r2  +  /2)3/2 

antiparallel  to  M 
For  /  «  r,  o 


Magnetic  field  B,  exerts  anticlockwise  torque  Tj 
to  orient  M  along  itself  and  magnetic  field  B2  ex¬ 
erts  a  stockwise  torque  z2  to  orient  M  along  itself 
(Fig.  24.40).  For  equilibrium, 


B1  =  72  x  10“2  T 


Fig.  24.39 


Fig.  24.40 
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MB ,  sin  6l  =  MB2  sin  02 


EXAMPLE  24.19 


A  uniform  wire  is  bent  into  the  shape  of  an  equilateral 
triangle  of  side  a.  It  is  suspended  from  a  vertex  at 
place  where  a  uniform  magnetic  field  B  exists  parallel 
to  its  plane.  Find  the  magnitude  of  the  torque  acting 
on  the  coil  when  a  current  /  is  passed  through  it. 


SOLUTION 


Area  of  the  coil  is  ( AB  =  a,  BD  =  a/2) 


=  2  x  (-  x  AD  x  BD 
\2 


=  2 


1  V3  a 

X  -  X  —  a  X  - 

2  2  2 


EXAMPLE  24.20 


A  wire  loop  ABCD  carrying  a  current  /2  is  placed  on  a 
frictionless  horizontal  table  as  shown  in  Fig.  24.42.  A 
long  straight  wire  PQ  carrying  a  current  /,  is  placed  at 
a  distance  a  from  side  AB  =  l.  Find  the  work  done  by 
the  magnetic  field  in  shifting  the  wire  from  position 
PQ  to  position  P'Q' . 

Q  Q' 

< - b - H 

A  „  D 


B  C 

P  P’ 


Fig.  24.42 


SOLUTION 


Q 


dx 


Fig.  24.43 

Divide  the  loop  into  a  large  number  of  elements 
each  of  a  very  small  width  dx.  Consider  one  such 
element  at  a  distance  x  from  PQ  [see  Fig.  24.43]. 
The  magnetic  field  at  any  point  on  the  element  is 


4 


Magnetic  moment  of  the  loop  is 

V3  9 

M=  I  A  =  I  x  —  cr 
4 

Since  the  current  is  clockwise  the  direction  of  vector 
M  is  perpendicular  to  the  plane  of  the  coil  directed 
inwards  as  shown  in  Fig.  24.41.  Hence  0=  90°.  The 
magnitude  of  the  torque  acting  on  the  coil  is 

T=  MB  sin  0  =  —  Ia2B  sin  90°  =  —  Ia2B 
4  4 


B  =  —  1  directed  inwards 
2  nx 

Magnetic  moment  of  the  element  is 

dM=  I2  X  area  of  element 

=  I-,  X  Idx 

Since  the  current  in  the  coil  is  anticlockwise,  JM  is 
directed  outwards.  Hence  angle  between  vectors  B 
and  dM  is  6=  180°. 

Potential  energy  when  the  wire  is  a  distance  x  from 
the  elements  is 

d\J  =  -dM- B  =  -dM  x  B  cos  6 
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=  — 12  Idx  X  'U°  1  cos  180° 
lux 

fl0IxI2l  dx 
2  n  x 

Potential  energy  of  the  system  when  the  wire  is  at 
position  PQ  is 


By  symmetry,  the  potential  energy  of  the  system  when 
the  wire  is  shifted  to  position  P'Q'  is 

Up'Q'  =  ~UpQ 

Work  done  in  shifting  the  wire  from  position  PQ 
to  P'Q'  is 

w=  -( uFQ  -  UPQ) 


UPQ 


cdx_ 

2k  *  x  2k 


In 


2UPq 


Pohhl  |n  lb_  j 

K  \a) 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  The  dimensions  of  -  (where  B  is  magnetic 

Mo 

field,  R  is  resistance,  C  is  capacitance  and  /d()  is 
permeability  of  free  space)  are  the  same  as  those 
of 

(a)  impulse 

(b)  angular  momentum 

(c)  energy 

(d)  viscosity 

2.  A  current  carrying  metal  wire  of  diameter  2  mm 
produces  a  maximum  magnetic  field  of  magnitude 
2  x  1 0  T.  The  current  in  the  wire  is 

(a)  10  A  (b)  20  A 

(c)  40  A  (d)  40  V2  A 

3.  A  charged  particle  enters  a  uniform  magnetic  field 
with  velocity  vector  making  an  angle  of  30°  with 
the  magnetic  field.  The  particle  describes  a  helical 
trajectory  of  pitch  x.  The  radius  of  the  helix  is 


(a) 


X 

2n 


(c) 


X 

2V3  K 


(b) 


X 

2^/2 ~ K 


(d) 


fix 

2  K 


4.  A  current  carrying  wire  AB  is  placed  near  another 
CD  as  shown  in  Fig.  24.44.  Wire  CD  is  fixed  while 
wire  AB  is  free  to  move.  When  a  current  is  passed 
through  wire  AB,  it  will  have 

(a)  only  translational  motion 

(b)  only  rotational  motion 

(c)  both  translational  as  well  as  rotational 
motions 

(d)  neither  translational  nor  rotational  motion. 


C 


I2 


A 


/1 


B 


D 


Fig.  24.44 


5.  A  straight  wire  PQ  of  length  L  carries  at  current  I. 
The  magnitude  of  the  magnetic  field  at  point  R  is 


[see  Fig.  24.45] 
(a)  zero 
Bo1 


(b) 

(c) 

(d) 


2V2  kL 
Mo7 

4^2  kL 
2kL 


90° 


-R 


Fig.  24.45 

6.  A  metal  rod  of  length  L  and  mass  M  is  slipping 
down  a  smooth  inclined  plane  of  inclination  30° 
with  a  constant  velocity  v.  The  rod  carries  a  cur¬ 
rent  /  directed  inwards  perpendicular  to  the  plane 
of  the  paper.  A  magnetic  field  directed  vertically 
upwards  perpendicular  to  the  length  of  the  rod  ex¬ 
ists  in  space.  The  magnitude  of  the  magnetic  field  is 


(b) 


M rg 

2IL 
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(c) 

2 IL 


(d) 


Mg 

yfllL 


7.  Equal  current  /  flows  in  circular  wire  segments 
ACB  and  ADB  of  equal  radius  r  as  shown  in 
Fig.  24.46.  If  0  =  60°,  the  magnetic  field  at  centre 
O  is 


8.  The  wire  loop  PQRSP  formed  by  joining  two  semi¬ 
circular  wires  to  radii  R ,  and  R2  carries  a  current  / 
as  shown  in  Fig.  24.47.  The  magnitude  of  the  mag¬ 
netic  induction  at  centre  C  is 


Po1  I 

'  1 

l  3 

(b) 

Po 1  1 

f  1 

1  ^ 

4  1 

R2  ) 

4  1 

u 

R2  2 

Po1 1 

f  l 

1  > 

(d) 

Po1  1 

r  i 

- H 

1  ^ 

2  1 

,R 

R2  J 

2  1 

u 

R2  2 

<  IIT,  1983 


/ 


The  magnetic  field  at  the  point  of  intersection  of 

diagonals  of  a 

square  loop  of  side  L  carrying  a 

current  /  is 

(a) 

M  2/y 

n  L 

n  L 

(o 

nL 

<d)  2V^' 
nL 

10.  Two  particles  X  and  Y  having  equal  charges, 
after  being  accelerated  through  the  same  potential 
difference,  enter  a  region  of  uniform  magnetic  field 
and  describe  circular  paths  of  radii  Rx  and  R2  resp¬ 
ectively.  The  ratio  of  mass  of  X  to  the  mass  of  Y  is 


(a) 

(c) 


(R  ^ 


\R\  ) 


(  R  A 


\RiJ 


(b) 


h. 

Ri 


(d) 


R 

R2 


<  IIT,  1988 

11.  Two  identical  coils  carry  equal  currents  and  have  a 
common  centre,  but  their  planes  are  at  right  angles 
to  each  other.  What  is  the  magnitude  of  the  resultant 
magnetic  field  at  the  centre  if  the  field  due  to  one 
coil  alone  is  B1 


(a)  zero  (b)  5/V 2 

(c)  RlB  (d)  2 B 

12.  When  a  charged  particle  moves  perpendicular  to  a 
uniform  magnetic  field,  its 

(a)  energy  and  momentum  both  change 

(b)  energy  changes  but  momentum  remains 
unchanged 

(c)  momentum  changes  but  energy  remains 
unchanged 

(d)  energy  and  momentum  both  do  not  change. 

13.  A  proton  with  kinetic  energy  AT  describes  a  circle  of 
radius  r  in  a  uniform  magnetic  field.  An  a-particle 
with  kinetic  energy  K  moving  in  the  same  magnetic 
field  will  describe  a  circle  of  radius 

(a)  (b)  r 


(c)  2  r 


(d)  4  r 


14.  An  a-particle  moving  with  a  velocity  »  in  a 
uniform  magnetic  field  is  moving  in  a  circular  path 
at  frequency  v  called  the  cyclotron  frequency.  The 
cyclotron  frequency  of  a  proton  moving  with  a 
speed  2v  in  the  same  magnetic  field  will  be 


(c)  v  (d)  2  v 

15.  An  electron  emitted  from  a  hot  filament  is  acceler¬ 
ated  through  a  potential  difference  of  2.88  kV  and 
enters  a  region  of  a  uniform  magnetic  field  of  0.1 
T  at  an  angle  of  30°  with  the  field.  Take  the  mass 
of  an  electron  =  9  x  10~31  kg.  The  trajectory  of  the 
electron  is  a 

(a)  circle  of  radius  1.6  mm 

(b)  circle  of  radius  0.9  mm 

(c)  helix  of  radius  0.9  mm 

(d)  helix  of  radius  1.6  mm 

16.  In  the  region  around  a  charge  at  rest,  there  is 

(a)  electric  field  only 

(b)  magnetic  field  only 
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(c)  neither  electric  nor  magnetic  field 

(d)  electric  as  well  as  magnetic  field. 

17.  In  the  region  around  a  moving  charge,  there  is 

(a)  electric  field  only 

(b)  magnetic  field  only 

(c)  neither  electric  nor  magnetic  field 

(d)  electric  as  well  as  magnetic  field. 

18.  An  electron  is  accelerated  to  a  high  speed  down  the 
axis  of  a  cathode  ray  tube  by  the  application  of  a 
potential  difference  of  V  volts  between  the  cathode 
and  the  anode.  The  particle  then  passes  through 
a  uniform  transverse  magnetic  field  in  which  it 
experiences  a  force  F.  If  the  potential  difference 
between  the  anode  and  the  cathode  is  increased  to  2 
V,  the  electron  will  now  experience  a  force 

(a)  FI  4. 2  (b)  Ft. 2 

(c)  42  F  (d)  2  F 

19.  A  magnetic  needle  is  kept  in  a  non-uniform 
magnetic  field.  It  experiences 

(a)  a  force  as  well  as  a  torque 

(b)  a  force  but  no  torque 

(c)  a  torque  but  no  force 

(d)  neither  a  force  nor  a  torque. 

20.  A  conducting  circular  loop  of  radius  r  carries  a  con¬ 
stant  i.  It  is  placed  in  a  uniform  magnetic  field  B 
such  that  B  is  perpendicular  to  the  plane  of  the  loop. 
The  magnetic  force  acting  on  the  loop  is 

(a)  i  rB  (b)  2  n  i  r  B 

(c)  zero  (d)  n  i  r  B 


I  4 


<  IIT,  1983 

21.  A  rectangular  loop  carrying  a  current  i  is  situated 
near  a  long  straight  wire  such  that  the  wire  is  paral¬ 
lel  to  one  of  the  sides 
of  the  loop.  If  a 
steady  current  /  is  es¬ 
tablished  in  the  wire, 
as  shown  in  Fig. 

24.48,  the  loop  will 

(a)  rotate  about  an 
axis  parallel  to 
the  wire 

(b)  move  away 
from  the  wire 

(c)  move  towards 
the  wire 

(d)  remain  stationary. 

22.  A  wire  of  length  /  metres  carrying  a  current  /  am¬ 
peres  is  bent  in  the  fonn  of  a  circle.  The  magnitude 
of  the  magnetic  moment  is 


Fig.  24.48 


(a) 


II2 

2k 


(b) 


II2 

4k 


(d) 


l2  I 
4k 


23.  Two  circular  current  carrying  coils  of  radii  3  cm  and 
6  cm  are  each  equivalent  to  a  magnetic  dipole  hav¬ 
ing  equal  magnetic  moments.  The  currents  through 
the  coils  are  in  the  ratio  of 

(a)  42  :  1  (b)  2  :  1 

(c)  2  42  :  1  (d)  4  :  1 

24.  An  electron  of  charge  e  moves  in  a  circular  orbit 
of  radius  r  around  a  nucleus.  The  magnetic  field 
due  to  orbital  motion  of  the  electron  at  the  site  of 
the  nucleus  is  B.  The  angular  velocity  co  of  the 
electron  is 


(a)  co  = 


2 /J.Q  eB 
4k  r 


(b)  co  = 


BpeB 
K  r 


(c)  co  = 


4k  rB 

Foe 


(d)  co  = 


2  k  r  B 

Boe 


25.  Three  long,  straight  and  parallel  wires  C,  D  and 
G  carrying  currents  are  arranged  as  shown  in 
Fig.  24.49.  The  force  experienced  by  a  25  cm  length 
of  wire  C  is 


(a) 

(c) 


0.4  N 
4  x  10~3  N 


(b)  0.04  N 


(d)  4  x  10~4  N 


30  A 


10  A 


3  cm 


10  cm 


A  20  A 


Fig.  24.49 

26.  A  potential  difference  of  600  V  is  applied  across  the 
plates  of  a  parallel  plate  capacitor.  The  separation 
between  the  plates  is  3  mm.  An  electron  projected 
vertically,  parallel  to  the  plates,  with  a  velocity  of 
2  x  106  ms-1  moves  undeflected  between  the 
plates.  What  is  the  magnitude  of  the  magnetic  field 
between  the  capacitor  plates? 

(a)  0.1  T  (b)  0.2  T 

(c)  0.3  T  (d)  0.4  T 

27.  A  current  /  flows  along  the  length  of  an  infinitely 
long,  straight,  thin  walled  pipe.  Then 

(a)  the  magnetic  field  at  all  points  inside  the  pipe 
is  the  same  but  not  zero. 
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(b)  the  magnetic  field  at  any  point  inside  the  pipe 
is  zero. 

(c)  the  magnetic  field  is  zero  only  on  the  axis  of 
the  pipe. 

(d)  the  magnetic  field  is  different  a  different 
points  inside  the  pipe. 

<  IIT,  1993 

28.  Two  straight  and  long  conductors  AOB  and  COD 
are  perpendicular  to  each  other  and  carry  currents 
of /[  and  I2.  The  magnitude  of  the  magnetic  field  at 
a  point  P  at  a  distance  a  from  point  O  in  a  direction 
perpendicular  to  the  plane  ABCD  is 


(a) 

Mo 

2na 

(/,  +  h) 

(b) 

Mo 

2  na 

<7i  -  h) 

(c) 

Mo 

(A  +  A)1/2 

(d) 

Mo 

hh 

2na 

2na 

ih+h) 

29.  If  a  magnetic  dipole  of  dipole  moment  Mis  rotated 
through  an  angle  0  with  respect  to  the  direction  of 
the  field  H ,  then  the  work  done  is 

(a)  MH  sin  0  (b)  MH  (1  -  sin  6) 

(c)  MH  cos  G  (d)  MH  (1  —  cos  d) 

30.  A  2  MeV  proton  is  moving  perpendicular  to  a 
uniform  magnetic  field  of  2.5  T.  The  force  on  the 
proton  is 

(a)  2.5  x  1(T10  N  (b)  8  X  ltT11  N 

(c)  2.5  x  ltT11  N  (d)  8  x  1(T12  N 

31.  A  straight  section  PQ  of  a  circuit  lies  along  the 

.  _  a  a 

x-axis  from  x  = - to  x  =  —  and  carries  a  current 

2  2 

I.  The  magnetic  field  due  to  the  section  PQ  at  point 
x  =  +  a  will  be 

(a)  proportional  to  a  (b)  proportional  to  a 2 

(c)  proportional  to  —  (d)  equal  to  zero. 

a 

32.  Two  charged  particles  M  and  N  enter  a  region  of 
uniform  magnetic  field  with  velocities  perpendicu¬ 
lar  to  the  field.  The  paths  of  particles  are  shown  in 
Fig.  24.50.  The  possible  reason  is 

(a)  The  charge  of  M  is  greater  than  that  of  N 

(b)  The  momentum  of  M  is  greater  than  that  of  N 

(c)  The  charge  to 
mass  ratio  of  M 
is  greater  than 
that  of  A 

(d)  The  speed  of  M 
is  greater  than 
that  of  A. 

33.  The  monoener- 
getic  beam  of  elec¬ 
trons  moving  along 


X  X  X  X  X  X 


+  y  direction  enters  a  region  of  uniform  electric 
and  magnetic  fields.  If  the  beam  goes  straight 
undeflected,  then  fields  B  and  E  are  directed 
respectively  along 

(a)  —  y  axis  and  —  z  axis 

(b)  +  z  axis  and  +  x  axis 

(c)  +  x  axis  and  +  z  axis 

(d)  -  x  axis  and  -  y  axis 

34.  A  proton  of  mass  1.67  x  1(T27  kg  and  charge 
1.6  x  1(T19  C  is  projected  with  a  speed  of  2  x  106 
ms-1  at  an  angle  of  60°  to  the  x-axis.  If  a  uniform 
magnetic  field  of  0.104  T  is  applied  along  the 
y-axis,  the  path  of  the  proton  is 

(a)  a  circle  of  radius  0.1  m  and  time  period 
2n  x  10-7s 

(b)  a  circle  of  radius  0.2  m  and  time  period 
n  x  1 (T7  s 

(c)  a  helix  of  radius  0.1  m  and  time  period 
2  n  x  10-7s 

(d)  a  helix  of  radius  0.2  m  and  time  period 
\n  x  10-7s 

<  IIT,  1995 

35.  A  proton,  a  deuteron  and  an  alpha  particle  having 
the  same  kinetic  energy  are  moving  in  circular  tra¬ 
jectories  in  a  constant  magnetic  field.  If  r  ,  rd  and  ra 
denote  respectively  the  radii  of  trajectories  of  these 
particles,  then 

(a)  ra  =  rP<rd  (b)  ra  >  rd>  rp 

(c)  ra  =  rd>  rp  (d)  rP  =  rd=  ra 

<  IIT,  1997 

36.  Two  particles  each  of  mass  m  and  charge  q,  are 
attached  to  the  two  ends  of  a  light  rigid  rod  of 
length  21.  The  rod  is  rotated  at  a  constant  angular 
speed  about  a  perpendicular  axis  passing  through 
its  centre.  The  ratio  of  the  magnitudes  of  the 
magnetic  moment  of  the  system  and  its  angular 
momentum  about  the  centre  of  the  rod  is 


(a) 

q 

(b)  « 

2  m 

m 

(c) 

2  q 

(d) 

m 

n  m 

<  IIT,  1998 

37.  Two  very  long  straight  parallel  wires  carry  steady 
currents  /  and  - 1.  The  distance  between  the  wires 
is  d.  At  a  certain  instant  of  time,  a  point  charge  q 
is  at  a  point  equidistant  from  the  two  wires,  in  the 
plane  of  the  wires.  Its  instantaneous  velocity  v  is 
perpendicular  to  this  plane.  The  magnitude  of  the 
force  due  to  the  magnetic  field  acting  on  the  charge 
at  this  instant  is 


(a) 


Mo  Iclv 


(b) 


Mo  iqv 
nd 


Fig.  24.50 


2nd 
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(C) 

ncl 


(d)  zero 


<  IIT,  1998 

38.  A  charged  particle  is  released  from  rest  in  a  region 
of  steady  and  uniform  electric  and  magnetic  fields 
which  are  parallel  to  each  other.  The  particle  will 
move  in  a 

(a)  straight  line  (b)  circle 

(c)  helix  (d)  cycloid 

<  IIT,  1999 

39.  An  ionized  gas  contains  both  positive  and  negative 
ions.  If  it  is  subjected  simultaneously  to  an  electric 
field  along  the  +  x  direction  and  a  magnetic  field 
along  the  +  z  direction,  then 

(a)  positive  ions  deflect  towards  +  y  direction 
and  negative  ions  towards  -  y  direction 

(b)  all  ions  deflect  towards  +  y  direction 

(c)  all  ions  deflect  towards  -  y  direction 

(d)  positive  ions  deflect  towards  -y  direction  and 
negative  ions  towards  +  y  direction 

<  IIT,  2000 

40.  Two  long  parallel  wires  are  at  a  distance  2 d  apart. 
They  carry  steady  equal  currents  flowing  out  of  the 
plane  of  the  paper,  as  shown  in  Fig.  24.51.  The 
variation  of  the  magnetic  field  B  along  the  line  XX 
is  given  by 

<  IIT,  2000 


41.  An  electron  moves  with  a  speed  of  2  x  105  ms  1 
along  the  positive  x-direction  in  a  magnetic  field  B 

AAA 

=  (i  —  4j  —  3k)  tesla.  The  magnitude  of  the  force 
(in  newton)  experienced  by  the  electron  is  (the 
charge  on  electron  =  1.6  x  10~19  C) 

(a)  1.18  x  10-13  (b)  1.28  x  10~13 

(c)  1.6  x  10~13  (d)  1.72  x  10-13 


42.  An  electron  revolves  in  a  circle  of  radius  0.4  A  with 
a  speed  of  106  m/s  in  Flydrogen  atom.  The  magnetic 
field  produced  at  the  centre  of  the  orbit  due  to  the 
motion  of  the  electron  in  tesla  is  [/ u0  =  An  x  10~7 
Fl/m;  Charge  on  the  electron  =  1.6  x  10~19  C] 

(a)  0.1  (b)  1.0 

(c)  10  (d)  100 

A  A 

43.  A  proton  of  velocity  (3i  +  2j)  ms-1  enters  a  field  of 

A  A 

magnetic  induction  (2j+3k)  tesla.  The  accelera¬ 
tion  produced  in  the  proton  is  (charge  to  mass  ratio 
of  proton  =  0.96  x  108  C  kg-1) 

(a)  2.8  x  108  (2  i-3  j) 

(b)  2.88  x  108  (2  i-3  j  +  2k) 

(c)  2.8  x  108  (2  i  +  3  k) 

(d)  2.88  x  108  (i-3 j  +  2k) 

44.  A  long  wire  carries  a  steady  current.  It  is  bent  into 
a  circular  loop  of  one  turn  and  the  magnetic  field 
at  the  centre  of  the  loop  is  B.  The  wire  is  then  bent 
into  a  circular  coil  of  n  turns  and  the  same  current 
is  passed  through  it.  The  magnetic  field  at  the  centre 
of  coil  will  be 

(a)  nB  (b)  n2B 

(c)  2 nB  (d)  2 n2B 

45.  The  magnetic  field  due  to  a  current  carrying 

circular  loop  of  radius  3  cm  at  a  point  on  its  axis  at  a 
distance  of  4  cm  from  the  centre  is  54  pT.  The  mag¬ 
netic  field  (in  pT)  at  the  centre  of  the  loop  will  be 

(a)  250  (b)  150 

(c)  125  (d)  72 

46.  A  wire  ABCDEF  (with  each  side  of  length  L)  bent 
as  shown  in  Fig.  24.52  and  carrying  a  current  /  is 
placed  in  a  uniform  magnetic  field  B  parallel  to 
the  positive}-  direction.  What  is  the  magnitude  and 
direction  of  the  force  experienced  by  the  wire? 
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(b)  BI2/L  along  positive  z-direction 

(c)  BIL  along  negative  z-direction 

(d)  BLII  along  negative  z-direction 

47.  A  pair  of  stationary  and  infinitely  long  bent  wires 
are  placed  in  the  x-y  plane  as  shown  in  Fig.  24.53. 
The  wires  carry  a  current  /  =  10  A  each  as  shown. 
The  segments  RL  and  SM  are  along  the  x-axis.  The 
segments  PR  and  OS  are  along  the  y-axis,  such 
that  OS  =  OR  =  0.02  m.  What  is  the  magnitude  and 
direction  of  the  magnetic  induction  at  the  origin  01 

(a)  100  Wb  m  2  vertically  upward 

(b)  1 0  1  Wb  m  2  vertically  downward 

(c)  1 0  1  Wb  m  2  vertically  upward 

(d)  1 0  2  Wb  m  2  vertically  downward 

<  IIT,  1989 
Q 

/ 


O  S 


M 


Fig.  24.53 

48.  A  particle  of  charge  q  and  mass  m  moves  in  a 
circular  orbit  of  radius  r  with  angular  speed  co.  The 
ratio  of  the  magnitude  of  its  magnetic  moment  to 
that  of  its  angular  momentum  depends  on 

(a)  co  and  q  (b)  OX  q  and  m 

(c)  q  and  m  (d)  co  and  m 

<  IIT,  2000 

49.  Two  long  parallel  wires  P  and  Q  are  held  perpen¬ 
dicular  to  the  plane  of  the  paper  at  a  separation  of 
5  m.  If  P  and  Q  carry  currents  of  2.5  A  and  5  A  re¬ 
spectively  in  the  same  direction,  then  the  magnetic 
field  at  a  point  mid-way  between  P  and  Q  is 


(a)  ^ 


Po_ 

(b) 

n 

n 

(d) 

3A*o 

2n 

2k 

(c) 


50.  A  proton  of  mass  m  and  charge  +e  is  moving  in 
a  circular  orbit  in  a  magnetic  field  with  energy  1 
MeV.  What  should  be  the  energy  of  an  a-particle 
(mass  4  m  and  charge  +  2e )  so  that  it  revolves  in  a 
circular  orbit  of  the  same  radius  in  the  same  mag¬ 
netic  field? 


(a)  1  MeV  (b)  2  MeV 

(c)  4  MeV  (d)  0.5  MeV 

51.  A  loosely  wound  helix  made  of  stiff  wire  is 
mounted  vertically  with  the  lower  end  just  touch¬ 
ing  a  dish  of  mercury.  When  a  current  from  the 
battery  is  started  in  the  coil  through  the  mercury 

(a)  the  wire  oscillates 

(b)  the  wire  continues  making  contact 

(c)  the  wire  breaks  contact  just  when  the  current 
is  passed 

(d)  the  mercury  will  expand  by  heating  due  to 
passage  of  current. 


<  IIT,  1981 

52.  A  non-planar  loop  of  conducting  wire  carrying  a 
current  is  placed  as  shown  in  Fig.  24.54.  Each  of  the 
straight  sections  of  the  loop  is  of  length  2a.  The 
magnetic  field  due  to  this  loop  at  the  point 
P(a,  0,  a)  points  in  the 
direction 

1 


(b)  -7=  -j  +  k  +  i 


(a)  ^|-j  +  k 

2 

V3 

2 

V3 

2 

V2 


(c)  i  +  J  +  k 


(d)  i  +  k 


2  a 


Fig.  24.54 


<  IIT,  2001 

53.  Two  particles  A  and  B  of  masses  mA  and  mB  respec¬ 
tively  and  having  the  same  charge  are  moving  in  a 
plane.  A  uniform  magnetic 
field  exists  perpendicular  to 
this  plane.  The  speeds  of 
the  particles  are  vA  and  vB 
respectively  and  the  trajec¬ 
tories  are  as  shown  in  Fig. 

24.55.  Then 

(a)  uA  <  mB  vB 

(b)  mA  vA  >  m B  vB 

(c)  mA  <  mB  and  vA  <  vB 

(d)  mA  =  mB  and  vA  =  vB 

54.  A  coil  having  N  turns  is  wound  tightly  in  the  form 
of  a  spiral  with  inner  and  outer  radii  a  and  b  respec¬ 
tively.  When  a  current  /  passes  through  the  coil,  the 
magnetic  field  at  the  centre  is 


Fig.  23.55 


<  IIT,  2003 


(a) 


Po  N1 
b 


(b) 


2Po  NI 
a 
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<0  -''AL  i„f 

2{b  —  a)  a 


«i) 

2  (b  —  a)  b 


<  IIT,  2001 

55.  A  particle  of  mass  m  and  charge  q  moves  with  a 
constant  velocity  v  along  the  positive  x  direction.  It 
enters  a  region  containing  a  uniform  magnetic  field 
B  directed  along  the  negative  z  direction,  extend¬ 
ing  from  x  =  a  to  x  =  b.  The  minimum  value  of  v 
required  so  that  the  particle  can  just  enter  the  region 
x>  b  is 

(a)  qbB/m  (b)  q(b  —  a)B/m 

(c)  qaB/m  (d)  q(b  +  d)BI2m 

<  IIT,  2002 

56.  Which  pattern  shown  in  Fig.  24.56  correctly  repre¬ 
sents  the  magnetic  field  lines  due  to  bar  magnet? 


Fig.  24.56 

57.  An  electron  is  moving  in  the  x-y  plane  along  the 
positive  x-axis.  There  is  a  sudden  change  in  its 
path  due  to  the  presence  of  electric  and/or  mag¬ 
netic  fields  beyond  P  as  shown  in  Fig.  24.57.  The 
curved  path  lies  in  the  x-y  plane  and  is  found  to  be 
non-circular.  Which  of  the  following  combinations 
is  possible? 
y 


Fig.  24.57 

(a)  E  =  0;  B  =  bi  +  ck 


(b)  E  =  ui;B  =  ck  +  M 

(c)  E  =  0;  B  =  c  j  +  6  k 

(d)  E  =  a  i ;  B  =  ck  +  6 j 

<  IIT,  2003 

58.  A  magnetized  wire  of  magnetic  moment  Mis  bent 
into  an  arc  of  a  circle  that  subtends  an  angle  of  60° 
at  the  centre.  The  equivalent  magnetic  moment  is 


(a) 

M 

(b) 

2  M 

n 

n 

(c) 

3  M 

(d) 

AM 

n 

n 

59.  Two  straight  infinitely  long  and  thin  parallel  wires 
are  held  0. 1  m  apart  and  carry  a  current  of  5  A  each 
in  the  same  direction.  The  magnitude  of  the  mag¬ 
netic  field  at  a  point  distant  0.1  m  from  both  wires 
is 


(a)  10~5  T 
(c)  V3  x  10~5  T 


(b)  42  x  10~5  T 
(d)  2  x  10~5  T 


60.  A  proton  moving  with  a  speed  u  along  the  positive 
x-axis  enters  aty  =  0  a  region  of  uniform  magnetic 

A 

field  B  =  B0  k  which  exists  to  the  right  of  y-axis  as 
shown  in  Fig.  24.58.  The  proton  leaves  the  region 
after  some  time  with  a  speed  v  at  co-ordinate  y. 
Then 

(a)  v  >  u,  y  <  0  (b)  v  =  u,  y  >  0 

(c)  v  >  u,  y  >  0  (d)  v  =  u,  y  <  0 

y 


+q. 


/ 


B  (out  of  page) 


©  © 
©  © 
©  © 


Fig.  24.58 

<  IIT,  2004 

61.  A  particle  of  charge  q  moves  with  a  velocity  v  = 

A  A  A 

a  i  in  a  magnetic  field  B  =  b  j  +  c  k  where  a,  b 
and  c  are  constants.  The  magnitude  of  the  force 
experienced  by  the  particle  is 
(a)  zero  (b)  qa{b  +  c) 

(c)  qa(b2  -  c2)m  (d)  qa(b2  +  c2)m 

62.  A  current  /  is  flowing  through  the  sides  of  an  equi¬ 
lateral  triangle  of  side  a.  The  magnitude  of  the  mag¬ 
netic  field  at  the  centroid  of  the  triangle  is 

W  9^0/ 


(a) 


2na 


(b) 


2na 
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3V3/V 


(d)  zero 


63.  A  particle  of  mass  m  and  charge  q,  accelerated  by  a 
potential  difference  V  enters  a  region  of  a  uniform 
transverse  magnetic  field  B.  If  d  is  the  thickness  of 
the  region  of  B,  the  angle  9  through  which  the  par¬ 
ticle  deviates  from  the  initial  direction  on  leaving 
the  region  is  given  by 


(a)  sin  6  =  Bd 


(b)  cos  9  =  Bd 


(c)  tan  9  =  Bd 


(d)  cot  9  =  Bd 


64.  A  metal  wire  of  mass  m  slides  without  friction  on 
two  rails  spaced  at  a  distance  d  apart.  The  track 
lies  in  a  vertical  uniform  magnetic  field  B.  A  con¬ 
stant  current  /  flows  along  one  rail,  across  the  wire 
and  back  down  the  other  rail.  If  the  wire  is  initially 
at  rest,  the  time  taken  by  it  to  move  through  a 
distance  x  along  the  track  is 


,  ,  Bid 
(a) ' = 


(c)  I- 


/1  \  2xm 

(b)  t  ~  .  - 

V  Bid 


(d)  t  = 


65.  A  particle  of  charge  q  and  mass  m  is  released  from 

A 

the  origin  with  a  velocity  v  =  a  i  in  a  uniform  mag- 

A 

netic  field  B  =  b  k  .  The  particle  will  cross  the  y-axis 
at  a  point  whose  y-coordinate  is 


.  .  ma 

(a)  y  =  — 

qb 


(b)  y  = 


/  .  ma 

(c)  y  = - - 

qb 


(d)  y  =  - 


66.  A  thin  wire  loop  carrying  a  current  /  is  placed  in  a 
uniform  magnetic  field  B  pointing  out  of  the  plane 
of  the  coil  as  shown  in  Fig.  24.59.  The  loop  will 
tend  to 

(a)  move  towards  positive  x-direction 

(b)  move  towards  negative  y-direction 

(c)  contract 

(d)  expand 


y 


Fig.  24.59 

67.  Which  of  the  field  patterns  given  in  Fig.  24.60  is 
valid  for  electric  field  as  well  as  for  magnetic  field? 


Fig.  24.60 

<  IIT,  2011 

68.  A  long  insulated  copper  wire  is  closely  wound  as 
a  spiral  of  ‘N’  turns.  The  spiral  has  inner  radius  ‘a’ 
and  outer  radius  ‘b’.  The  spiral  lies  in  the  XY plane 
and  a  steady  current  ‘/’  flows  through  the  wire.  The 
Z-component  of  the  magnetic  field  at  the  centre  of 
the  spiral  is  [see  Fig.  24.61] 


(a) 


BqNI 
2  (b  -  a) 


In 


(b) 


BoNI  ln(/j  +  fl) 

2  (b-a)  \b  —  a) 


(c) 


/VWm 

2b 


(d) 


2b  \b-al 


<  IIT,  2011 


Fig.  24.61 


Magnetic  Effect  of  Current  and  Magnetism  24.23 


ANSWERS 


1. 

(d) 

2. 

(a) 

7. 

(c) 

8. 

(a) 

13. 

(b) 

14. 

(d) 

19. 

(a) 

20. 

(c) 

25. 

(d) 

26. 

(a) 

31. 

(d) 

32. 

(c) 

37. 

(d) 

38. 

(a) 

43. 

(b) 

44. 

(b) 

49. 

(c) 

50. 

(a) 

55. 

(b) 

56. 

(d) 

61. 

(d) 

62. 

(b) 

67. 

(c) 

68. 

(a) 

3. 

(c) 

4. 

(c) 

9. 

(d) 

10. 

(c) 

15. 

(c) 

16. 

(a) 

21. 

(c) 

22. 

(d) 

27. 

(b) 

28. 

(c) 

33. 

(c) 

34. 

(C) 

39. 

(c) 

40. 

(b) 

45. 

(a) 

46. 

(a) 

51. 

(a) 

52. 

(d) 

57. 

(b) 

58. 

(c) 

63. 

(a) 

64. 

(b) 

5. 

(c) 

6. 

(d) 

11. 

(c) 

12. 

(c) 

17. 

(d) 

18. 

(c) 

23. 

(d) 

24. 

(C) 

29. 

(d) 

30. 

(d) 

35. 

(a) 

36. 

(a) 

41. 

(c) 

42. 

(c) 

47. 

(c) 

48. 

(c) 

53. 

(b) 

54. 

(C) 

59. 

(c) 

60. 

(d) 

65. 

(d) 

66. 

(C) 

SOLUTIONS 


B2 

1.  -  =  magnetic  energy  density.  Therefore 

2Bo 


~B2 1  _  energy  _  [ML2T-2] 
Jl10  volume  [L3] 

RC  =  time  constant  =  [T] 


[ML-1  T~2] 


=  [ML^1  T~2]  X  [T]  =  [ML-1  T-1],  which 

are  the  dimensions  of  viscosity. 

2.  The  magnitude  the  magnetic  field  is  at  the  surface 
of  the  wire  and  is  given  by 


B2RC 

Bo 


B  = 


2nR 


(1) 


R  =  1  mm  =  1  X  1 0  m,  ji{)  =  4zr  x  1 0  7  Hm  1  and 
B  =  2  x  10  3  T.  Using  these  values  in  Eq.  (1),  we 
get  /=  10  A. 

2 nmv  cos30c 


3.  Pitch  x  = 


Radius  r  = 


qB 

mv  sin  60° 
qB 


2k mv  V3 
qB  2 

mv 


2  qB 


(1) 


(2) 


From  Eqs.  (1)  and  (2),  we  get  r 
choice  (c). 


— 7= — ,  which  is 
2V3  n 


4.  Since  the  magnetic  field  due  to  wire  CD  is  non- 
uniform,  wire  AB  will  experience  as  force  as  well 
as  a  torque.  Elence  it  will  have  both  translational  as 
well  as  rotational  motions. 

5.  Refer  to  the  Fig.  24.62. 

Magnetic  field  at  point  R  in  Fig.  (a)  is  given  by 

B  =  (sin  a  +  sin  a)  (1) 

4  nr 


P 


(a) 


P  L  R 


Fig.  24.62 

In  Fig.  (b),  r  =  L,  a  =  0°  and  /3  =  45°.  Using  these 
in  Eq.  (1),  we  find  that  the  correct  choice  is  (c). 

6.  Figure  24.63  shows  the  cross-sectional  view  of  the 
rod.  From  Fleming  left-hand  rule,  the  magnetic 
force  F  acting  on  the  rod  is  directed  to  the  right 
and  is  given  by  F  =  B  I L.  Since  the  rod  moves  with 
a  constant  velocity,  no  net  force  acts  on  it.  Hence 
the  components  of  Mg  and  F  parallel  to  the  inclined 
plane  must  balance,  i.e. 


or  B  I  L  cos  0  =  Mg  sin  0 

„  Mg  tan  6 
or  B  =  — 5 - 


IL 
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Putting  6  =  30°,  we  get  B  = 

(d). 


Mg 
V3 IL 


,  which  is  choice 


7.  Magnetic  field  due  to  a  complete  circular  loop  at  its 
centre  is 


B  = 


Mo  I 
2  r 


/.  Magnetic  field  due  to  segment  ADB  at  centre  O 
is 

u  I  0 

Bx  =  M—  x  —  directed  out  of  the  page. 
2r  2n 

Magnetic  field  due  to  segment  ACB  at  centre  O  is 

directed  into  the  page 


2£-8 
2  r  l  2k 


Net  magnetic  field  at  O  is 
B  =  B2  —  Bx 

=  (n  -  6)  directed  into  the  page. 
2  nr 

Putting  0  =  60°  =  — ,  we  get  B  =  — -  . 

3  3  r 


8.  The  magnitude  of  magnetic  induction  due  to  a 
circular  loop  of  radius  R  carrying  a  current  /  is 

given  by  B  = 

2  R 

The  field  due  to  semi-circular  loop  is  given  by 
B- 

42! 


The  direction  of  B  is  normal  to  the  plane  of  the 
loop.  Since  the  current  in  the  bigger  loop  is  clock¬ 
wise  and  that  in  the  smaller  loop  is  anticlockwise 
(see  Fig.  24.46),  the  fields  produced  by  them  at 
centre  C  are  in  opposite  directions.  Therefore,  the 
magnetic  induction  at  the  centre  is  given  by 


B  ~  B1  —  B2 


4  U  R2) 


The  wires  PQ  and  SR  do  not  produce  any  field  at 
the  centre  C.  Hence  the  correct  choice  is  (a). 

9.  Refer  to  Fig.  24.64.  Here  r  =  OE  =  ^  .  Referring  to 

Fig.  24.64,  the  magnetic  field  at  the  centre  O  due  to 
the  current  element  AE  is  given  by 

T  45°  T 

Bae  =  -  [  sin  0  do  =  I  cos  G 

4 nr  J  4 nr 


=  450  _  cos  90°) 

4  nr 


Fig.  24.64 

It  is  clear  that  the  magnetic  field  at  O  due  to  current 
element  DE  is  the  same  as  that  due  to  AE.  Hence, 
the  magnetic  field  at  O  due  to  one  side  AD  is 

2  n0 1  / 

dAD  .  nr  , 

4^/2  nr  4  nr 


Since  the  centre  of  the  square  is  equidistant  from 
the  ends  A,  B,  C  and  D  of  each  side  of  the  square 
and  each  side  produces  at  the  centre  O  the  same 
magnetic  field,  the  field  due  to  the  square  is  4  times 
that  due  to  one  side.  Hence  (because  r  =  LIT) 


B  ^BAD 


y^p/ 

nr 


2>/2  n0 1 
nL 


Hence  the  correct  choice  is  (d). 

10.  Let  the  masses  of  X  and  Y  be  mi  and  m2  and  let 
their  velocities  after  being  accelerated  be  v  {  and  v2 
respectively.  Since  the  particles  have  equal  charges 
and  have  been  accelerated  through  the  same  poten¬ 
tial  difference,  their  kinetic  energies  are  equal,  i.e. 


In  a  uniform  magnetic  field  B,  the  radii  of  the 
circular  paths  are  given  by 


777,  V 


R\ 


=  qBv  j  or  qB  = 


777,17, 


1^1 


and 


nhv2 

R, 


=  qBv 2  or  qB  = 


m2v2 


Rk 


Therefore 


m,v 


\ui  _ 


777oZ7 


2  u2 


Ri 


Rn 


or 


ml  vl 

r} 


m\v\ 

Rn 
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But  m]v  \  =  m2v Therefore,  we  have 


mx 

m2 


v^2  y 


2 


Hence  the  correct  choice  is  (c). 

11.  The  magnitude  of  the  magnetic  field  at  the  cen¬ 
tre  due  to  each  coil  is  B.  Since  the  planes  of  the 
coils  are  at  right  angles  to  each  other,  the  directions 
of  the  fields  will  be  at  right  angles  to  each  other. 

Therefore,  the  resultant  field  is  Br  =  -^B2  +  B 2 
=  V2  B 

Hence  the  correct  choice  is  (c). 

12.  Since  the  force  exerted  by  the  magnetic  field  is  per¬ 
pendicular  to  the  direction  of  motion  of  the  parti¬ 
cle,  the  speed  of  the  particle  cannot  change  but  its 
velocity  changes.  Hence  the  correct  choice  is  (c). 

13.  The  radius  of  the  circular  orbit  is  given  by 

JlmK 

r  =  — - 

qB 

The  charge  of  an  a-particle  is  twice  that  of  a  pro¬ 
ton  and  its  mass  is  four  times  the  mass  of  a  proton. 
Therefore  -Jm  q  is  the  same  for  both.  Hence  r  will 
the  same  for  both  particles.  Thus  the  correct  choice 
is  (b). 

14.  The  cyclotron  frequency  is  given  by 


2  n  m 


It  is  independent  of  the  speed  of  the  particle  and 
the  radius  of  its  circular  path.  Now  v  °c  qhn.  The 
charge  of  a  proton  is  half  that  of  an  a-particle  and 
the  mass  of  a  proton  is  one-fourth.  Therefore,  vwill 
be  doubled.  Hence  the  correct  choice  is  (d). 

15.  V  =  2.88  x  10 3  V.  The  velocity  of  the  electron  is 
given  by 


1  2 

—  m v  =  eV 
2 


f  2  x  1.6  x  10-19  x  2.88  x  103  ^ 
v  9xl0“31  , 

^2  x  1.6  x  1(T19  x  2.88  x  103  7 
,  9  x  10~31  , 

=  3.2  x  10 7  ms-1 


1/2 


1/2 


If  the  field  makes  an  angle  0  with  the  velocity  v, 
thenr/±  =  v  sin  0and  vn=v  cos  0.  The  electron  has 
two  motions:  a  linear  motion  parallel  to  magnetic 


field  and  a  circular  motion  in  a  plane  perpendicular 
to  the  field.  Hence  the  trajectory  of  the  electron  is  a 
helix  whose  radius  is 

invsmO  9  x  10-31  x  3.2  x  107  x  sin  30° 
eB  ~  1.6  x  10-19  x  0.1 

=  9  X  10~4  m  =  0.9  mm 


Hence  the  correct  choice  is  (c). 

16.  The  correct  choice  is  (a). 

17.  The  correct  choice  is  (d). 

18.  The  velocity  when  the  potential  difference  is  V is 

and  force  F  =  e  v  B 


When  the  potential  difference  is  doubled,  i.e. 
V'  =  2V,  the  velocity  is 


2ex2V 


777 


V2  V 


Force  F'  =  ev'B  =  V2  evB  =  V2  F.  Hence 
the  correct  choice  is  (c). 

19.  The  correct  choice  is  (a). 

20.  The  correct  choice  is  (c)  because  the  magnetic  field 
produced  by  the  current  in  the  loop  and  the  external 
magnetic  field  are  along  the  same  direction. 

21.  Referring  to  Fig.  24.65,  the  forces  acting  on  arms 
BC  and  AD  are  equal  and  opposite.  The  force  on 
arm  AB  is  given  by 

F  =  e°LL 

1  2n  a 

which  is  directed  towards  the  wire.  The  force  on 
arm  CD  is  given  by 

F  _  /Vj 

2n(a  +  b) 

which  is  directed  away  from  the  wire.  Since 
Fi>  F2,  the  loop  will  move  towards  the  wire.  Hence 
the  correct  choice  is  (c). 


1  I 


a 


B  i  C 

1 - > - 1 


-< 


A 


D 


I 

I 

I 

1 


Fig.  24.65 
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22.  Magnetic  moment  m  =  A I  =  nr  I,  where  r  is  the 
radius  of  the  circular  loop.  Now,  the  circumference 
of  the  circle  =  length  of  the  wire,  i.e. 

/2 


2 nr  =  I  or  r"  = 


V 


Therefore,  m  =  nr  I  = 


An1 
nl2 1 


l2 1 


An  An 

which  is  choice  (d). 

23.  Magnetic  moment  m  =  IA=  Inr2. 

m  =  Ixnr\  =  I2nr22 

A  =  i  =  (6-  ,'.4 


Hence  the  correct  choice  is  (d). 

24.  An  electron  moving  in  a  circular  orbit  is  equivalent 
to  a  current  carrying  loop.  As  explained  above,  the 
current  is 

,  e 

T 

where  T  is  the  time  period  of  the  motion  of  the 
electron  around  the  nucleus.  If  v  is  the  speed  of  the 
electron, 

2nr 


T  = 


v 


(y  v  =  rod) 


I  _  ev  _eco 
2  nr  2n 

Now,  the  magnetic  field  at  the  centre  of  the  loop  is 


B  = 


Bo  I  _  Boe® 


or  co  = 


AnrB 


2  r  A  nr  fi0e 

Hence  the  correct  choice  is  (c). 

25.  The  magnetic  field  due  to  wire  D  at  wire  C  is 

^  21 


Bd  = 


Bo_ 

An 


10“7  x2x30 


0.03 


=  2  x  10“4  T 


which  is  directed  into  the  page. 
Similarly,  the  field  due  to  wire  G  at  C  is 

10“7  x2x20 


Bg  = 


0.1 


=  0.4  x  10“4  T 


which  is  directed  out  of  the  page. 

Therefore,  the  field  at  the  position  of  the  wire  C  is 


B  =  Br 


Bg  =  2  X  10“ 


0.4  x  10“ 


=  1.6  x  10“4T 


and  is  directed  into  the  page. 

The  force  on  25  cm  of  wire  C  is 
F  =  Bll  sin  90°  =  1.6  x  10“4  x  10  x  0.25 

=  4  x  10“4  N 


V 

26.  Electric  intensity  E  =  — 

where  V  is  the  potential  difference  between  the 
plates  and  d,  the  separation  between  them. 
d=  3  mm  =  3  x  10“3  m 


E=r  = 


600  =  2  x  105  V  m1 


d  3  x  1 0”3 

Since  the  electron  moves  undeflected  between  the 
plates,  the  force  due  to  magnetic  field  must  balance 
the  force  due  to  electric  field.  Thus 


B  ev  =  e  E  or  B  =  —  = 


E  2x10 


=  0.1  T 


v  2x10° 

27.  From  Ampere’s  law,  we  have 

j)B  dl  =  Hoi 

Since  no  current  exists  in  the  medium  (air)  inside 
the  pipe  1=0.  Hence  B  =  0.  Hence  the  correct 
choice  is  (b). 

28.  The  magnetic  field  at  point  P  due  to  current  /,  in 
conductor  AOB  is 

Bo  h 


B  i  = 


2na 


and  the  magnetic  field  at  point  P  due  to  current  I2 
in  conductor  COD  is 


B2  = 


Bo  1 2 
2na 


Since  the  two  conductors  are  perpendicular  to  each 
other,  fields  B x  and  B2  will  be  perpendicular  to  each 
other.  Therefore,  the  resultant  field  at  P  is 

B=  (B2 1  +  B2-,)m  =  (A  +  A) 1/2 
2  n  a 


Hence  the  correct  choice  is  (c). 

29.  The  work  done  is  given  by 
e 

W=  J  MH  sin  9  d  6  =  MH  |-  cos  6| 


=  MH (l  -  cos  9) 


Hence  the  correct  choice  is  (d). 

30.  The  kinetic  energy  of  proton  is 

K=  2  MeV  =  2  x  106  eV 

=  2  x  106  x  1.6  x  10“19  J  =  3.2  x  10“13  J 

.-.  -  mv2=  3.2  X  10“13 

2 

_27 

Now,  mass  of  proton  is  m  =  1 .67  x  1 0  kg.  There¬ 
fore, 
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2  2x3.2x10 

vL  = 


-13 


=  3.83  x  10 


14 


1.67  xl0“27 
or  v  =  1.96  x  107  ms-1. 

Now  force  on  proton  is 
F  =  evB 

=  1.6  x  10~19  x  1.96  x  107  x  2.5 
=  7.84  x  1(T12N 

Hence  the  closest  choice  is  (d). 

31.  The  point  x  =  +  a  lies  along  the  line  of  the  straight 
section  PQ  of  the  circuit.  Hence  the  magnetic  field 
at  point  x  =  a  is  zero. 

32.  The  radius  of  the  circular  path  of  a  particle  of  mass 
m,  charge  e  moving  with  a  speed  v  perpendicular  to 
a  magnetic  field  B  is  given  by 

mv2  (m\v 

-  =  evB  or  r  =  —  — 

r  V  e  )  B 

Thus,  r  is  inversely  proportional  to  —  ,  the 

\m) 

charge  to  mass  ratio.  Hence  the  correct  choice 
is  (c). 

33.  The  total  Lorentz  force  on  the  electron  is 

F=-e(E+vxB) 

The  electron  will  be  undeflected  if  v  1  B.  If  E 
is  along  +  z-direction,  the  force  -  e  E  will  be 
along  —  z-direction.  If  B  is  along  +  x  direction, 
force  -  e(vxB)  will  be  along  +  z  direction.  When 
eE  =  evB,  the  electron  moves  along  +  y-direction 
undeflected.  Hence  the  correct  choice  is  (c).  Thus, 
for  an  electron  moving  along  +  y  direction,  the  elec¬ 
tric  field  should  be  along  +  z  direction  and  magnetic 
field  along  +  x  direction,  then  the  electron  will  be 
undeflected. 

34.  Refer  to  the  solution  of  Q.  15.  The  correct  choice 
is  (c). 

35.  The  radius  of  the  circular  path  is  given  by 

"2  yjlmK  ,  „  1 


mv 

qB 


qB 


- ,  where,  K  =  —  mv 
2 


Thus  r 


since  K  and  B  are  the  same  for 


the  three  particles.  If  mp  is  the  mass  of  a  proton 
and  qp  its  charge,  then  md  =  2 m  and  qd  =  qp  and 
ma  =  4  m  and  qa  =  2 q  From  these  it  follows  that 


ra  =  r„  <  rd- 


36.  According  to  Ampere’s  Law,  the  magnetic  moment 
of  a  current  /  flowing  in  a  circular  path  of  area  of 
cross-section  A  is  given  by 


Pm  =  /A 

It  is  given  that  the  charge  q  is  moving  in  a  cir¬ 
cular  path  of  radius  21.  Therefore,  the  time  period 
=  2n(2I)lv.  Hence 

qv  2 

Pm  =  3T7TA  X  n(2P>~  =  <f°l 
2n(2I) 

The  angular  momentum  L  =  mv(2l).  Therefore, 

Pm  =  _qvl_  =  _q_ 

L  mv(2 1 )  2  m 

37.  Since  currents  in  the  wires  are  flowing  in  opposite 
directions,  the  magnetic  fields  due  to  the  wires  at  a 
point  equidistant  from  the  two  wires  will  be  equal 
and  opposite.  The  net  magnetic  field  at  this  point 
is  zero.  Hence  the  force  on  a  charge  at  this  point  is 
zero. 

38.  Due  to  electric  field  E,  the  force  on  a  particle  of 
charge  q  is  F  =  qE  in  the  direction  of  the  electric 
field.  Since  E  is  parallel  to  B,  the  velocity  v  of  the 
particle  is  parallel  to  B.  Hence  B  will  not  affect  the 
motion  of  the  particle  since  v  x  B  =  0.  Thus  the 
correct  choice  is  (a). 

39.  The  effect  of  the  electric  field  E  on  a  particle  of 
charge  q  is  to  impart  to  it  a  velocity  v  which  is 
proportional  to  qE,  i.e. 

A 

V  oc  qE  oc  q  E  i 

The  effect  of  the  magnetic  field  B  on  a  charge 
moving  with  a  velocity  v  is  to  exert  on  it  a  force 

F  =  q(y  XB)  oc  q  (qE  i  )  X  B  k 
Thus  F  °c  q2EB  i  xk  «  q2EB(-  j  ) 

(A  A  A  \ 

j  X  k  =  -  j)j 

Since  F  °c  q~ ,  both  positive  and  negative  ions  will 
be  deflected  towards  the  -y  direction. 

40.  The  magnetic  fields  due  to  the  currents  in  wires  1 
and  2  at  a  point  between  them  act  in  opposite  direc¬ 
tions.  But  at  a  point  to  the  left  of  wire  1  and  to  the 
right  of  wire  2,  the  magnetic  fields  act  in  the  same 
direction.  Hence  the  variation  of  magnetic  field  B 
along  the  line  XT'  is  as  shown  in  choice  (b). 

A 

41.  Given  v  =  (2  x  105  i )  ms”1.  The  force  vector  is 
given  by 

F  =  q(v  x  B) 

=  ?{2xl05ix  (i— 4  j  -3k) } 

=  2  x  105  x  q  (-4k  +  3  j) 

Therefore,  the  y  and  z  components  of  the  force  are 
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Fv  =  6  X  105  X  q 
and  F,  =  -8  x  105  x  q 

Magnitude  of  force  =  ^ ~F. f  +F 

=  q  VO 6x105)2  +(-8x105)2 
=  q  X  10  X  105 
=  1.6  X  10  19  x  10  x  105 
=  1.6  x  10~13  N,  which  is  choice  (c). 

42.  Given  r  =  0.4  A  =  0.4  x  10~10  m,  v  =  106  ms-1 
Speed  of  electron  in  the  orbit  is 

v  =  'HHIL ;  here  t  is  time  taken  by  the 

electron  to  complete  one  revolution.  Thus 

2nr  2ttx0.4x10“10  0  ,  , 

t  = -  =  - - - =  8k  x  10  1 

v  106 


„  T  e  1.6x10 
Current  I  =  -  = 


-19 


8ttx10 


-17 


=  -  x  10~3  A 
n 


Magnetic  field  at  the  centre  of  the  orbit  is 
(4ttx10~7)x-x10~3 

B=  H°_  =  - 71  -  =  10  tesla 

2  r  2xO,4xlO“10 

Hence  the  correct  choice  is  (c). 


A  A 


43.  Given  v  =  (3  i  +  2  j )  ms  and  B  =  (2  j  +  3  k  )  tesla. 
Force  experienced  by  the  proton  is 

F  =  q(v  x  B)  =  q  (3i  +  2j)  x  (2j  +  3k) 

AA  AA  AA  AA 

=  q  (6i  X  j  +  9i  x  k  +  4j  x  j  +  6j  x  k) 
=  q  (6k  -  9j  +  0  +  6i) 

AAA 

=  3 q  (2i  -  3j  +  2k)  newton 


K  3(7  AAA 

Acceleration  =  —  =  — (2  i  — 31  +  2k) 
m  m 

=  3  x  (0.96  x  108)  (2i  -  3  j  +  2k) 

=  2.88  x  108  (2i  -  3  j  +  2k)  ms-2 

Hence  the  correct  choice  is  (b). 

44.  Let  L  be  the  length  of  the  wire  and  let  R  be  the 
radius  of  the  circle  when  the  wire  is  bent  into  one 
circular  turn  and  r  be  the  radius  of  the  coil  of  n 
turns.  Then 

L  =  2nR  =  2nnr  or  R  =  nr  or  r  =  — 

n 


Now  B  =  .  Magnetic  field  at  the  centre  of  the 

2  R 

coil  of  n  turns  and  radius  r  is 


Ho nl  fanl  ji^In2  _  2n 

d  —  - = - = -  —  n  n 

2  r  2  R  /  n  2  R 

Hence  the  correct  choice  is  (b). 

45.  Given  x  =  4  cm  =  0.04  m  and  r  =  3  cm  =  0.03  m. 
The  magnetic  field  at  a  point  on  the  axis  of  the  loop 
is  given  by 


B  = 


Holr2 

2{r2  +x2)3/2 


(1) 


Magnetic  field  at  the  centre  of  the  coil  is  given  by 
Fo1 


B  o  = 


2  r 


(2) 


Dividing  ( 1)  by  (2),  we  get 
r3 


B 


(r2+x2)3/2 


Substituting  the  values  of  r  and  x,  we  get 


or 


go  125 
B  ~  27 


125  125 

B0  =  -  B  =  -  x  54  liT  =  250  uT 

0  27  27 


Hence  the  correct  choice  is  (a). 


46.  Wires  AB  and  EF  experience  no  forces  since  cur¬ 
rents  in  them  are  parallel  to  the  magnetic  field.  The 
forces  on  BC  and  DE  are  equal  in  magnitude  but  are 
directed  in  opposite  directions.  Hence  their  resul¬ 
tant  is  zero.  Only  force  acting  is  on  CD.  Hence  the 
correct  choice  is  (a). 

47.  Since  point  O  lies  along  the  segments  LR  and  SM, 
the  magnetic  field  due  to  these  segments  is  zero 
at  point  O.  As  point  O  is  close  to  R  and  S,  the  net 
magnetic  field  at  O  due  to  segments  PR  and  OS  is 


b=bp+b0=  _^_+_^_=^_(i+  n 

Q  AnRO  4k SO  An  \d  d) 


=  He (?£\ 

An\d) 


=  10~7  x 


2x10 

0.02 


1 0  4  Wb  m  2 


The  direction  of  this  field  is  vertically  upward,  i.e. 
outside  the  plane  of  the  paper.  Hence  the  correct 
choice  is  (c). 

48.  Magnetic  moment  M=  current  x  area 
charge  x  area 
time  period 
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q  x  nr  _  1 


1  2 

=  —  ci  cor  '.'co-  — 

2  \  T 


2  n 


Angular  momentum  L  =  mcor ~ 


M 

L  mcor 
is  (c). 


1  2 

-  qcor" 

2  q 

- —  =  — .  Hence  the  correct  choice 

2  2m 


49.  Magnetic  field  B  =  —  ■ 

4  n  r\  4  n  r2 

Given  7)  =  2.5  A,  I2  =  5  A  and  r{  =  r2  =  2.5  m.  Using 

Bo 

these  values,  we  get  B  = - .  The  magnitude  of  B 

2n 

is  /u0/2n.  Hence  the  correct  choice  is  (c). 
mv 

50.  For  proton:  r=  — 

eB 


For  a-particle  r'  = 


m'v'  4mv'  2mv' 


e'B  2  eB 


v 


eB 


Given  r  =  r'.  Hence  v  =  —  . 

2 

1  2 

Energy  of  proton  E  =  —  mV.  Energy  of  «- particle 
is  2 

,  1  ,  ,2  1  „  lv\2  1  2 

E  =  —  mv  —  —  X  4m  X  —  =  —  mv  =  E 

2  2  \2I  2 

Hence  E'  =  1  MeV  which  is  choice  (a). 

51.  When  a  current  is  passed  through  the  helix,  the 
neighbouring  coils  of  the  helix  attract  each  other 
due  to  which  it  contracts.  As  a  result  the  contact  is 
broken  and  the  coils  will  recover  their  original  state 
under  the  influence  of  a  restoring  force.  The  contact 
is  made  again  and  the  process  continues.  Thus  the 
wire  oscillates.  Hence  the  correct  choice  is  (a). 

52.  The  magnetic  field  due  to  the  complete  loop  shown 
in  the  figure  is  the  vector  sum  (i.e.  resultant)  of 
two  magnetic  fields:  (i)  one  due  to  the  planar  loop 
in  the  y-z  plane,  which  is  along  the  x-direction  and 
(ii)  the  other  due  to  the  planar  loop  in  the  x-y  plane, 
which  is  along  the  z-direction.  The  direction  of  the 
resultant  of  these  two  fields  is  given  by  the  vector 

A  A 

(i  +  k)  •  Hence  the  correct  choice  is  (d). 

53.  The  radius  r  of  the  circular  path  of  a  particle 
of  mass  m  and  charge  q  moving  with  velocity  v 
perpendicular  to  a  magnetic  field  B  is  given  by 


mv 


=  qvB 


or  mv  =  qrB.  Hence  mA  v B  =  qrA  B  and  mB  vB  = 
q  rB  B. 


™aVa  _  rA 

mBvB  rB 

It  follows  from  the  figure  that  rA  >  rB.  Hence 
mA  v A  >  mB  v B.  Thus  the  correct  choice  is  (b). 

54.  The  correct  choice  is  (c).  For  derivation  of  the  ex¬ 
pression,  refer  to  a  Textbook  of  Physics. 

55.  The  radius  r  of  the  cir-  u 


which  is  choice  (b). 


56.  The  correct  choice  is  (d)  because  the  lines  of  force 
are  continuous  inside  the  magnet. 

57.  Since  the  path  of  the  particle  beyond  P  is  non-cir¬ 
cular,  both  E  and  B  fields  must  be  present  beyond 
P.  Hence  choices  (a)  and  (c)  are  incorrect.  Since  the 
curved  path  lies  in  the  x-y  plane,  the  magnetic  field 
must  be  in  the  x-z  plane.  Hence  choice  (d)  is  also 
incorrect.  Thus,  the  correct  choice  is  (b). 

58.  Let  r  be  the  radius  of  the  circle.  The  length  of  the 

60°  7ZY 

arc  =  (2  nr)  x -  =  —  .  Therefore,  the  length  21 

360°  3 


of  the  magnet  is 

nr  61 

21  =  —  or  r  =  — 

3  n 

If  m  is  the  pole  strength  of  each  pole  of  the  magnet, 

,  .  ,  ,  6/ 
the  magnetic  moment  or  the  arc  =  m  x  r  =  m  x  — 

n 

_  3  x  (2ml)  _  3 M 


n 


n 


Hence  the  correct  choice  is  (c). 

59.  Wires  A  and  B  carry  current /=  5  A  each  coming  out 
of  the  plane  of  the  page  as  shown  in  Fig.  24.66.  The 
magnitude  of  magnetic  field  at  point  P  due  wire  A 
is  equal  to  that  due  to  wire  B ,  i.e. 


Bo  21 
4  n  a 


10“7  x2x5 


0.1 
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=  1(T5  T 

The  direction  of  field  BA  is  perpendicular  to  PA  and 
that  of  field  Bb  is  perpendicular  to  PB.  Therefore, 
the  angle  between  the  two  fields  is  9  =  60°.  The 
magnitude  of  the  resultant  field  at  P  is  given  by 
Bb  =  B  ^  +  B~b  +  2Ba  Bb  cos  0 

which  gives  BR  =  2BA  cos  ^  j 

/T 

=  2  x  1(T5  x  —  =  V3  x  1(T5  T 
2 

Hence  the  correct  choice  is  (c). 


Ba 


60.  When  the  proton  enters  the  region  of  the  magnetic 
field,  it  will  experience  a  force  F  given  by 

F  =  q  (u  x  B) 

where  q  is  the  charge  of  the  proton.  The  force  F 
is  perpendicular  to  both  u  and  B.  Since  the  force 
is  perpendicular  to  the  velocity  of  the  particle,  it 
does  not  do  any  work.  Hence  the  magnitude  of  the 
velocity  of  the  particle  will  remain  unchanged;  only 
the  direction  of  the  velocity  changes.  Hence  v  =  u. 
Since  u  is  perpendicular  to  B,  the  proton  moves  in  a 
circular  path.  Since  the  charge  of  proton  is  positive, 
u  is  along  posotive  x-axis  and  B  is  directed  out  of 
the  page,  the  proton  will  move  in  a  circle  in  the  x-y 
plane  in  the  clockwise  direction.  Hence  its  y  coor¬ 
dinate  will  be  negative,  when  it  leaves  the  region. 
Thus  the  correct  choice  is  (d). 

AAA 

61.  F  =  q(v  X  B)  =  q{a  i  X  (bj  +  ck)} 

A  A  A  A 

=  q(ab  i  X  j  +  aci  x  k) 

A  A  A  A 

=  q(ab  k  -  acj )  =  qa(b  k  -  cj) 


Magnitude  of  F  =  [(q  ab )2  +  (q  ac )2] 1/2 
=  qa{b2  +  c2)112 
The  correct  choice  is  (d). 

62.  Refer  to  Fig.  24.68.  Let  AB  =  BC =AC=a.  Let  OD  =  r. 


A 


The  magnetic  field  at  centroid  O  due  to  current  / 
flowing  in  side  AB  of  the  triangle  is  given  by 

Bab  =  (sin  a  +  sin  p) 

4  nr 


It  is  clear  that  a=  j}=  60°  and 


OD 


AD 

r  =  - 

tana 


a/2 
tan  60° 


a/2 

V3 


a 

2V3 


Bab 


aV  x  2V3 

47Tr  a 


X  (sin  60°  +  sin  60°) 


3fip/ 

2na 


By  symmetry,  the  magnetic  fields  due  to  current  in 
sides  BC  and  AC  =  that  due  to  side  AB.  Hence,  the 
magnetic  field  at  O  due  to  the  current  in  the  three 
sides  of  triangle  ABC  is 

B  =  Bab  +  Bbc  +  Bca  =  3  Bab 

Hence  the  correct  choice  is  (b). 

63.  Refer  to  Fig.  24.69.  Let  v  be  the  velocity  of  the 
particle.  Its  kinetic  energy  is 

-mv2  =  qV  or  v  =  (1) 

2  v  m  J 


The  particle  follows  a  circular  path  from  A  to  B  of 
radius  r  which  is  given  by 

,.2 

m/7 

(2) 


mv 


„  mv 

=  qvB  or  r  =  - 

qB 


Using  (1)  and  (2),  we  have 


m  / 

r2qV^ 

f2  1  (2mV^ 

qB  ’ 

\  m  y 

'  ~b{  q  ) 
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the  magnetic  field  B  =  b  in 
the  positive  z-direction, 
and  the  charge  of  the 
particle  is  positive,  the 
path  of  the  particle  is  a 
circle  as  shown  in  the 
figure.  The  radius  of  the 
circular  path  is 

mv  ma 
'  qB  qb 
Thus  y  =  -  2 


2  ma 


y 


Fig.  24.71 


BD  d 

In  triangle  BCD ,  sin  0  =  -  =  —  .  Therefore, 

BC  r 


sin  0  =  Bd\ 


1/2 


,  which  is  choice  (a). 


\2mV , 

64.  Refer  to  Fig.  24.70.  Wire  PQ  of  length  d,  the  spac¬ 
ing  between  rails  carries  a  current  /  vertically 
downwards  in  a  magnetic  field  pointing  towards 
the  reader  and  perpendicular  to  the  length  PQ  of 
the  wire.  Thus  angle  6  between  /  and  B  is  90°. 
The  force  exerted  on  the  wire  of  length  d  by  the 
magnetic  field  is 

F  =  Bid  sin  90°  =  Bid 

Using  Fleming’s  left  hand  rule,  the  direction  of  the 
force  is  to  the  left.  The  acceleration  of  the  wire  is 
force  F  Bid 


a  = 


mass 


1  2 

Now  x  =  —  at  =>  1 
2 

choice  is  (b). 

Rail 


m 


m 

—  .  Hence  the  correct 
a 


1 

1 

o  o  o 

F- - 

p  o' 

o  o^e 

O  O  07 

O  d  o  O 

o  o  o 

Q  °l 

o  o 

1 _ 

/ 

_ 7 _ 1 

upward 

towards 

reader) 


Rail 


So  the  correct  choice  is  (d). 

66.  Acircular  metal  loop  carries  a  current.  Hence  charge, 
say,  q  moves  along  the  circle  with  a  velocity,  say  v 
which  is  tangential  to  the  circle  at  every  point  (Fig. 
24.59  on  page  24.22).  The  force  experienced  by  the 
charge  is  F  =  q(x  x  B).  Since  v  is  along  the  tangent 
and  B  is  directed  out  of  the  x  —y  plane,  the  direction 
of  the  force  is  towards  the  centre  O  of  the  loop. 
Hence  the  force  tends  to  contract  the  loop.  Further, 
since  F  is  perpendicular  to  v,  no  work  is  done  on 
the  loop.  Hence  it  cannot  have  any  translational 
motion.  Thus  the  correct  choice  is  (c). 

67.  The  field  lines  of  a  magnetic  field  form  closed 
loops.  From  Maxwell’s  equations,  we  find  that  a 
time-varying  magnetic  field  produces  an  electric 
field.  Hence  the  field  lines  of  an  induced  electric 
field  also  form  closed  loops  like  a  magnetic  field. 
Hence  the  correct  choice  is  (c). 

68.  Magnetic  field  at  the  centre  of  a  circular  loop  of 

radius  r  and  carrying  a  current  /  =  .  The  direc- 

2  r 

tion  of  the  field  is  along  z-direction  if  the  current  is 
anticlockwise. 

Consider  a  small  element  of  width  dr.  The  current 
through  the  element  is 

,,  total  current  in  spiral  . ,  , 

dl  =  - x  width  of  element 

total  width  of  spiral 

Idr 

{b-a) 

E_  U,Ndl  _  \  BqNI  dr 
^  2  r  2  (b  —  a)r 

a  a  y  7 


Fig.  24.70 


65.  Refer  to  Fig.  24.71.  Since  the  velocity  of  the  particle 
is  v  =  a  along  the  positive  v-axis  and  the  direction  of 


BqNI 
2  (b-a) 


BqNI 
2  (b  —  a) 


In 
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# 

Multiple  Choice  Questions  with  One  or  More  Choice  Correct 


1.  A  straight  wire  carrying  current  is  parallel  to  the 
>*-axis  as  shown  in  Fig.  24.72.  The 

(a)  magnetic  field  at  the  point  P  is  parallel  to  the 
x-axis 

(b)  magnetic  field  is  parallel  to  the  z-axis 

(c)  magnetic  lines  are  concentric  circles  with  the 
wire  passing  through  their  common  centre 

(d)  magnetic  fields  to  the  left  and  right  of  the 
wire  are  oppositely  directed. 


y 


Ik  •  p 


X 


Fig.  24.72 

2.  The  magnetic  field  due  to  a  current  carrying  toroi¬ 
dal  solenoid 

(a)  is  independent  of  the  radius  of  the  solenoid 

(b)  depends  on  the  number  of  turns  and  the  cur¬ 
rent  in  the  solenoid 

(c)  is  constant  in  magnitude  inside  the  solenoid 

(d)  is  always  radial  inside  the  solenoid. 

3.  The  magnetic  field  inside  a  straight  solenoid 

(a)  is  independent  of  the  radius  of  the  solenoid 

(b)  depends  on  the  number  of  turns  and  current 
in  the  solenoid 

(c)  is  uniform  throughout  the  solenoid 

(d)  is  perpendicular  to  the  axis  of  the  solenoid. 

4.  A  charged  particle  of  mass  m  and  charge  q  enters  a 
magnetic  field  B  with  a  velocity  v  at  an  angle  6  with 

B. 

(a)  The  kinetic  energy  of  the  particle  will  not 

change  if  9  0. 

(b)  The  momentum  of  the  particle  will  not  change 
if  9  =  0. 

(c)  The  particle  moves  in  a  circle  of  radius 
mv/qB  if  9  =  90°. 

(d)  The  frequency  of  circular  motion  is  indepen¬ 
dent  of  the  speed  of  the  particle  if  0  =  90°. 

5.  A  proton  moving  with  a  constant  velocity  passes 
through  a  region  of  space  without  any  change  in 
its  velocity.  If  E  and  B  represent  the  electric  and 
magnetic  fields  respectively,  this  region  of  space 
may  have 


(a)  E  =  0,  B  =  0  (b)  E  =  0,  B  *  0 

(c)  E  ±  0,  B  =  0  (d)  E  ±  0,  B  *  0 

<  IIT,  1985 

6.  The  force  F  experienced  by  a  particle  of  charge  q 
moving  with  a  velocity  v  in  a  magnetic  field  B  is 
given  by  F  =  q  (v  x  B).  Which  pairs  of  vectors  are 
at  right  angles  to  each  other? 

(a)  F  and  v  (b)  F  and  B 

(c)  B  and  v  (d)  F  and  (v  x  B) 

7.  Choose  the  correct  statements  from  the  following. 

(a)  A  non-uniform  magnetic  field  that  varies 
in  magnitude  from  point  to  point  but  has  a 
constant  direction,  is  set  up  in  a  region  of 
space.  A  charged  particle  enters  that  region 
and  travels  undeflected  in  a  straight  line  with 
a  constant  speed.  The  initial  velocity  of  the 
particle  is  either  along  the  direction  of  the 
field  or  opposite  to  it. 

(b)  A  non-uniform  magnetic  field  that  varies 
from  point  to  point  in  magnitude  and  direc¬ 
tion  is  set  up  in  a  certain  region  of  space. 
A  charged  particle  enters  the  region  with  a 
certain  initial  velocity.  The  direction  of  the 
final  velocity  will  be  different  from  that  of 
the  initial  velocity. 

(c)  A  electron  travelling  in  the  positive  x-di- 
rection  enters  a  region  of  space  having  an 
electrostatic  field  in  the  negative  y- direction. 
If  a  magnetic  field  in  the  region  is  along  the 
positive  z— direction,  the  electron  will  travel 
undeflected. 

(d)  A  charged  particle  moves  in  a  uniform  mag¬ 
netic  field  for  some  time.  The  kinetic  energy 
of  the  particle  will  change  during  this  time. 

8.  Which  of  the  following  statements  are  correct? 

(a)  A  current  carrying  coil,  free  to  rotate,  when 
placed  in  a  uniform  magnetic  field  will  orient 
itself  such  that  its  plane  becomes  perpendicu¬ 
lar  to  the  magnetic  field. 

(b)  The  trajectory  of  a  charged  particle  moving 
in  a  uniform  magnetic  field  with  its  veloc¬ 
ity  parallel  to  the  field  is  a  circle  in  a  plane 
perpendicular  to  the  field. 

(c)  The  magnetic  field  at  a  point  midway 
between  two  long  parallel  wires  carrying 
equal  currents  in  the  same  direction  is  zero. 
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(d)  An  electron  is  moving  in  the  anticlockwise 
sense  in  a  horizontal  circular  orbit.  The 
direction  of  the  magnetic  field  at  the  centre 
of  the  orbit  will  be  vertically  upward. 

9.  A  small  circular  flexible  loop  of  wire  of  radi¬ 
us  r  carries  a  current  I.  It  is  placed  in  a  uniform 
magnetic  field  B.  The  tension  in  the  loop  will  be 
doubled  if 

(a)  /  is  doubled 

(b)  B  is  doubled 

(c)  r  is  doubled 

(d)  Both  B  and  /  are  doubled. 

10.  A  particle  having  a  mass  of  0.5  g  carries  a  charge 
of  2.5  x  10~8  C.  The  particle  is  given  an  initial 
horizontal  velocity  of  6  x  104  ms-1.  To  keep  the 
particle  moving  in  a  horizontal  direction 

(a)  the  magnetic  field  should  be  perpendicular  to 
the  direction  of  the  velocity 

(b)  the  magnetic  field  should  be  along  the  direc¬ 
tion  of  the  velocity 

(c)  magnetic  field  should  have  a  minimum  value 
of  3.27  T 

(d)  no  magnetic  field  is  required. 

11.  A  wire  is  bent  into  a  circular  loop  of  radius  R  and 
carries  a  current  I.  The  magnetic  field  at  the  centre 
of  the  loop  is  B.  The  same  wire  is  bent  into  a  double 
loop.  If  both  loops  carry  the  same  current  in  the 
same  direction,  the  magnetic  field  at  the  centre  of 
the  double  loop  is  Bl.  If  they  carry  the  same  current 
/  in  opposite  directions,  the  magnetic  field  at  their 
centre  is  B2.  Then 

(a)  B\  =  0  (b)  B\  =  AB 

(c)  B2  =  0  (d )  5,  =  | 


12.  A  straight  horizontal  conducting  rod  of  mass  m  and 
lenght  /  is  suspended  by  two  vertical  wires  (of  neg¬ 
ligible  mass)  at  its  ends.  A  current  /  is  set  up  in  the 
rod.  A  magnetic  field  B  normal  to  the  conductor 
is  required  to  keep  the  tension  in  the  wires  equal 
to  zero.  If  the  direction  of  the  current  is  reversed 
then,  for  the  same  magnatic  field  B,  a  tension  T  is 
developed  in  the  wires.  Then 


(a )B=?* 
II 


(b)  B  = 


2  mg 

~ir 


(c)  T  =  BII  +  mg  (d)  T  =  BII  -  mg 

13.  In  the  hydrogen  atom  the  electron  (charge  e)  moves 
around  the  proton  with  a  speed  v  in  a  circular  orbit 
of  radius  r.  The  magnetic  dipole  moment  of  the 
circulating  electron  is  M  and  the  magnetic  field  at 
the  site  of  the  proton  (i.e.  at  the  centre  of  the  orbit) 
is  B.  Then 


(a)  M 
(c)  B 


evr 

(b)  M  = 

evr 

4 

2 

Li0ev 

(d)  B  = 

Boev 

Anr 

2  nr 

14.  The  magnitude  of  the  magnetic  field  at  the  centre  of 
a  circular  coil  of  radius  r,  having  n  turns  and  carry¬ 
ing  a  current  /  can  be  doubled  by 

(a)  changing  /  to  21,  keeping  n  unchanged 

(b)  changing  n  to  2 n,  keeping  /  unchanged 

(c)  changing  /  to  21  and  n  to  2 n 

(d)  changing  n  to  keeping  /  unchaged. 

15.  The  force  experienced  by  a  charged  particle  moving 
in  a  magnetic  field  B  with  a  velocity  v  is  zero  if 

(a)  v  =  0 

(b)  v  is  parallel  to  B 

(c)  v  is  perpendicular  to  B 

(d)  v  is  antiparallel  to  B 

16.  The  magnetic  field  due  to  a  toroidal  solenoid  de¬ 
pends  upon 

(a)  the  number  of  turns  in  the  solenoid 

(b)  the  current  in  the  solenoid 

(c)  the  radius  of  the  toroid 

(d)  the  permeability  of  the  core  of  the  solenoid. 

17.  The  plates  of  a  parallel  plate  capacitor  are  in  the 
y  —  z  plane.  The  separation  between  the  plates  is  3 
mm  and  a  potential  difference  of  600  V  is  applied 
across  the  plates.  An  electron  is  projected  between 
the  plates  with  a  velocity  of  2  X  106  ms~  1  along 
the  positive  y-direction.  The  electron  moves  unde¬ 
flected  between  the  plates. 

(a)  The  electric  field  between  the  plates  is  2  x 
105  V  m~> 

(b)  The  magnitude  of  the  magnetic  field  in  the 
region  between  the  plates  is  0.1  T. 

(c)  The  direction  of  the  magnetic  field  is  along 
the  positive  z-direction. 

(d)  The  direction  of  the  magnetic  field  is  along 
the  negative  z 

<  IIT,  1981 

18.  An  alpha  particle  and  a  deuteron,  after  being  accel¬ 
erated  through  the  same  potential  difference,  enter 
a  uniform  magnetic  field  whose  direction  is  perpen¬ 
dicular  to  their  velocities.  If  ra  and  rd  are  the  radii 
of  the  circular  paths  of  the  alpha  particle  and  the 
deuteron  respectively  and  vffand  vd  their  respective 
frequency  of  revolution,  then 

(a)  ra  =  2  rd  (b)  ra  =  rd 


(c)  va=  Yd_ 
2 


(d)  v„  =  vd 


■  IIT,  2004 
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19.  Three  infinitely  long  thin  wires,  each  carrying  cur¬ 
rent  /  in  the  same  direction  are  in  the  x-y  plane  in  a 
gravity  free  space  (see  Fig.  24.73).  The  central  wire 
is  at  x  =  0  while  the  other  two  wires  are  at  x  =  ±  d. 

<  IIT,  1997 
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Fig.  24.73 

The  net  magnetic  field 

(a)  cannot  be  zero  beyond  B  (i.e.  x  >  d) 

(b)  cannot  be  zero  beyond  A  (i.e.  -  x  >  —  d) 

(c)  will  be  zero  between  x  =  0  and  x  =  d. 

(d)  will  be  zero  between  x  =  0  and  x  =  -  d. 

20.  Two  charged  particles  1  and  2  of  masses  ml  and 

m2,  charges  qx  and  q2  enter  a  uniform  magnetic 
field  with  velocities  vx  and  v2  normal  to  the  field  as 
shown  in  Fig.  24.74. 

xxx  x-. - b 

x 
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(a) 

If 

<h 

=  qi, 

m jUj  > 

m2v2 

(b) 

If 

<h 

=  4A 

mlvl  < 

m2v2 

(c) 

If 

rri\ 

vi 

=  V2 > 

—  > 

ch 

<h 

(d) 

If 

m  | 

=  m2 

,  V1ql  < 

v2(l2- 

21.  A  charged  particle  is  accelerated  through  a  poten¬ 
tial  difference  V.  It  then  enters  a  region  of  uniform 
magnetic  field.  It  moves  in  a  circle  of  radius  r  and 
its  frequency  of  revolution  is  v.  If  V  is  doubled. 

(a)  the  kinetic  energy  is  doubled 


(b)  the  magnitude  of  the  angular  momentum 
about  the  centre  is  doubled. 

(c)  the  radius  r  becomes  half 

(d)  the  frequency  v  remains  unchanged. 

22.  A  long,  thin  and  hollow  cylindrical  metal  pipe  of 
radius  R  carries  a  current  /  along  its  length.  For 
such  a  pipe, 

(a)  the  magnetic  field  is  zero  at  all  points  inside 
the  pipe 

(b)  the  magnetic  field  is  zero  on  the  axis  of  the  pipe 
and  increases  as  we  go  towards  the  wall. 

Bo1 

(c)  On  the  surface  of  the  pipe,  B  =  - — -  . 

2  n  R 

(d)  at  a  point  outside  the  pipe  at  distance  r  from 
its  axis,  the  magnitude  field  varies  as  1  /r2. 

23.  A  particle  of  charge  q  moving  with  a  velocity 

A  AAA 

v  =  v0  i  enters  a  magnetic  field  B  =  f?0(i  +  j+  k) . 

(a)  The  particle  describes  a  circle  in  the  magnetic 
field. 

(b)  The  magnitude  of  the  force  acting  on  the 
particle  is  qVoB0 

(c)  The  magnitude  of  the  force  on  the  particle  is 

yfl  qVoB0. 

(d)  The  force  vector  lies  in  the  y-z  plane. 

24.  A  thin  rod  AB  of  length  /  carries  a  current  Ix.  It  is 
placed  in  the  magnetic  field  of  a  long  wire  PQ  car¬ 
rying  a  current  I2  as  shown  in  Fig.  24.75. 

I P 


k 


A  /1  B 

a — * — * - / - *- 


Q 


Fig.  24.75 


(a)  The  force  experienced  by  the  rod  is  F  = 


An 


XOge\ l  +  Ya 


(b)  The  force  experienced  by  the  rod  is  F  = 


An 


l°Se 


i+' 

a 


(c)  The  rod  experiences  no  torque 

(d)  The  rod  experiences  a  force  as  well  as  a 
torque. 

25.  Choose  the  correct  statements  from  the  following. 

(a)  The  dimensional  formula  of  magnetic  field  B 
is  [ML0  T~2  A-1] 

(b)  /u0  is  dimensionless. 
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(c)  The  dimensions  of  yjf. t0e0  are  the  same  as 
those  of  speed.  ^ 

(d)  The  dimensions  of  —  are  the  same  as  those 

D 

of  speed. 

26.  An  annular  wire  loop  ABCD  carries  a  current  I { 
as  shown  in  Fig.  24.76.  O  is  the  common  cen¬ 
tre  of  the  curved  parts  AB  and  CD  of  the  loop.  A 
straight  wire  passing  through  O  and  perpendicular 
to  the  plane  of  the  loop  carries  a  current  I2  directed 
towards  the  reader.  Then 


D 


(a)  the  net  force  on  the  loop  is  zero. 

(b)  the  net  torque  on  the  loop  is  zero. 

(c)  As  seen  from  O  the  loop  will  rotate  in  clock¬ 
wise  sense  about  axis  OP. 

(d)  As  seen  from  O  the  loop  will  rotate  in  anti¬ 
clockwise  sense  about  axis  OP. 

<  IIT,  2006 

27.  A  neutron,  a  proton,  an  electron  and  an  alpha  par¬ 
ticle  enter  a  region  of  uniform  magneti  field  with 
equal  velocities.  The  magnetic  field  is  along  the 
inward  normal  to  the  plane  of  the  paper.  The  tracks 
of  the  particles  are  labeled  as  shown  in  Fig.  24.77. 

(a)  The  electron  follows  track  D  and  alpha  par¬ 
ticle  follows  track  B 

(b)  The  proton  follows  track  A  and  alpha  particle 
follows  track  B 


C 


(c)  The  electron  follows  track  A  and  neutron 
follows  tracks  C 


(d)  The  proton  follows  track  D  and  electron  fol¬ 
lows  track  A. 

<  IIT,  1984 

28.  A  particle  of  charge  +  q  and  mass  m  moving  under 

A 

the  influence  of  a  uniform  electric  field  E  i  and 

A 

a  uniform  magnetic  field  ilk  follows  a  trajectory 
from/’  to  Q  as  shown  in  Fig.  24.78.  The  velocity  at 

A  A 

P  is  v  i  and  at  Q  is  -  2v  j  .  Which  of  the  following 
statements  is/are  correct  ? 


(a)  E  = 


3  mv2 
4qa 


(b)  The  rate  of  work  done  by  electric  field  at  P 

3  mv3 
is  - . 

4a 

(c)  The  rate  of  work  done  by  electric  field  at  P 
is  zero. 

(d)  The  rate  of  work  done  by  both  the  fields  at 
Q  is  zero. 

<  IIT,  1991 

29.  A  particle  of  mass  m  and  charge  q  moving  with 
velocity  v  enters  Region  II  normal  to  the  boundary 
as  shown  in  Fig.  24.79.  Region  II  has  a  uniform 
magnetic  field  B  perpendicular  to  the  plane  of  the 
paper.  The  length  of  the  Region  II  is  l.  Choose  the 
correct  choice^) 


Region  I 


a 


Region  II 

x  x  x  x 
x  x  x  x 
x  x  x  x 


Region  III 


Fig.  24.79 

(a)  The  particle  entres  Region  III  only  if  its 

,  •  cllB 

velocity  v  >  - 

m 

(b)  The  particle  enters  Region  III  only  if  its 

,  •  cl  IB 

velocity  v  <  - 

m 
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(c)  Path  length  of  the  particle  in  Region  II  is 

maximum  when  velocity  v  =  - 

m 

(d)  Time  spent  is  Region  II  is  the  same  for  any 
velocity  v  as  long  as  the  particle  returns  to 
Region  I 

<  IIT,  2008 

30.  H+,  He+,  and  0++  all  having  the  same  kinetic  energy 
pass  through  a  region  in  which  there  is  a  uniform 
magnetic  field  perpendicular  to  their  velocity.  The 
masses  of  H+,  He+  and  0++  are  lu,  4u  and  1 6u  re¬ 
spectively.  Then 

(a)  H+  will  be  deflected  the  most 


ANSWERS  AND  SOLUTIONS 

1.  The  direction  of  the  magnetic  field  is  perpendicular 
to  the  plane  containing  the  point  P  and  the  current 
element  /,  which  is  the  z-direction.  Hence  choice  (a) 
is  wrong  and  choice  (b)  is  correct.  Also  the  fields  to 
the  left  and  to  the  right  of  the  current  element  are 
oppositely  directed.  Hence  choice  (d)  is  correct. 
Further,  the  lines  of  force  of  the  magnetic  field  are 
concentric  circles  with  their  common  centre  at  the 
wire.  Hence  choice  (c)  is  also  correct. 

2.  The  correct  choices  are  (a),  (b)  and  (c).  The  mag¬ 
netic  field  inside  the  solenoid  is  always  tangential. 

3.  The  correct  choices  are  (a)  and  (b).  The  field  is  not 
uniform  at  the  edges  of  the  solenoid  and  is  parallel 
to  the  axis. 

4.  Since  the  force  exerted  by  the  magnetic  field  is 
perpendicular  to  the  velocity  of  the  particle;  the 
speed  of  the  particle  cannot  change;  only  the 
direction  of  motion,  i.e.  velocity  (and  hence  mo¬ 
mentum)  will  change.  The  correct  choices  are  (a), 
(c)  and  (d). 

5.  The  force  on  a  charge  q  moving  with  a  velocity  v  is 
given  by 

F  =  (/(E  +  vxB) 

There  will  be  no  change  in  velocity  if  F  =  0.  This 
can  happen  in  three  cases,  (i)  Both  E  and  B  are  zero 
which  is  choice  (a),  (ii)  E  =  0  and  v  and  B  are  paral¬ 
lel  so  that  v  X  B  =  0  in  which  case  B  ^  0  which  is 
choice  (b).  (iii)  The  electric  force  qE  is  equal  and 
opposite  to  magnetic  force  q  (v  x  B)  in  which  case 
the  net  force  is  zero  which  is  choice  (d).  Hence  the 
correct  choices  are  (a),  (b)  and  (d). 

6.  The  pairs  F  and  v  and  F  and  B  are  always  at  right 
angles  to  each  other,  because  F  is  always  perpen¬ 
dicular  to  the  plane  containing  B  and  v.  Vectors  B 
and  v  may  have  any  angle  between  them. 


(b)  O  will  be  deflected  the  most 

(c)  He+  and  0++  will  be  deflected  equally 

(d)  All  will  be  deflected  equally. 

<  IIT,  1994 

31.  A  proton  and  an  electron  moving  with  the  same 
velocity  v  enter  a  region  of  uniform  magnetic  field 
B  which  is  perpendicular  to  their  velocity.  If  rp  and 
re  are  the  radii  of  their  circular  trajectories  and  t 
and  te  the  time  after  which  each  particle  comes  out 
of  the  region  of  magnetic  field,  then 
(a)  rq  <  re  (b)  rp  >  re 

(c)  tp  <  te  (d)  tp  >  te 

<  IIT,  2011 


7.  Statement  (a)  is  correct.  Since  the  direction  of 
the  velocity  of  the  particle  remains  unchanged, 
no  magnetic  force  acts  on  the  particle.  The  force 
experienced  by  a  particle  of  charge  q  moving  with 
a  velocity  v  in  a  magnetic  field  B  is 

F  =  q  (v  x  B) 

Since  F  =  0,  (v  x  B)  =  0,  i.e.  v  and  B  are  parallel  to  each 
other.  Thus,  the  initial  velocity  of  the  particle  is  either 
along  the  direction  of  the  field  or  opposite  to  it. 
Statement  (b)  is  also  correct.  Since  the  magnetic 
force  is  always  perpendicular  to  particle  velocity, 
it  cannot  change  the  magnitude  of  the  velocity 
(i.e.  speed);  it  can  only  change  the  direction  of 
the  velocity.  Hence,  the  final  speed  of  the  particle 
is  equal  to  its  initial  speed.  The  direction  of  the 
final  velocity  is,  however,  different  from  that  of  the 
initial  velocity. 

Statement  (c)  is  wrong.  Under  the  influence  of  an 
electric  field  in  the  negative  y-direction,  the  electron 
will  be  deflected  in  the  positive  y-direction.  It  will 
travel  undeflected,  if  the  magnetic  field  imparts  an 
equal  deflection  in  the  negative  y-direction.  Since 
the  magnetic  force  is  perpendicular  to  the  magnetic 
field  and  the  charge  on  the  electron  is  negative,  the 
direction  of  the  magnetic  field  should  be  along 
the  negative  z-direction  (use  Fleming’s  left-hand 
rule). 

Statement  (d)  is  also  incorrect.  No  work  is  done 
by  a  uniform  magnetic  field  on  a  charged  particle. 
Hence  its  kinetic  energy  remains  constant. 

8.  Statement  (a)  is  correct.  The  loop  will  rotate  until 
equilibrium  state  is  attained.  It  will  then  come  to 
rest  because  the  torque  acting  on  it  becomes  zero. 
We  know  that  the  torque  is  given  by 

r  =  BIA  sin  9 
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where  0  is  the  angle  between  the  direction  of  mag¬ 
netic  field  B  and  the  normal  to  the  plane  of  the 
loop.  It  is  clear  that  r=  0  when  0=0.  Thus,  in  the 
equilibrium  state,  the  orientation  of  the  loop  is  such 
that  the  magnetic  field  is  perpendicular  to  the  plane 
of  the  loop. 

Statement  (b)  is  incorrect.  If  v  is  parallel  to  B,  the 
particle  does  not  experience  any  force.  Hence  its 
trajectory  will  be  a  straight  line.  Statement  (c)  is 
correct.  Since  currents  are  equal  and  in  the  same 
direction,  the  magnetic  fields  due  to  them  at  a 
point  midway  between  the  wires  will  be  equal  and 
opposite  and  hence  they  will  cancel  each  other. 
Statement  (d)  is  incorrect.  The  direction  of  the 
magnetic  field,  which  is  given  by  Fleming’s  left 
hand  rule,  will  be  vertically  downward.  Note  that 
the  charge  of  an  electron  is  negative. 

9.  The  force  acting  on  the  loop  is  given  by 
F  =  7«  B  sin  0 

where  m  =  nr2 1.  Force  will  be  doubled  if  /  or  B  are 
doubled.  Hence  the  correct  choices  are  (a)  and  (b). 

10.  In  the  absence  of  a  magnetic  field,  the  particle  will 
experience  gravitational  force  mg.  As  a  result  the 
particle  will  not  continue  moving  in  the  horizon¬ 
tal  direction  but  will  describe  a  parabolic  path.  So 
a  magnetic  field  must  be  present  and  its  direction 
must  be  perpendicular  to  the  direction  of  the  veloc¬ 
ity.  The  magnetic  force  experienced  by  the  particle 
is  given  by 

F  =  q  (v  X  B) 

The  magnitude  of  the  force  is  F=  q  v  B  sin  0.  If  the 
particles  is  to  move  in  the  horizontal  direction,  this 
force  must  balance  the  force  of  gravity,  i.e. 
mg  =  q  v  b  sin  0 

The  minimum  value  of  B  corresponds  to  sin  0  =  1 
or  0=  90°.  Thus 


mg  =  9  v  B 

mg  0.5xl0-3x9.8 

or  B=  - = - o - t  =  3.27  T 

qv  2.5  x  10-8  x  6  x  104 

Hence  the  correct  choices  are  (a)  and  (c). 

11.  The  radius  of  the  double  loop  r  =  R/2.  Now 

b.MsL 

2R 


Magnetic  field  due  to  a  loop  of  radius  r  at  the  centre 
of  the  loop  is 


*1=M  =  M  =  2B 

1  2  r  2  R 


(v  t-=  1/2) 

Similarly  for  the  second  loop  of  the  double  loop, 


B2  =  2B 

Since  the  currents  in  the  two  loops  are  in  the  same 
direction,  the  net  magnetic  field  at  the  centre  =  Bx 

+  b2  =  ab. 


Since  the  currents  in  the  two  loops  are  in  opposite 
directions,  fields  Bx  and  B2  are  equal  and  opposite. 
Therefore,  the  net  magnetic  field  at  the  centre  of 
the  double  loop  =  Bx  -  B2  =  0.  Hence  the  correct 
choices  are  (b)  and  (c). 

12.  In  order  that  the  tension  in  the  supporting  wires  is 
zero  the  downward  gravitational  force  mg  on  the 
rod  must  be  balanced  by  an  upward  force  BIl  due 
to  magnetic  field,  i.e.  BIl  =  mg 

or  5=  M 

11 

If  the  current  is  reversed,  the  direction  of  the  force 
due  to  B  becomes  downwards,  in  the  direction  of  the 
gravitational  force.  Hence  the  tension  in  the  string  is 
T  =  BIl  +  mg 

The  correct  choices  are  (a)  and  (c). 

2k  t  e  ev 

13.  Time  period  T=  - .  Current  1=  —  =  - . 

v  T  2  nr 


Magnetic  moment  M=  current  x  area  of  orbit 

,  2  ev  2  evr 

=  lxnr  =  - x  nr  = - 

2k  r  2 

Magnetic  field  at  the  centre  of  the  orbit  is 


TV” 


2  r  4nr~ 

So  the  correct  choices  are  (b)  and  (c). 

14.  The  magnitude  of  the  magnetic  field  at  the  centre  of 
the  coil  is  given  by 

HQnl 


B  = 


2  r 


Hence  the  correct  choices  are  (a)  and  (b). 

15.  F  =  </  (v  x  B).  The  magnitude  of  the  force  is 

F  =  q  v  B  sin  0 

Thus  F  =  0  if  v  =  0  or  0  =  0°  or  180°.  Hence  the 
correct  choices  are  (a),  (b)  and  (d). 

16.  The  correct  statements  are  (a),  (b)  and  (d).  The 
magnetic  field  is  given  by 

B  =  junl 

where  /J,  is  the  permeability  of  the  core  of  the  sole¬ 
noid.  B  is  independent  of  the  radius  of  the  toroid. 

17.  Refer  to  Fig.  24.80.  The  electric  field  between  the 

plates  is  E  =  —  =  — =  2  x  105  V  m  '. 
d  3  x  10~3 


e 


Fig.  24.80 
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The  electron  will  experience  a  force  qE  in  the  nega¬ 
tive  x-direction.  If  the  electron  is  to  move  undeflect¬ 
ed  in  the  region  between  the  plates,  the  magnetic 
force  experienced  by  it  must  be  along  the  positive 
x-direction  and  its  magnitude  must  be  equal  to  qE. 
Since  magnetic  force  =  q{v  X  B),  it  follows  that  the 
field  must  be  perpendicular  to  v  (as  well  as  E)  and 
directed  along  the  negative  z-direction.  The  magni¬ 
tude  of  the  magnetic  force  =qvB  sin  90°  =  qvB. 
Thus 


E  2  x  105 

qvB  =  qE  or  B  =  —  =  - t  =  0. 1  T 

v  2xl06 

So  the  correct  choices  are  (a),  (b)  and  (d). 

18.  If  a  particle  of  mass  m  and  charge  q  is  accelerated 
through  a  potential  difference  V,  it  acquires  kinetic 
energy  =  qV.  Hence 


1  9 

—  mv  =  qV 


where  v  is  the  velocity  acquired  by  the  particle.  The 
radius  of  the  circular  path  is  given  by 


—  =  j2qV  =  j~q 

(IB  qB  V  m  b  X  V  m 


For  given  V  and  B,  r<=c  —  .  Hence 
V  m 


Vd 


(i) 


Now,  alpha  particle  has  2  protons  and  2  neutrons 
and  a  deuteron  has  1  proton  and  1  neutron.  There¬ 
fore,  ma  =  4  mp,  md  =  2  mp,  qa=  2  qd  and  qd  =  qp. 
Using  these  in  (1),  we  get 


2<?P  2m„ 


x- 

%  4mp 


=  1 


The  frequency  of  revolution  is  given  by 
qB  q 


v  = 


2nm 


in 


Hence  —  =  1 

vd 

Thus  the  correct  choices  are  (b)  and  (d). 

19.  By  using  the  right  hand  rule,  the  following  conclu¬ 
sions  can  be  drawn: 

For  Points  on  the  x-axis  beyond  B:  The  directions 
of  the  magnetic  fields  due  to  currents  in  wires  I,  II  and 
III  are  along  the  negative  z-axis.  Hence  the  net  mag¬ 
netic  field  B  cannot  be  zero  beyond  B  (i.e.  x  >  d). 


For  Points  on  the  x-axis  beyond  A\  The  directions  of 
the  magnetic  fields  due  to  currents  in  wires  I,  II  and 
III  are  along  the  positive  z-axis.  Hence  the  net  mag¬ 
netic  field  B  cannot  be  zero  beyond  A.  (i.e.  x  >  d). 
For  Points  between  O  and  B:  The  directions  of  the 
magnetic  fields  due  to  currents  in  wires  I  and  II  are 
along  the  negative  z-axis  but  the  direction  of  the 
magnetic  field  due  to  current  in  wire  III  is  along 
the  positive  z-axis.  Hence  the  net  magnetic  field 
B  will  be  zero  for  some  value  of  x  lying  between 
x  =  0  and  x  =  d. 

For  Points  between  O  and  A:  The  directions  of  the 
magnetic  fields  due  to  currents  in  wires  I  and  II  are 
along  the  positive  z-axis  but  that  due  to  current  in 
wire  III  is  along  the  negative  z-axis.  Hence  the  net 
magnetic  field  B  will  be  zero  for  some  value  of  x 
lying  between  x  =  0  and  x  ■  —  ci. 

So  all  the  four  choices  are  correct. 

20.  The  radius  r  of  the  circular  path  of  a  particle  of  mass 
m  and  charge  q  moving  with  a  velocity  v  perpen¬ 
dicular  to  a  uniform  magnetic  field  B  is  given  by 
2 

mV  =  qvB  =>  mv  =  qrB  ( 1 ) 

r 


If  qx  =  q2,  then 


m,  v 


\vi 


m2v2 


It  follows  from  Fig.  24.66  that  rx  >  r2.  Hence  mxvx 

>  ™ivi- 

If  vx  =  v2,  then  from  Eq.  ( 1),  we  have 


!0l  = 

m2  q2r2 


r,  m,  nh 

Since  —  >  1 ,  mxq*,  >  m*,qx  or  —  >  —  .  If  mx  =  m2, 
r2  <7i  <72 

then  from  Eq.  (1)  we  find  that  vxq2  >  v2qx.  So  the 
correct  choices  are  (a)  and  (c). 

21.  Kinetic  energy  =  qV.  Hence  if  V  is  doubled,  K.E. 
is  also  doubled.  The  magnitude  of  the  angular 
momentum  about  the  centre  is  L  =  mvr.  Now  r  = 
mv/qB. 

Therefore, 


L  = 


2  2 
m  v 


qB 


2m  (l  9 
—  —  mv 
qB  v2 


2m 

qB 


X  (K.E.) 


Thus  if  V  is  doubled,  K.E.  is  doubled  and  L  is  also 
doubled.  The  radius  of  the  circular  path  is  given 
by 


r2  = 


2  2 
m  v 

2  r>2 

q  B 


2m 

2  d2 

q  B 


2m 

2  d2 

q  B 


XqV 


2  mV 
qB2 
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Thus  r  00  'JV .  The  frequency  of  revolution  is 
qB 

V  2nm 

Hence  the  correct  choices  are  (a),  (b)  and  (d). 

22.  Consider  a  point  P  at  a  distance  r  from  the  axis  of 
the  pipe.  For  all  points  inside  the  pipe,  r  <  R.  To  find 
the  magnetic  field  at  P,  we  choose  an  Amperean 
loop  to  be  a  cylindrical  loop  of  radius  R  as  shown 
in  Fig.  24.81.  Since  the  current  enclosed  in  the  Am¬ 
perean  surface  is  zero,  it  follows  from  Ampere’s 
circuital  law,  that  the  magnetic  field  is  zero  at  all 
points  inside  the  pipe.  For  points  outside  the  pipe, 
r  >  R,  we  have  from  Ampere’s  law, 


Fig.  24.81 


24.  Consider  a  small  element  of  length  dx  of  the  rod  at 
a  distance  x  from  wire  PQ  as  shown  in  Fig.  24.82. 
The  magnetic  field  due  to  wire  PQ  at  the  element 

is  Boh 


B  = 


2  nx 


Therefore,  force  exerted  on  the  element  is 
l  P 


Q 


Fig.  24.82 


dF=BIl  dx  = 

2  nx 

Total  force  experienced  by  the  rod  is 

f-  R 


(j)B  dl  =  HqI 

=>  B  x  jdl  =  jUq/  (B  is  ||  dl) 

=>  B  x  2  nr  =  jj()I 


„  Po1  .  „  1 

=>  B  ~  7 nr  ’  1-e‘  B  “  " 

z*JL  /  y 

At  the  surface  of  the  pipe  (r  =  R) 


B  = 


Pi)  I 

2nR 


Hence  the  correct  choices  are  (a)  and  (c). 

23.  Since  v  is  not  perpendicular  to  B,  the  particle 
will  not  describe  a  circle.  The  force  acting  on  the 
particle  is 

F  =  q( v  x  B) 

A  I A  A  a\ 

=  q[v0i  xi?o\i+j+k/] 


I  A  A  A 

=  qvQB0[ix  i+  ix 


j+  ix  kj 


=  qv()B0[k-jJ 

Thus  the  magnitude  of  the  force  is 
F  =  qv0B(l  =  qVoB0(l2  +  12)1/2  =  V2  qv0B() 
and  it  lies  in  the  y-z  plane.  Hence  the  correct  choic¬ 
es  are  (c)  and  (d). 


r/,/2  x=(rl)dx 

2n  ■*  x 


Now,  the  magnetic  field  B  is  not  uniform;  it 
decreases  as  we  go  from  and  A  to  end  B  of  the  rod. 
Hence  the  rod  will  also  experience  a  torque.  Thus 
the  correct  choices  are  (b)  and  (d). 

25.  From  F  =  qvB,  it  is  easy  to  see  that  the  dimension¬ 
al  formula  of  B  is  [ML0  T~2  A-1],  which  is  choice 
(a).  Choice  (b)  is  wrong.  From  =  fj.J(2n),  the 
dimensions  of  /./„  are 


[Pol 


[Six  [r] 
[/] 


ML°T±2A_1  x  L 
A 


[MLT2  A-2] 


1  q,q~. 

From  F  =  - - X  — ,  the  dimensions  of  e0  are 


47T£0  r2 


[£0]  =  - V  =  M-1  L-3  T4  A2 


[F][r2] 


MLT-2  xL2 


.-.  [At0e0]  =  [MLT2  A-2]  x  [M_1  L~3  T4  A2]  =  [L-2  T2] 
\lp0£0  =  [L  1  T],  which  is  reciprocal  to  speed. 
Hence  choice  (c)  is  incorrect. 
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From  qE  =  qvB,  we  find  that  —  =  v.  Hence  choice 
(d)  is  correct.  B 

26.  The  magnetic  field  due  to  current  I2  is  tangential 
to  the  curved  parts  AB  and  CD  of  the  loop.  Hence 
every  current  element  dl  of  parts  AB  and  CD  is  par¬ 
allel  or  antiparallel  to  B.  The  magnetic  force  on  AB 
or  CD  is  zero  since  0=  0°  or  180°  in  the  expression 
dF  =  Bldl  sin  6.  The  magnetic  force  on  straight  parts 
AD  and  BC  is  not  zero.  The  magnetic  force  on  AD 
is  directed  towards  the  reader  which  is  equal  and 
opposite  to  the  force  on  BC  which  is  directed  away 
from  the  reader.  These  equal  and  opposite  forces 
cancel  each  other.  Therefore,  the  net  force  on  the 
loop  ABCD  is  zero.  Since  these  equal  and  opposite 
forces  do  not  act  at  the  same  point,  they  will  exert 
a  net  torque  on  the  loop  which  will  rotate  it  in  the 
clockwise  sense  when  viewed  from  O.  Hence  the 
correct  choices  are  (a)  and  (c). 

27.  The  radius  of  the  circular  track  is  given  by 

mv 

qB 

For  a  neutron  q  =  0.  For  an  electron  q  =  — e  and  for 
a  proton  q  =  +e.  For  an  alpha  particle  q  =  2e  and 
m  =  mass  of  four  protons.  Hence  the  correct  choices 
are  (a)  and  (b). 

28.  In  going  from  P  to  Q,  the  change  in  the  kinetic 

1  2  1  2  3 

energy  of  the  particle  =  —  m(2v)  —  —  mv  =  — 

mv2.  The  work  done  by  the  electric  field  in  mov¬ 


ing  the  particle  from  P  to  Q  =  F  d  where  d  is  the 
displacement  in  the  direction  of  E.  So  work  done 

A  A  A  A 

W=  <?E  i -2a  i  =  2 qaE  i  ■  i  =  2 qaE .  Now  work  done 
=  change  in  K.E.  Hence 


2  qaE  = 


E  = 


3mv2 

4qa 


Thus  choice  (a)  is  correct. 

Rate  of  work  done  by  electric  field  at  P  is 

a  a  3  mv2 

F  •  v  =  qE  l  •  v  l  =  qEv  =  qx - X  v 

v  4qa 


3mvi 

4a 

So  choice  (b)  is  also  correct. 

Rate  of  work  done  by  both  the  field  at  Q  is  zero 

A  A  J  A  A 

because  i  -  j  =  0  and  ik  =  0.  Hence  the  correct 
choices  are  (a),  (b)  and  (d). 

29.  In  region  II,  the  particle  follows  a  circular  path  of 
radius 


mv 


qB 

Therefore,  the  particle  can  enter  region  III  if  r  >  /, 

•  .  qBl 

i.e.  it  v  >  - . 


m 

In  region  II,  the  maximum  path  length  is  r  =  l, 

w  u  ■  (lBl 

which  gives  v  =  - 

m 

The  time  period  of  the  circular  motion  is 

_  2 nr  2 n  mv  2nm 
I  —  X  — — 

v  v  qB  qB 

The  particle  will  return  to  region  I  if  the  time  spent 
T  TCITl 

by  it  in  region  II  is  —  = - ,  which  is  independent 

2  qB 

of  the  velocity.  Hence  the  correct  choices  are  (a), 
(c)  and  (d). 

30.  |  mnv2n  =  |  mHev 2He  =  |  mQ v20.  Given  mu  =  lu, 
=  4u  and  m0  =  16u.  Hence  ziH„  =  —  vu  and 


'He 


He 


Vn  =  -V 


H- 


The  radius  of  the  circular  path  is  given  by 
„  mv 

R  =  — ;  q  =  charge 
qB 

Now  charge  of  H+  =  e,  charge  of  He+  =  e  and  charge 
of  0++  =  2e.  It  is  easy  to  check  that  rHe  =  r0  and 

1 

Hi  f,  :2  Hie 

Smaller  the  value  of  r,  greater  is  the  deflection. 
Thus  the  correct  choices  are  (a)  and  (c). 

31.  The  following  figure  shows  the  trajectories  of 
the  electron  and  proton  in  the  region  of  magnetic 
field. 

mv 


Since 

electron 

\ _ *- 


r  = 


qB 


r  >  y 
'  p  '  e 


Since  riB,  the  charged  particle  describes  a  semi¬ 
circular  trajectory.  Hence  the  time  after  which 
the  particle  comes  out  of  the  field  =  half  the  time 
period,  i.e. 
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T  nm 
2  qB 


Since  mp  >  m„ 


and  q  and  B  are  the  same,  t  >  te 


Hence  the  correct  choices  are  (b)  and  (d). 


Multiple  Choice  Questions  based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

Two  long  parallel  wires  carrying  currents  2.5  amperes 
and  /  ampere  in  the  same  direction  (directed  into  the 
plane  of  the  paper)  are  held  at  P  and  Q  respectively  such 
that  they  are  perpendicular  to  the  plane  of  the  paper.  The 
points  P  and  Q  are  located  at  a  distance  of  5  m  and  2  m, 
respectively,  from  a  collinear  point  R  (see  Fig.  24.84). 

P  Q  R 


2.5  A  =  r 


T  ^ 

1  h—  r2  =  2m  - 
r- \  =  5m - 


-i - 


Fig.  24.84 


SOLUTION 


1.  The  magnitude  of  the  force  experienced  by  a 
particle  of  charge  q  moving  with  a  velocity  v  in  a 
magnetic  field  is  given  by 

F  =  qvB  sin  6 

where  0is  the  angle  between  v  and  B.  Given  F=  3.2 
X  1(T20N,  v  =  4  x  105  ms-1  and  0=  90°.  For  electron 
q  =  1.6  X  1(T19  C.  Using  these  value  we  get 
B  =  5  x  10  7T,  which  is  choice  (b) 

2.  The  magnetic  field  at  point  R  due  to  currect  /'  in 
wire  P  is 


B  i  = 


Pol'  _  47TX10  7  x  2.5  =  i  iq-7  j 


2^  2nx5 

The  correct  choice  is  (a). 


An  electron  moving  with  a  velocity  of  4  x  1 05  m/s  along 
the  positive  x-direction  experiences  a  force  of  magnitude 
3.2  x  1(T20  N  at  the  point  R. 

<  IIT,  1990 

1.  The  magnitude  of  magnetic  field  at  point  R  is 

(a)  2.5  x  1(T7  T  (b)  5.0  x  1(T7  T 

(c)  5.0  x  KT6  T  (d)  2.5  x  1(T6  T 

2.  The  magnitude  of  magnetic  field  at  point  R  due  to 
current  /'=  2.5  A  in  wire  P  is 

(a)  1  x  1(T7  T  (b)  2  x  1(T7  T 

(b)  3  x  1(T7  T  (d)  4  x  1(T7  T 

3.  The  current  /  in  wire  Q  is 

(a)  1  A  (b)  2  A 

(c)  3  A  (d)  4  A 


3.  The  magnetic  field  at  point  R  due  to  currect  /  in 
wire  Q  is 


/d0I  _  47tx10  7  xl 


b2  = 


2  nr-, 


2nx2 


=  /  x  10~7T 


Both  fields  Bx  and  B2  will  be  in  the  downwar 

direction,  parallel  and  colliner.  Hence  the  resultant 

magnetic  field  at  point  R  is 

B  =  By  +B2  =  (1  +1)  x  10~7T 

Now  B  =  5  x  10  7  T.  Therefore 

(1  +l)x  1 0  7  =  5  x  10-7 

or  1  +  /  =  5  or  /  =  4  A. 

So  the  correct  choice  is  (d). 


Questions  4  to  7  are  based  on  the  following  passage 
Passage  II 

The  region  between  x  =  0  and  x  =  L  is  filled  with  a  uniform, 

A 

steady  magnetic  field  B0  k  .  A  particle  of  mass  m,  positive 

A 

charge  and  velocity  y0  i  travels  along  x-axis  and  enters 
the  region  of  the  magnetic  field.  Neglect  gravity. 

<  IIT,  1999 


4.  The  force  experienced  by  the  charged  particle  in  the 
magnetic  field  is 

(a)  along  the  positive  y-direction 

(b)  along  the  negative  y-direction 

(c)  in  the  x-y  plane 

(d)  in  the  y-z  plane. 

5.  If  the  particle  emerges  from  the  region  of  magnetic 
field  with  its  final  velocity  at  an  angle  of  30°  to  its 
initial  velocity,  the  value  of  L  is 


24.42  Comprehensive  Physics — JEE  Advanced 


(a)  2’m« 

qBo 

(b)  mV« 
qB0 

(c)  mv° 

2qB0 

(d)  Jimv  0 

2qB0 

If  the  magnetic  field  now  extends  up  to  x  =  2.1  L, 
the  final  velocity  of  the  particle  when  it  emerges  out 
of  the  region  of  magnetic  field  will  be 

A 

(a)  y0i 

1 

O 

N—  > 

A  A 

(c)  v0  j  (d)  -  v0  j 

7.  In  Q.  6,  the  time  spent  by  the  particle  in  the  mag¬ 
netic  field  is 


(a)  t 


2nm 

qB0 


(b) 


'Jlnm 


qB0 


(c)  t 


sl^nm 
2  cjB0 


(d) 


nm 

qB0 


SOLUTION 

4.  The  force  experienced  by  the  charged  particle  is 
given  by 

F=?(vxB)  =  (D0i)x  (B0  k  ) 


A  A 

=  qv0B0(  i  X  k ) 

=  qvoBo(-  j )  (i) 

The  force  is  along  the  negative  y-direction,  which 
is  choice  (b). 

5.  Refer  to  Fig.  24.85. 


B  =  e0  k(out  of  page) 


The  particle  describes  a  circle  of  radius 


mv0 

qB0 


(2) 


Since  the  particle  emerges  from  the  region  of  the 
magnetic  field  with  the  velocity  vector  making  an 
angle  of  30°  with  the  initial  vector,  it  follows  from 
triangle  ABC  that 

AB  =  AC  sin  30° 
or  L  =  r  sin  30° 


mv  o  sin  30° 


qB0 


mv0 
2  qB0 


(3) 


Thus  the  correct  choice  is  (c). 

Comparing  (2)  and  (3)  we  find  that  =  2.  Since  the 
magnetic  field  now  extends  up  to  =  2. 1 ,  the  particle 
will  continue  to  move  in  a  circular  path  till  it  com¬ 
pletes  half  the  circular  path  and  emerges  out  of  the 

A 

region  of  the  magnetic  field  with  a  velocity  -  P0  i 
moving  along  the  negative  x-axis  as  shown  in  Fig. 
24.39. 


Distance  travelled  by  the  particle  in  the  magnetic 
field  =  half  the  circumference  =  n .  Therefore,  time 
spent  in  the  magnetic  field  is 
nm 


nr  _ 
v0  qB0 


[Use  Eq.  (2)] 


So  the  correct  choice  is  (d). 


Questions  8  to  11  are  based  on  the  following  passage 
Passage  III 

A  wire  loop  consists  of  a  straight  segment  AB  and  a  circular 
arc  ACB  of  radius  r.  The  segment  AB  subtends  an  angle 
of  60°  at  the  centre  O  of  the  circular  arc.  The  wire  loop 
carries  a  current  /  in  the  clockwise  direction  (Fig.  24.86). 
8.  The  magnetic  field  at  O  due  to  the  straight 
segment  AB  is 

/V  „ ,  Hoi 


(a) 


(c) 


2  nr 

Ah)[ 

2'Jlni 


(b) 


(d) 


2^2 nr 

Bo1 
4  nr 


9.  The  magnetic  field  B2  at  O  due  to  the  circular  arc 
ACB  is  C 

(a)  W 

12r 

(b)  BoL 

2  r 

(c)  3  Ah)/ 

8  r 

(d)  W 

18r  Fig.  24.86 

10.  The  net  magnetic  field  B  at  O  due  to  the  whole  wire 
loop  is 
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(a)  B=Bx+B2  (b )  B=B2-  fi, 

(c)  B  =  +5?  (d)  B  =  <JbI-B? 

11.  The  direction  of  the  magnetic  field  B  is 

(a)  parallel  to  the  plane  of  the  coil 

SOLUTION 


(b)  perpendicular  to  the  plane  of  the  coil  and 
directed  out  of  the  page 

(c)  perpendicular  to  the  plane  of  the  coil  and 
directed  into  the  page. 

(d)  inclined  at  an  angle  of  60°  with  the  plane  of 
the  coil. 


8.  As  shown  in  Fig.  24.87,  the  magnetic  field  at  O  due 
to  current  /  in  AB  is  given  by  (use  Biot-Savart  law) 
O 

/« p\ 

/  \ 
r  /  x  \r 

/  |  \ 

/4Z - 1 - < — -B 

/ 

Fig.  24.87 


9.  The  magnetic  field  at  the  centre  of  a  complete 
(n  =  1  turn)  circular  loop  of  radius  r  and  carrying 
a  current  /  is 

B=  Bo nl 
2  r 

Flere  loop  ACB  is  a  fraction  of  a  circle  i.e.  n  <  1. 
Since  ACB  subtends  an  angle  (360°  -  60°)  =  300° 
at  O,  hence  the  fraction  n  is 


Bab 


(sin  a  +  sin  B ) 

4  nx 


300°  5 

n  =  -  =  — 

360°  6 


Here  a  (i  ~  30°.  Alsox  =  r  cos  a=  r  cos  30°  = 
Therefore, 


V3r 

~2 


B  i  = 


4nx\l3r/2 


x(sin30°  +  sin30°) 


=  -  x  (0.5  +  0.5)  = 

2\l3n  r  2\l3n  r 


which  is  choice  (c). 

The  direction  of  the  field  is  perpendicular  to  the 
plane  of  the  paper  directed  into  the  page. 


Therefore,  magnetic  field  due  to  arc  ACB  is 

f  ftxfxl  w 

2  r  12  r 

As  the  current  in  ACB  is  clockwise,  the  direction  of 
the  magnetic  field  is  perpendicular  to  the  plane  of 
the  paper  and  directed  into  the  page. 

The  correct  choice  is  (a). 

10.  Since  Bx  and  B2  are  in  the  same  direction,  the  net 
field  is  B  =  (Bx  +  B2),  which  is  choice  (a). 

11.  The  correct  choice  is  (c). 


Questions  12  to  15  are  based  on  the  following  passage 
Passage  IV 

A  moving  coil  galvanometer  consists  of  a  coil  of  N  turns 
and  area  suspended  by  a  thin  phosphor  bronze  strip  in 
radial  magnetic  field  B.  The  moment  of  inertia  of  the 
coil  about  the  axis  of  rotation  is  /  and  C  is  the  torsional 
constant  of  the  phosphor  bronze  strip.  When  a  current  is 
passed  through  the  coil,  it  deflects  through  an  angle  d 
(in  radian). 

<  IIT,  2004 

12.  Choose  the  correct  statement  from  the  following. 
The  magnitude  of  the  torque  experienced  by  the 
coil  is  independent  of 

(a)  N  (b)  B 

(c)  /  (d)  / 

13.  The  current  sensitivity  of  the  galvanometer  is 
increased  if 

(a)  N,  A  and  B  are  increased  and  C  is  de¬ 
creased. 


(b)  N  and  A  are  increased  and  B  and  C  are 
decreased 

(c)  N,  B  and  C  are  increased  and  A  is 
decreased 

(d)  N,  A,  B  and  C  are  all  increased. 

14.  When  a  charge  is  passed  almost  instantly  through 


the  coil,  the  angular  speed  co  acquired  by  the  coil 

is 

NAB 
(a)  Q, 

(b)  BAQ 

NI 

(.) 

«i)  NAQ‘ 

B 

In  Q.  14,  the  maximum 
radian)  of  the  coil  is 

angular  deflection  (in 

(a)  0max  = 

(b)  6>max  = 

(C)  0m  ax  =  I 

(d)  0max  =  coVTc 

24.44  Comprehensive  Physics — JEE  Advanced 


SOLUTION 


12.  The  magnitude  of  torque  experienced  by  the  coil  is 
given  by 

T  =  iNAB  sin  a 

where  a  is  the  angle  which  the  normal  to  the  plane 
of  the  coil  makes  with  the  direction  of  the  magnetic 
field.  If  the  magnetic  field  is  radial,  the  plane  of  the 
coil  is  always  parallel  to  the  direction  of  the  magnet¬ 
ic  field,  i.e.  a  =  90°.  Hence  z  =  iNAB  =  Ki  =  where 
K  =  NAB 
So  the  correct  choice  is  (d). 

13.  Let  0  be  the  angular  deflection  (in  radian)  when  a 
current  i  is  passed  through  the  coil.  Then,  restor¬ 
ing  torque  =  CO.  When  the  coil  is  in  equilibrium, 
deflecting  torque  =  restoring  torque,  i.e. 

iNAB  =  9 


14.  If  co  is  the  angular  speed  acquired  by  the  coil  when 
a  charge  is  passed  through  it  for  very  short  time  At, 
then 

angular  momentum  _  /<y 
time  interval  a  t 


or  co  =  tA t  =  A  =  KQ 


or  Ia>  =  NABQ  or  co  =  —  ,  which  is  choice 

(c).  1 

15.  From  the  principle  of  conservation  of  energy,  we 
have 

-or=  -  9* 


Current  sensitivity  is  —  =  — 
i 

Hence  the  correct  choice  is  (a). 


which  gives  @max  =  co^—  ,  which  is  choice  (a) 


Questions  16  to  18  are  based  on  the  following  passage 
Passage  V 

A  particle  of  mass  1.6  x  1(T27  kg  and  charge  1.6  x  1(T19  C 
enters  a  region  of  uniform  magnetic  field  of  1  T  at  E 
along  the  direction  shown  in  Fig.  24.88.  The  speed  of  the 
particle  is  107  ms-1.  The  magnetic  field  is  directed  along 
the  inward  nonnal  to  the  plane  of  the  paper.  The  particle 
leaves  the  region  of  the  field  at  F. 

<  IIT,  1984 

16.  The  value  of  angle  9  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  75° 

17.  The  radius  of  the  circular  path  of  the  particle  in  the 
magnetic  field  is 

(a)  0.1  m  (b)  0.2  m 

(c)  0.3  m  (d)  0.4  m 

SOLUTION 


18.  The  distance  EF  is 
(a)  a/2  m 

„  72 
(O  -m 


71 

,b)  T  m 
(d) 


Fig.  24.88 


16.  Let  O  be  the  centre  of  the  circular  path.  It  is  ob¬ 
vious  that  the  particle  will  leave  the  field  at  F 
such  that  BF  is  tangent  to  the  circle.  OE  and  OF 
are  normals,  which  meet  at  O  (see  Fig.  24.89). 
Therefore,  angle  OFE  =  angle  OEF.  Hence  6=  45°. 

JflV 

17.  r  =  — .  Substituting  the  given  values  and  solving 

qB 

we  get  r  =  0.1  m 

18.  EF  =2  r  cos  45°  =  a/2  r  =  x  0.1  =  —  m 

10 


0  X  X 


Fig.  24.89 


Magnetic  Effect  of  Current  and  Magnetism  24.45 


Matrix  Matching  Type 

1.  In  Column  I  are  listed  some  charged  bodies  and  current  carrying  conductors.  Match  them  with  the  effects  they 
produce  listed  in  column  II 

Column  I  Column  II 


(a)  A  uniformly  charged  stationary  ring 

(b)  A  uniformly  charged  ring  rotating 
with  a  constant  angular  velocity 

(c)  A  coil  carrying  a  current  I  =  I0  sin  cot 

(d)  A  wire  carrying  a  constant  current 


(p)  Electric  field 

(q)  Magnetic  field 

(r)  Magnetic  moment 

(s)  Issnduced  electric  field 


■  IIT,  2006 


ANSWER 


(a)  -» (p) 

(c)  -»  (p),  (r),  (s) 


(b) 

(d) 


(p) ,  (q),  (r) 

(q) 


2.  Two  wires  each  carrying  a  steady  current  /  are  shown  in  four  configurations  in  Column  I.  Some  of  the  resulting 
effects  are  described  in  Column  II.  Match  the  statemens  in  Column  I  with  those  in  Column  II. 


(b) 


Column  I 

Column  II 

Point  P  midway  between  wires 

P 

(P) 

The  magnetic  fields  ( B )  at  P  due  to  the  currents 
in  the  wires  are  in  the  same  direction. 

Point  P  is  situated  at  the  mid-point  of  the  line 
joining  the  centers  of  the  circular  wires  which 
have  same  radii. 

(q) 

The  magnetic  fields  ( B )  at  P  due  to  the  current 
in  the  wires  are  in  opposite  directions. 

f 

\  f 

P 

\ 

\ 

i  l 

(c) 


Point  P  is  situated  at  the  mid-point  of  the  line 
joining  the  centers  of  the  circular  wires,  which 
have  same  radii 


(r)  There  is  no  magnetic  field  at  P. 


(d)  Point  P  is  situated  at  the  common  centre 
of  the  wires. 


(s)  The  wires  repel  each  other. 
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SOLUTION 

(a)  At  point  P  midway  between  two  wires  carrying  equal  currents  in  the  same  direction,  the  magnetic  fields  due  to 
the  currents  are  equal  but  in  opposite  directions.  Hence  the  correct  choices  are  (q)  and  (r). 

(b)  The  currents  in  the  two  coils  are  in  the  same  sense  (anticlockwise).  Hence,  at  point,  P,  the  magnetic  fields  due  to 
the  current  are  the  same  direction,  which  is  choice  (p). 

(c)  Since  the  currents  in  the  circular  coils  are  in  the  opposite  sense,  the  magnetic  fields  at  point  P  due  to  the  currents 
are  in  the  opposite  directions.  Since  point  P  is  the  same  distance  from  the  centres  of  the  coils,  and  their  radii  are 
equal  the  magnitudes  of  the  magnetic  fields  due  to  the  currents  are  equal.  Therefore,  the  net  magnetic  fields  at 
point  P  is  zero.  Hence  the  correct  choices  are  (q)  and  (r). 

(d)  The  magnetic  fields  at  the  common  centre  P  of  the  coils  are  not  equal  (because  their  radii  are  different).  Further, 
since  the  currents  in  the  coils  are  in  the  opposite  sense,  the  magnetic  fields  due  to  the  currents  are  in  opposite 
direction.  If  the  currents  are  in  opposite  directions  in  coils  (or  wires),  they  repel  each  other.  Hence  the  correct 
choices  are  (q)  and  (s). 

(a)  (q),  (r)  (b)  (p) 

(c)  ->  (q),  (r)  (d)  ->  (q),  (s) 

3.  Six  point  charges,  each  of  the  same  magnitude  q,  are  arranged  in  different  manners  as  shown  in 
Column  II.  In  each  case,  a  point  M and  a  line  PQ  passing  through  Mare  shown.  Let  E  be  the  electric  field  and  V 
be  the  electric  potential  at  M  (potential  at  infinity  is  zero)  due  to  the  given  charge  distribution  when  it  is  at  rest. 
Now,  the  whole  system  is  set  into  rotation  with  a  constant  angular  velocity  about  the  line  PQ.  Let  B  the  magnetic 
field  at  M  and  u  be  the  magnetic  moment  of  the  system  in  this  condition.  Assume  each  rotating  charge  to  be 
equivalent  to  a  steady  current. 

<  IIT,  2007 

Column  II 


Charges  are  at  the  comers  of  a  regular  hexa¬ 
gon.  M  is  at  the  centre  of  the  hexagon.  PQ  is 
perpendicular  to  the  plane  of  the  hexagon. 


Charges  are  on  a  line  perpendicular  to  PQ  at 
equal  intervals.  Mis  the  mid-point  between  the 
two  innermost  charges. 


Charges  are  placed  on  two  coplanar  insulating 
rings  at  equal  intervals.  M  is  the  common 
centre  of  the  rings.  PQ  is  perpendicular  to  the 
plane  of  the  rings. 


Charges  are  placed  at  the  comers  of  a  rectangle 
of  sides  a  and  2 a  and  at  the  mid  point  of  the 
longer  sides.  Mis  at  the  centre  of  the  rectangle. 
PQ  is  parralled  to  the  longer  sides. 


Charges  are  placed  on  two  coplanar,  identical 
insulating  rings  at  equal  intervals.  M  is  the 
mid-point  between  the  centres  of  the  rings.  PQ 
is  perpendicular  to  the  line  joining  the  centres 
coplanar  to 


Column  I 


(a)  £=0(p) 


Q 

+ 


M 


(p) 


(b)  L*0(q) 


M\ 


(q) 


(c)  S  =  0  (r) 


(r) 


(d)  jujt  0  (s) 


M 

-Q 


(s) 


(t) 
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SOLUTION 


2q 

(p)  Electric  field  at  M  due  to  charge  at  A  and  B  =  - —  where  r  =  AM  =  BM  directed  from  M  to  B.  The  electric 

47T£0r“ 

fields  at  M  due  to  other  charges  are  shown.  It  follows  that  the  net  electric  field  at  I  due  to  all  charges  =  0.  Also 
net  V=  0.  Since  the  total  charge  of  the  system  is  zero,  on  rotation  net  current  =  0.  Hence  B=  0  and  //  =  0 


+  q  -q 


(q)  The  net  charge  on  the  right  of  Mis  2q  -  q  =  q  and  on  the  left  of  Mis  -q.  Hence  the  net  electric  field  at  Mis  finite 
and  directed  to  the  left  of  M  But  net  V=  0.  Net  charge  =  0.  On  rotation,  current  =  0.  Hence  B  =  0  and  //  =  0. 


(r)  Net  electric  field  at  M  =  0  as  the  angles  between  individual  fields  is  120°.  Net  V  0.  On  rotating,  net  current  is 

not  zero.  Hence  B  ^  0  and  //  0. 

(s)  It  follows  from  the  figure  that  net  E  =  0.  But  net  0.  On  rotating,  net  current  ^  0.  Hence  B  ^  0  and  //  ^  0. 

It  follows  from  the  figure  that  net  electric  field  E  ■£  0  and  is  directed  to  the  right  but  net  V  =  0.  On  rotation,  net 
current  =  0.  Hence  B  =  0  and  /i  =  0. 


P 


ANSWERS 

(b)  — >  (r),  (s) 
(d)  — >  (r),  (s) 


(a)  ->  (p),  (r),  (s) 
(c)  (p),  (q),  (t) 
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Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  statement-2  (Reason).  Each  question  has  the 
following  four  options  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  True,  Statement-2  is  True 
and  State-ment-2  is  a  correct  explanation  for 
Statement- 1 . 

(b)  Statement- 1  is  True,  Statement-2  is  True;  but 
Statement-2  is  NOT  a  correct  explanation 
for  Statement- 1. 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement  1 

A  non-uniform  magnetic  field  that  varies  in  mag¬ 
nitude  from  point  to  point  but  has  a  constant  direc¬ 
tion,  is  set  up  in  a  region  of  space.  If  a  charged 
particle  enters  the  region  in  the  direction  of  the 
magnetic  field,  it  will  be  accelerated  at  non- 
uniform  rate  in  the  region. 

Statement  2 


The  force  F  experienced  by  a  particle  of  charge 
moving  with  a  velocity  v  in  a  magnetic  field  B  is 

given  by  F  =  (v  x  B ). 

2.  Statement  1 

A  charged  particle  moves  in  a  uniform  magnetic 
field  for  some  time.  During  this  time,  the  kinetic 
energy  of  the  particle  cannot  change  but  its  momen¬ 
tum  can  change. 

Statement  2 

The  magnetic  force  is  always  perpendicular  to  the 
velocity  of  the  particle. 

<  IIT,  1993 

3.  Statement  2 

A  current  carrying  loop  is  free  to  rotate.  It  is  placed 
in  a  uniform  magnetic  field.  It  will  attain  equilibrium 
when  its  plane  is  perpendicular  to  the  magnetic  field. 

Statement  2 

The  torque  on  the  coil  is  zero  when  its  plane  is 
perpendicular  to  the  magnetic  field. 

4.  Statement  1 

An  electron  moving  in  the  positive  -direction 
enters  a  region  where  unifonn  electric  and  magnetic 
fields  exist  perpendicular  to  each  other.  The  electric 
field  is  in  the  negative  -direction.  If  the  electron 


travels  undeflected  in  this  region,  the  direction  of 
the  magnetic  field  is  along  the  negative  -axis. 

Statement  2 

If  a  charged  particle  moves  in  a  direction  perpen¬ 
dicular  to  a  magnetic  field,  the  direction  of  the  force 
acting  on  it  is  given  by  Fleming’s  left-hand  rule. 

5.  Statement  1 

If  a  charged  particle  is  released  from  rest  in  a  region 
of  uniform  electric  and  magnetic  fields  parallel  to 
each  other,  it  will  move  in  a  straight  line. 

Statement  2 

The  electric  field  exerts  no  force  on  the  particle  but 
the  magnetic  field  does. 

6.  Statement  1 

A  proton  and  an  alpha  particle  having  the  same 
kinetic  energy  are  moving  in  circular  paths  in  a 
uniform  magnetic  field.  The  radii  of  their  circular 
paths  will  be  equal. 

Statement  2 

Any  two  charged  particles  having  equal  kinetic 
energies  and  entering  a  region  of  uniform  magnet¬ 
ic  field  B  in  a  direction  perpendicular  to  B  ,  will 
describe  circular  trajectories  of  equal  radii. 

7.  Statement  1 

Two  particles  having  equal  charges  and  masses 
m  |  and  m2,  after  being  accelerated  by  the  same 
potential  difference  (V),  enter  a  region  of  uniform 
magnetic  field  and  describe  circular  paths  of  radii 
rx  and  r2  respectively.  Then 


Statement  2 

Gain  in  kinetic  energy  =  work  done  to  accelerate 
the  charged  particle  through  potential  difference  . 

8.  Statement-1 

No  net  force  acts  on  a  rectangular  coil  carrying  a 
steady  current  when  a  suspended  freely  in  a  uni¬ 
form  magnetic  field. 

Statement-2 

The  magnitude  of  force  experienced  by  a  straight 
conductor  of  length/,  carrying  a  current  /  and  placed 
perpendicular  to  a  uniform  magnetic  field  B  is  BIL. 

<  IIT,  1981 
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9.  Statement-I 

There  is  no  change  in  the  energy  of  a  charged  parti¬ 
cle  moving  in  a  magnetic  field  although  a  magnetic 
force  is  acting  on  it. 

Statement-2 

The  magnetic  force  acting  on  a  moving  charged 
particle  is  always  perpendicular  to  its  velocity. 

<  IIT,  1983 

10.  Statement-I 

A  charged  particle  enters  a  region  of  uniform  mag¬ 
netic  field  at  an  angle  of  85°  to  the  field  lines.  The 
path  of  the  particle  is  a  circle. 

Statement-2 

The  field  lines  of  a  uniform  magnetic  field  are  par¬ 
allel  and  equidistant. 

<  IIT,  1983 

11.  Statement-I 

An  electron  and  a  proton  are  moving  with  the  same 
kinetic  energy  along  the  same  direction.  When 
they  enter  a  uniform  magnetic  field  perpendicular 
to  their  direction  of  motion,  they  describe  circular 
path  of  the  same  radius. 

Statement-2 

The  radius  of  the  circular  pathof  a  particle  of  charge 
q,  mass  m  and  moving  with  velocity  v  perpendicu¬ 
lar  to  a  magnetic  field  B  is  given  by 

SOLUTIONS 

1.  The  correct  choice  is  (d).  If  v  is  parallel  to  B,  F  = 
0.  Hence  the  particle  does  not  experience  any  force 
and  is,  therefore,  not  accelerated  in  the  region.  It 
will  travel  undeflected  with  a  constant  speed. 

2.  The  correct  choice  is  (a).  Since  the  magnetic  force 
is  always  perpendicular  to  the  velocity,  no  work 
is  done  by  a  uniform  magnetic  field  on  a  charged 
particle.  Hence  magnetic  force  cannot  change  the 
magnitude  of  velocity  (i.e.  speed);  it  can  only 
change  the  direction  of  velocity.  Hence  kinetic  en¬ 
ergy  |=  ^  mv2 1  remains  unchanged  but  momentum 
p  =  v  will  change. 

3.  The  correct  choice  is  (a).  The  loop  will  rotate  and 
come  to  rest  when  the  torque  acting  on  it  becomes 
zero.  The  magnitude  to  torque  acting  on  a  loop  of 
area  A  and  carrying  a  current  /  in  a  magnetic  field 
B  is  given  by 

T  =  BIA  sin  0 

where  0  is  the  angle  between  the  direction  of  the 
magnetic  field  and  the  normal  to  the  plane  of  the 
coil.  It  is  clear  that  x  =  0  when  0=0,  i.e.  when  the 


12. 


13. 


mv 


r  = 


qB 


<  IIT,  1985 


Statement-1 

A  non-uniform  magnetic  field  that  varies  in  magni¬ 
tude  from  point  to  point  but  has  a  constant  direction, 
is  set  up  in  a  region  of  space.  If  a  charged  particle 
enters  the  region  in  the  direction  of  the  magnetic 
field,  it  will  be  accelerated  at  non-uniform  rate  in 
the  region 
Statement-2 

The  force  F  experienced  by  a  particle  of  charged 
q  moving  with  a  velocity  v  in  a  magnetic  field  B 
is  given  by  F  =  q(  v  x  B ) 


Hut,  1989 


Statement-I 

The  sensitivity  of  a  moving  coil  galvanometer  is 
increased  by  placing  a  suitable  magnetic  material 
as  a  core  inside  the  coil. 

Statement-2 

Soft  iron  has  a  high  magnetic  permeability  and  can¬ 
not  be  easily  magnetized  or  demagnetized. 


■  IIT,  2008 


plane  of  the  coil  is  perpendicular  to  the  magnetic 
field. 

4.  The  correct  choice  is  (a).  Because  electron  has  a 
negative  charge,  an  electric  field  in  the  negative 
-direction  will  deflect  it  in  the  positive  -direction.  It 
will  travel  undeflected  if  the  magnetic  field  imparts 
an  equal  deflection  in  the  negative  -direction.  Since 
the  magnetic  force  is  perpendicular  to  the  magnetic 
field  and  the  charge  of  electron  is  negative,  the 
direction  of  the  magnetic  field  (according  to  Flem¬ 
ing’s  left-hand  rule)  should  be  along  the  negative 
-direction. 

5.  The  correct  choice  is  (c).  Due  to  electric  field,  the 
force  is  F  =  E  in  the  direction  of  E .  Since  E 
is  parallel  to  B  ,  the  particle  velocity  v  (acquired 
due  to  force  F)  is  parallel  to  B .  Hence  B  will  not 
exert  any  force  since  v  x  B  =  0  and  the  motion  of 
the  particle  is  not  affected  by  B  . 

6.  The  correct  choice  is  (c).  The  radius  of  the  circular 
path  is  given  by 

mv  \flmK  i 

=  —  =  —  ;  where  =  -  v 

qB  qB  2 
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7. 


8. 


4m 

Since  and  are  the  same  forthe  two  particles,  r  00  . 

Now,  the  charge  of  an  alpha  particle  is  twice  that 
of  a  proton  and  its  mass  is  four  times  the  mass  of  a 
proton,  4m /q  will  be  the  same  for  both  particles. 
Hence  will  be  the  same  for  both  particles. 

The  correct  choice  is  (d).  Kinetic  energy  K=  qV. 

Therefore  r,  =  and  r2  = 

qB  qB 


A  coil  ABCD  is  suspended  in  a  magnetic  field  B. 
Its  planes  makes  an  angle  6  with  B  and  it  carries 
a  current  /  as  shown  in  the  Fig.  24.90.  The  forces 
Fl=B  II  on  AB  and  CD  are  equal  and  opposite  but 
constitute  a  couple  which  tends  to  rotate  the  coil. 


10. 


11. 


D 


B 


12. 


B 


B 


13. 


These  forces  do  not  exert  any  net  force  on  the  coil. 
The  force  on  arms  AD  and  BC  are  F2=  B I  b  sin  0. 
These  forces  merely  compress  the  coil  and  are 
resisted  by  its  rigidity.  These  forces  also  exert  no 
net  force  on  the  coil.  Thus,  both  the  statements  are 
true  but  Statement-2  is  not  the  correct  explanation 
for  statement- 1 . 

F  =  q(v  x  B).  Since  F  is  perpendicular  to  v,  power 
p  =  F  •  v  =  0.  Hence  both  the  statements  are  true 
and  statement-2  is  the  correct  explanation  for  State¬ 
ment-  1 . 

The  path  of  the  Particle  is  a  helix;  it  is  a  circle  if 
the  particle  enters  the  field  at  angle  of  90°  with  the 
field  line.  So,  Statement- 1  is  false  but  Statement-2 
is  true. 


r  =  ■ 


mv 

qB 


a Jim  K 
qB 


where  K  =  —  mv 2 
2 


Since  K  and  q  are  the  same,  r  °c  4m  .  Hence  the 
electron  will  describe  a  circle  of  a  circle  of  a  smaller 
radius.  So.  Statement- 1  is  false  but  Statement-2  is 


true. 

If  v  is  parallel  to  B,F  =  0.  Hence  the  particle 
does  not  experience  any  force  and  is,  therefore,  not 
accelerated  in  the  region.  It  will  travel  undeflected 
with  a  constant  speed.  Statement- 1  is  false  and 
Statement-2  is  true. 

Placing  a  soft  iron  core  inside  the  coil  makes  the 
magnetic  field  radial  which  increases  the  torque 
acting  on  the  coil  due  to  a  given  current  flowing 
in  the  coil.  The  sensitivity  increases  because,  for 
the  same  current,  the  deflection  of  the  coil  is  more 
when  a  core  is  inserted  the  coil.  Statement- 1  is  true 
and  Statement-2  is  false. 


# 

Integer  Answer  Type 


1.  A  potential  difference  of  600  V  is  applied  across  the 
plates  of  a  parallel  plate  capacitor.  The  separation 
between  the  plates  is  3  mm.  An  electron  projected 
vertically,  parallel  to  the  plates  with  a  velocity  of 
2  x  1 05  ms"1  moves  undeflected  between  the  plates. 
Find  the  magnitude  of  the  magnetic  field  ( in  tesla) 
in  the  region  between  the  capacitor  plates.  Neglect 
edge  effects. 

<  IIT,  1981 


2.  Two  long  straight  parallel  wires  are  2  m  apart,  per¬ 
pendicular  to  the  plane  of  the  paper  (Fig.  24.91) 
Wire  A  carries  a  current  of  9.6  A  directed  into 
the  plane  of  the  paper.  Wire  B  carries  a  current 
such  that  the  magnetic  field  at  a  point  P  at  a  dis¬ 
tance  of  10/11  m  from  the  wire  is  zero.  Find  the 
magnitude  of  the  current  (in  ampere)  in  wire  B. 

3.  A  steady  current  current  /  goes  through  a  wire  loop 
PQR  having  shape  of  a  right  angle  triangle  with 
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PQ  =  3x.  PR  =  4x  and  OR  =  5x.  If  the  magnitude  of 

the  magnetic  field  at  P  due  to  this  loop  is  k 
find  the  value  of  k. 

<  IIT,  1990 


Wire/4 


Fig.  24.91 


487TX 


SOLUTION 


i.E=r  = 


600 


=  2  x  105  Vm 


-l 


d  3  x  1 0-3 

The  electron  will  move  undeflected  if  [see  Fig. 
24.93] 

„  „  „  E  2  x  105  _ 

evB  =  eE=>B  =  —  = - -  =  1 T 


v  2  x  105 


(+) 


(+) 


(+) 


(+) 


®B 


H 


(-) 


(-) 


(-) 


Fig.  24.93 

2.  Let  the  currents  in  A  and  B  be  Ix  and  l2  respec¬ 
tively.  Let  AP=Ry,  BP  =  R2.  According  to  Ampere’s 
right  hand  rule,  the  magnetic  field  at  P  due  to  /,  is 


4.  A  long  circular  tube  of  length  10  m  and  radius 
0.3  m  carries  a  current  /  along  its  curved  sur¬ 
face  as  shown.  A  wire-loop  of  resistance  0.005 
ohm  and  of  radius  0.1  m  is  placed  inside  the  tube 
with  its  axis  coinciding  with  the  axis  of  the  tube. 
The  current  varies  as  /  =  /  Ocos(300  t)  where  70  is 
constant.  If  the  magnetic  moment  of  the  loop  is 
NjuqI{ 0sin  (300  t),  then  ‘TV5  is 

<  IIT,  2011 


Fig.  24.92 


directed  to  the  right  in  the  plane  of  the  paper.  Its 
magnitude  is  given  by  (see  Fig.  24.94  on  page 
24.52) 

Bx  =  -M. 

2nRx 


The  net  field  at  P  will  be  zero,  if  the  field  B2  due  to 
I2  is  equal  and  opposite  to  Bx.  Therefore,  the  current 
in  wire  B  should  be  normal  to  it  and  directed  out  the 
plane  of  the  paper.  Therefore 


or 


or 

Given 


Thus 


B  i  B2 

Boh  _  Po I i 
2nRx  2kR2 

Mr 

2  2  Rx 

/,  =  9.6  A,  =  BP  =  —  m  and 
1  2  n 

10  32 

R ,  =  AB  +  BP  =  2  +  —  =  —  m. 

1  11  11 


h 


9.6x10/11  9.6x10 

- = -  =3.0  A 


32/11 


32 
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Fig.  24.94 


3.  The  magnetic  field  at  P  is  (Fig.  24.95) 

B  (at  P)  -  [sin  q  +  sin  90°  _  Q ] 
Anr 


=  — -  (sin  0  +  cos  6) 
Anr 

R 


Fig.  24.95 

r 

Now  sin  0  =  — 

4x 

r 

and  cos  6  =  — 

3x 

2  2 

2  2  r  r 

These  equations  give  sin  6+  cos  0  =  - -  H - - 

16x2  9x2 


3  4 

sin  9  =  -  and  cos  6  =  — 

5  5 

B(a,P)  -  Mf5  +  iTW  =  W 

Anr  V5  5  J  20 nr  48^x 

k  =7 

4.  From  Ampere’s  circuital  law,  the  magnetic  field 
inside  the  tube  is 

B  =  ;  L  =  length  of  tube 

/J.0I0  cos  (300 1) 

L 

If  r  is  the  radius  of  the  loop,  the  magnetic  flux 
through  it  is 

,  =  BA  =  Polo  cos  (300 t)nr2 
9  L 

Magnitude  of  induced  emf  is 

M-  — = bh&AXnl  x  sin  (3oo  /> 

dt  L 

The  induced  current  through  the  loop  is 

(«  £=ft4(300)^;sin(300() 

R  LR 

Magnetic  moment  of  the  loop  is 


M  =  i  x  nr 1  = 


-  55AZ V.  sin  poo,) 

RL 


Given  M  =  NjUqIq  sin  (300?) 
Comparing  (i)  and  (ii)  we  get 


3007rr4  _  300  X  (3.14)2  X  (0.1)4 
RL  ~  0.005x10 


=  5.92  =  6 


r  ^ 

Electromagnetic  I 

nduction 

MU 

and  A.G.  Circuits 

i_napier 

k  2 

1  1  u 
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REVIEW  OF  BASIC  CONCEPTS 

25.1  |  MAGNETIC  FLUX _ 

The  magnetic  flux  through  any  surface  placed  in  a 
magnetic  field  is  determined  by  the  number  of  the  lines 
of  force  that  cut  through  that  surface.  The  magnetic  flux 
through  a  coil  of  area  A  in  a  uniform  magnetic  field  B  is 
defined  as 

<p  =  B  ■  A  =  B  A  cos  0 

where  0  is  the  angle  between  the  normal  to  the  plane  of 
the  coil  and  the  magnetic  field.  If  the  coil  has  N  turns,  the 
magnetic  flux  through  the  coil  is  given  by 

<p  =  N  B  A  cos  6 

The  SI  unit  of  flux  is  called  weber  (Wb). 

For  a  curved  surface, 

4 t>=  Jb  dA 

j  FARADAY'S  LAWS  OF 
■  ELECTROMAGNETIC  INDUCTION _ 

The  magnitude  and  direction  of  induced  emf  can  be  deter¬ 
mined  by  the  application  of  two  laws  of  electromagnetic 
induction:  (i)  Faraday’s  law,  and  (ii)  Lenz’s  law. 


dtp 
e  00  — 
dt 

Lenz’s  Law 


According  to  Lenz’s  law,  the  direction 
emf  is  such  that  it  always  opposes  the 
produced  it. 

Thus 


of  the  induced 
cause  that  has 


e  = 


where  A:  is  a  positive  constant  whose  value  depends  on 
the  system  of  units.  In  SI  system  of  units,  k  =  1  and  one 
can  write 

dtp 

e  =  -  — 
dt 


Magnitude  of  induced  emf  is  \e\  = 


dtp 

dt 


If  tp  is  the  flux  through  one  turn  of  a  coil,  then  for  a  coil 
of  N  turns 


\e\  =  N 


dtp 

dt 


The  magnitude  of  the  induced  current  is  given  by 


induced  emf 

i  =  - 

total  resistance  of  circuit 


R 


dtp 

dt 


Faraday’s  Law  of  Electromagnetic  Induction 

On  the  basis  of  various  experiments,  Faraday  found  that 

1.  whenever  magnetic  flux  linked  with  a  circuit 
changes,  an  induced  emf  is  produced  in  the  ciruit, 

2.  the  induced  emf  lasts  as  long  as  the  change  in  the 
magnetic  flux  is  taking  place,  and 

3.  the  magnitude  of  the  induced  emf  is  directly  propor¬ 
tional  to  the  rate  of  change  of  magnetic  flux,  i.e. 


The  direction  of  induced  current  is  obtained  by  Lenz’s 
law. 


Flow  of  Induced  Charge 

When  a  current  is  induced  in  a  circuit  due  to  change 
in  magnetic  flux,  induced  charge  q  flows  through  the 
circuit. 


\idt=\j 


dtp 


dt 


dt=  - 
R 


l-jm 


change  in  flux 


Resistance 
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Heat  Dissipation 

Heat  dissipated  due  to  induced  current  is 
H=  j eidt  =  |  idt  =  i | \d(j)\ 

=  induced  current  x  change  in  flux 

Fleming’s  Right  Hand  Rule 

This  rule  gives  the  direction  of  the  induced  emf  when 
a  conductor  moves  at  right  angles  to  a  magnetic  field. 
Hold  the  thumb  and  the  first  two  fingers  of  your  right 
hand  mutually  perpendicular  to  each  other.  Then,  if  the 
first  finger  points  in  the  direction  of  the  magnetic  field 
and  the  thumb  points  in  the  direction  of  the  motion  of  the 
conductor,  then  the  second  finger  gives  the  direction  of  the 
induced  emf  (and  hence  of  the  induced  current). 

Applications  of  Lenz’s  Law 

(i)  If  the  magnet  is  moved  towards  the  coil  or  coil  is 
moved  towards  the  magnet,  the  induced  current  i  is 
anticlockwise  Fig.  25. 1 .  The  current  is  clockwise  if 
the  magnet  is  moved  away  from  the  coil. 


/ 


Fig.  25.1 

(ii)  The  induced  current  i  in  the  coil  is  anticlockwise  if 
(Fig.  25.2) 


Fig.  25.2 

(a)  the  coil  is  moved  towards  the  long  wire  car¬ 
rying  current  / 

or 

(b)  the  current  /  increases  with  time. 

The  current  /  is  clockwise  if 

(a)  the  coil  is  moved  away  from  wire 

or 

(b)  the  current  /  decreases  with  time. 

(iii)  Two  coils  carrying  currents  ft  and  /2  placed  with 
their  planes  parallel  approach  each  other  (Fig. 
25.3). 


Fig.  25.3 

(a)  If  /j  and  /2  are  both  clockwise  (or  anticlock¬ 
wise),  then  both  Ix  and  /2  will  decrease. 

(b)  If  the  currents  /,  and  /2  are  in  opposite  sense, 
both  the  currents  will  increase. 

25.3  ;  EXPRESSION  FOR  INDUCED  EMF _ 

(i)  Change  in  flux  due  to  change  in  magnetic  field 
(B). 

If  B  increases  with  time,  the  induced  current  i  is 
anticlockwise  so  that  it  produces  a  magnetic  field 
pointing  outwards  (opposite  to  B).  The  induced  emf 
is  (Fig.  25.4) 


x  x  x  .  x  x^  x 


x  x  /x 
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dd>  d  ,  „  o  dB 

\e\  =  —  =  —  (BA)  =  kR2  — 
dt  dt  dt 

If  B  decreases  with  time,  /  will  be  clockwise. 

If  B  remains  constant  but  the  radius  of  the  coil 
dR  , 

increases  at  a  rate  — ,  then 
dt 

\e\  =  B  —  (kR2)  =  Bx  2nR  — . 
dt  dt 

(ii)  Change  in  flux  due  to  change  in  area  (A) 

If  a  rectangular  coil  PQRS  is  moved  out  of  a  region 
of  uniform  magnetic  field  B  with  a  velocity  v,  the 
emf  induced  is  (Fig.  25.5) 
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\e\  =  Blv  where  l  =  PS  =  QR 
Induced  current  i  is  clockwise.  I f  R  is  the  resistance 
of  the  coil, 

.  _  e  _  Blv 
1  R~  R 


Force  F  required  to  pull  the  coil  out  with  constant 
velocity  v  is 


F  =  Bil 


B2l2v 


R 


Power  needed  is  P  =  Fv  =  - 

R 

=  heat  dissipated 

The  current  will  be  anticlockwise,  if  the  coil  is 
pushed  into  the  region  of  magnetic  field. 


NOTE 


(a)  If  the  coil  is  moved  within  the  region  of  uniform  mag¬ 
netic  field,  no  change  in  flux  takes  place  and  hence  no 
emf  is  induced. 

(b)  If  the  magnetic  field  is  non-uniform  and  the  coil  kept 
stationary  in  it,  no  change  in  flux  occurs  and  hence  no 
emf  is  induced. 

The  above  results  also  hold  in  the  case  of  rod  XY  slid¬ 
ing  on  metallic  rails  PQRS  to  the  right  as  shown  in  Fig. 
25.6. 
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Fig.  25.6 

(iii)  Change  in  flux  due  to  change  in  orientation  (0) 
(A.C.  generator) 

If  a  coil  of  area  A,  consisting  of  N  turns  is  rotated 
in  a  magnetic  field  B  with  angular  velocity  CO.  the 
emf  induced  in  it  is  given  by 

e  =  e0  sin  9  =  e0  sin  cot 

where  e0  =  NBAco  is  the  amplitude  (peak  value). 
Thus  an  alternating  emf  is  produced. 

25.4  ;  MOTIONAL  EMF _ 

(i)  When  a  rod  (or  wire)  of  length  /  is  moved  with  a 
velocity  v  in  a  magnetic  field  B  as  shown  in  Fig. 
25.7(a),  the  emf  induced  between  the  ends  P  and  Q 
of  the  rod  is  given  by 


e  =  Blv 
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If  the  rod  is  moved  as  shown  in  Fig.  25.7(b),  then 
e  =  Blv  sin  0 

(ii)  When  a  semicircular  rod  (or  wire)  of  radius  R  is 
moved  with  a  velocity  v  in  a  magnetic  field  B  as 
shown  in  Fig.  25.8,  the  emf  induced  between  the 
ends  P  and  Q  of  the  rod  is  given  by  e  =  Bv  (2 R)  = 
2  BvR 


Fig.  25.8 


(iii)  When  a  rod  PQ  of  length  /  pivoted  at  one  end  P  is 
rotated  with  angular  velocity  co  in  a  magnetic  field 
B  as  shown  in  Fig.  25.9,  the  emf  induced  between 
its  ends  is  given  by 


1  ? 

e  =  —  Bco  l2 
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Fig.  25.10 
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(iv)  When  a  disc  of  radius  R  is  rotated  about  its  centre 
with  angular  velocity  ft)  in  a  magnetic  field  B  as 
shown  in  Fig.  25.10,  the  emf  induced  between  its 
centre  O  and  a  point  P  on  its  rim  is  given  by 

1  7 

e  =  -  BcoR 2 

2 

25.5  !  ELECTRIC  MOTOR 

_ I _ 

When  a  current  is  passed  through  a  coil  placed  in  a 
magnetic  field  by  connecting  its  end  to  a  source  of  voltage 
V,  it  experiences  a  torque  which  rotates  it.  As  a  result,  an 
emf  e  is  induced  in  it.  This  emf  is  called  back  emf  as  it 
opposes  the  applied  voltage  V  (from  Lenz’s  law).  If  R  is 
the  resistance  of  the  coil,  then  current  in  it  is 
V-e 

i  =  - 

R 

Input  power  =  Vi  and  heat  loss  =  rR.  Flence  output  power 
=  Vi  -  i2R  =  ei. 

ci  € 

Efficiency  of  motor  n  =  —  =  — 

Vi  V 

Some  important  points  about  a  d.c.  motor 

(i)  Back  emf  e  and  hence  current  i  vary  sinusoidally 
even  if  the  source  of  voltage  V  is  a  d.c.  (battery). 

V 

(ii)  When  output  power  is  maximum,  e  =  —  and  1]  =  50%. 

(iii)  Initially,  i.e.  when  the  motor  is  switched  on,  e  =  0 
and  initial  current  =  VI R  which  is  very  large.  So,  for 
safety,  a  starter  is  used. 

(iv)  At  full  speed,  back  emf  is  maximum  and  current  i 
is  minimum. 


EXAMPLE  25.1 


I  A  square  coil  of  resistance  2  Q,  100  turns  and  side 
10  cm  is  placed  with  its  plane  making  an  angle  of  30° 
with  a  uniform  magnetic  field  of  0.1  T.  In  0.05  s  the 
coil  rotates  until  its  plane  becomes  parallel  to  the  mag¬ 
netic  field.  Calculate  the  current  induced  in  the  coil. 


SOLUTION 


IR  =  2Q.,N=  100,  A  =  0.1  x  0.1  =  10_2m2, 
ex  =  90°  -  30°  =  60°, 

02  =  90°  -  0  =  90°,  5  =  0. 1  T  and  t  =  0.05  s 

Change  in  flux  =  NBA  (cos  02  -  cos0j) 

=  100  x  0.1  x  10  2  x  (cos  90°  -  cos  60°) 

=  0.1  x  (o-I)  =0.05  Wb 

T  ,  ,  .  change  in  flux  0.05 

Induced  emf  e  =  -  =  -  =  1  V 

time  0.05 

e  1 

Induced  Current  i  =  —  =  —  =  0.5  A 
R  2 


EXAMPLE  25.2 


A  solenoid  of  diameter  0.2  m  has  500  turns  per  metre. 
At  the  centre  of  this  solenoid,  a  coil  of  100  turns  is 
wrapped  closely  around  it.  If  the  current  in  the  so¬ 
lenoid  changes  from  zero  to  2  A  in  1  millisecond, 
calculate  the  induced  emf  developed  in  the  coil. 


SOLUTION 


The  magnetic  field  due  to  current  /  in  a  solenoid 
having  n  turns  per  unit  length  is 
B  =  fi0nl 

This  is  the  magnetic  field  threading  the  coil.  The 
direction  of  the  field  is  parallel  to  the  axis  of  the 
solenoid.  Hence  angle  between  the  normal  to  the 
plane  of  the  coil  and  the  magnetic  field  is  0  =  0°. 
If  A  is  the  cross-sectional  area  of  the  coil  and  N  the 
number  of  turns  in  it,  then  the  magnetic  flux  thread¬ 
ing  the  coil  is 

<p  =  NAB  cos  0  =  NAB  cos  0°  =  NAB  =  Nm~2p0nl 

Since  the  coil  is  wrapped  closely  around  the  sole¬ 
noid,  the  radius  of  the  coil  (r)  =  radius  of  solenoid 
=  0.1  m. 


Change  in  flux  if  the  current  change  from  Ix  =  0  to 
I2  =  2  A  is 

A0  =  Nm-2  /i0n  ( I2  -  /,) 

=  100  x  (7TX  0.12)  x  (47TX  10~7)  x  500  x  (2  -  0  ) 


=  4tTx  10^  Wb 


Induced  emf  e  = 


A  <p 
At 


An2  xlO  4 
10“3 


=  0.47T  =  3.95  V 


EXAMPLE  25.3 


The  magnetic  flux  through  a  coil  of  resistance  6.5  LI 
placed  with  its  plane  perpendicular  to  a  uniform  mag¬ 
netic  field  varies  with  time  t  (in  second)  as 

(j)=  {'it2  +  5?  +  2)  milliweber 
Find  the  induced  current  in  the  coil  at  t  =  10  s. 


SOLUTION 


\e\  =  ^  =  —  (3 r  +  5t  +  2)  =  (6t  +  5)  mV. 
dt  dt 

At  t  =  10  s,  e  =  (6  x  10  +  5)  mV  =  65  x  10~3V 
Induced  current  at  t  =  10  s  is 


_e  65xl0~3 
R 


1 0  2  A 


6.5 


Electromagnetic  Induction  and  A.C.  Circuits  25.5 


EXAMPLE  25.4 


I  A  metal  wheel  with  8  metallic  spokes,  each  60  cm 
long  is  rotated  at  a  speed  of  100  rev./min  in  a  plane 
perpendicular  to  earth  magnetic  field  of  0.3  xlO-4  T. 
Find  the  magnitude  of  the  induced  emf  between  the 
axle  and  the  rim  of  the  wheel. 


SOLUTION 


V  =  100  rev./min.  =  -  =—  rev./s 

60  3 

/  =  0.6  m.  The  emf  developed  between  the  ends  of  a 
spoke  is  (as  co  =  2nv) 

e  =  -Bl2  co 
2 

=  i  x  (0.3  x  10-4  )  x  (0.6)2  x  (2n  x  ^ ) 

=  1.87T  x  10~5  V  =  5.65  x  10~5  V 


The  same  emf  is  induced  between  the  ends  of  each 
spoke.  It  is  clear  from  Fig.  25.11  that  the  spokes  are 
joined  in  parallel.  Hence  the  emf  between  rim  and 
axle  =  emf  across  each  spoke  =  5.65  x  10-5  V. 


EXAMPLE  25.5 


I  An  aircraft  with  a  wing  span  of  50  m  is  flying  with 
a  speed  of  1080  kmh  1  in  the  eastward  direction  at  a 
constant  altitude  at  a  place  where  the  vertical  compo¬ 
nent  of  earth’s  magnetic  field  is  2  x  10~5  T.  Find  the 
emf  developed  between  the  tips  of  the  wing. 


SOLUTION 


V  =  1080  kmlT1  =  300  ms1 
e  =  Blv  =  ( 2  x  10  5)  x  50  x  300  =  0.3  V 


EXAMPLE  25.6 


A  circular  coil  of  mean  radius  r  and  having  N  turns  is 
kept  in  a  horizontal  plane.  A  magnetic  field  B  exists 
in  the  vertical  direction  as  shown  in  Fig.  25.12.  Find 
the  emf  induced  in  the  loop 


Fig.  25.12 

(a)  if  it  is  held  stationary  and  the  magnetic  field 
is  uniform, 

(b)  if  it  is  held  stationary  and  the  magnetic  field 
is  non-uniform, 

(c)  if  it  is  held  stationary  and  the  magnetic  field 
is  varying  with  time, 

(d)  it  is  rotated  with  an  angular  velocity  co  about 
an  axis  passing  through  its  centre  and  perpen¬ 
dicular  to  its  plane,  and 

(e)  it  is  rotated  with  an  angular  velocity  ft)  about 
its  diameter.  Assume  that  the  nonnal  to  the 
plane  of  the  coil  makes  an  angle  0=0  with 
the  magnetic  field  at  time  t  =  0. 


,B 

x 


SOLUTION 


The  emf  is  induced  if  the  magnetic  flux  through  the 
coil  changes  with  time. 

(a)  In  this  case  there  is  no  change  in  magnetic 
flux  with  time,  hence  no  emf  induced. 

(b)  In  this  case  also  the  magnetic  flux  through 
the  coil  does  not  change  with  time,  hence  no 
emf  induced. 

(c)  In  this  case,  the  number 
of  field  lines  through  the 
coil  does  not  change  with 
time,  hence  the  magnetic 
flux  does  not  change  with 
time.  So  no  emf  is  in¬ 
duced  in  the  coil  (see  Fig. 

25.13) 

(d)  If  the  coil  is  rotated  about 
a  diameter,  as  shown  in 
Fig.  25.14,  there  is  a 
change  in  magnetic  flux 
with  time.  Hence  emf 
will  be  induced  in  the 
coil.  Area  of  the  coil  is 
A  =  7rr2.  If  the  normal 
to  the  plane  of  the  coil 


Fig.  25.13 


,B 

x 


Fig.  25.14 


makes  an  angle  0=0  with  the  magnetic  field, 
then  at  time  t,  0  =  cot.  The  magnetic  flux  at 
this  time  is 


</>  =  NBA  cos  0  =  NBA  cos  cot 
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.’.  Induced  emf  is 

e  —  —  =  -  —  (ML4  cos  fth) 

dt  dt 

=  c oNBA  sin  cot 

=  coNB  xnr2  sin  cot 

=  nNrBco  sin  cot 


EXAMPLE  25.7 


I  A  metal  rod  PQ  moves  with  a  velocity  v  parallal  to 
a  very  long  straight  wire  CD  carrying  a  current  /  as 
shown  in  Fig.  25. 15.  The  ends  P  and  Q  of  the  rod  are 
at  distances  a  and  b  from  the  wire  as  shown.  Obtain 
the  expression  for  the  emf  induced  between  the  ends 
of  the  rod. 


Fig.  25.15 


SOLUTION 


Divide  the  rod  into  a  large  number  of  very  small  ele¬ 
ments,  each  of  length  dx.  Consider  one  such  element 
at  distance  x  from  wire  CD  as  shown  in  Fig.  25.16. 

(-) 


dx: 


Q 


-v  O  B 


(+) 


Fig.  25.16 

The  magnetic  field  at  the  element  due  to  current  /  in 
wire  CD  is 

b  —  at 

2nx 

The  direction  of  the  field  is  upwards  perpendicular  to 
velocity  v.  The  magnitude  of  magnetic  field  is  differ¬ 
ent  at  different  points  on  the  rod  PQ.  From  Fleming’s 
L.H.  rule,  the  free  electrons  in  the  rod  will  experience 
force  in  the  direction  P  to  Q.  So  free  electrons  move 
from  P  to  Q.  Hence  end  P  acquires  a  positive  charge 


(due  to  loss  of  electrons)  and  end  Q  acquires  a  nega¬ 
tive  charge  (due  to  gain  of  electrons). 

Force  on  the  element  is 

dF  =  qvB  =  qv  X 

2  TZX 

Therefore,  electric  field  set  up  in  the  element  is 


dE=  dF_  =  qvjlQ  _  /u0Iv 


2  nxq 


2nx 


Now 


dx 


dV  =  -  dE  x  dx 1  = 


Mo  Iv 

2  7tx 


dx 


Where  dV  is  the  voltage  induced  in  the  element.  The 
voltage  induced  in  the  rod  PQ  is 


\V\  = 


_  /u0Iv  [dx  _ 


2n 


>  rax 

J  r 


2n 


EXAMPLE  25.8 


A  metal  rod  PQ  of  length  /  slides  with  a  velocity  v 
on  two  parallel  rails  AB  and  CD  parallel  to  a  long 
straight  wire  XY  carrying  a  current  /  as  shown  in  Fig. 
25.17.  A  resistance  R  is  connected  between  the  rails 
as  shown.  The  velocity  of  rod  PQ  is  kept  constant  by 
applying  force. 


Fig.  25.17 

(a)  Obtain  the  expression  for  the  current  induced  in 
resistance  R. 

(b)  Obtain  the  expression  for  the  force  to  be  applied 
on  rod  PQ  to  keep  its  velocity  constant  at  v. 


SOLUTION 


In  this  case  the  induced  emf  is  due  to  change  in  mag¬ 
netic  flux  which  is  due  to  the  change  in  the  area  of 
ACPQ  with  time. 

A  Q 
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Fig.  25.18 


Electromagnetic  Induction  and  A.C.  Circuits  25.7 


Magnetic  flux  through  an  infinitesimal  area  element 
of  with  dx  at  a  distance  x  from  PQ  is 

dtp  =  BdA  =  Brdx  =  ^  0  ^  dx 
2nx 

where  r  is  the  position  of  PQ  at  an  instant  of  time  t. 
Magnetic  flux  through  ACPQ  is 

(a+l)  T 

tp  =  f  d(j)  =  [  —  dx 
J  J  2  nx 


Bolr  r  dx  =  n()Ir  fa  + 1 
{  x  2n  V  a 


Induecd  emf  e  = 


2n 

dtp 


dt 


|n  l  a  +  l \  dr 


2  n 


jJ.0Iv^Ja  +  l 


2  n  V  a 
(a)  Current  induced  in  R  is 

,=  e  =  Bo  Iv 


dt 


■:v  =  - 


dr 

dt 


R  2nR 


In 


ct  +  / 


(b)  This  current  will  exert  a  force  on  the  element  of 
width  dx  which  is  given  by 

dF  =  Bidx  =  idx 
2nx 

Force  to  be  applied  on  PQ  is 


F=  \dF 
_  Bo1 


,.(*+/)  , 

BqP  r  dx 

x 


2  n 

v 

R 


2n 

Bplv 
2  nR 


In 


a  +  l  dx 


BqI  ^  (a  + 1 
.  2  n 


EXAMPLE  25.9 


A  metal  rod  PQ  of  length  /  slides  on  two  parallel  rails 
AB  and  CD,  each  rail  having  a  resistance  k  per  unit 
length.  The  rod  and  the  rails  are  in  a  region  of  a  uniform 
magnetic  field  B  directed  into  the  plane  of  the  paper 
as  shown  in  Fig.  25.19.  A  resistance  R  is  connected 
between  the  rails. 

A  variable  force  F  p - 

is  applied  to  PQ  so 
that  it  is  accelerated 
to  the  right.  Obtain 
the  expression  for 
the  velocity  v  of  rod 

PQ  when  it  is  at  a  !  1 

distance  x  from  R.  Fig.  25.19 
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SOLUTION 


Magnetic  flux  through  ACPQ  when  the  rod  is  at  a 
distance  x  from  R  is 

tp  =  BA  =  Blx 
Induced  emf  at  that  instant  is 
\dtp\ 

~  JJl 

dt 


e  = 


dt 


dx 

=  Bl  —  =  Blv 


Resistance  of  ACPQ  =  R  +  2 kx.  Therefore,  current 
induced  in  the  circuit  is 

e  Blv 


i  = 


v  = 


iR+2kx)  (R  +  2kx) 
i  ( R  +  2  kx) 

~Bl 


EXAMPLE  25.10 


A  metal  rod  PQ  of  mass  m  and  of  negligible  resis¬ 
tance  slides  on  two  parallel  metal  rails  AB  and  CD 
separated  by  a  distance  /.  The  rails  have  negligible 
resistance  and  have  a  resistance  R  connected  between 
them  as  shown  in  Fig.  25.20.  The  rod  and  the  rails  are 
located  in  a  region  of  uniform  magnetic  field  direc¬ 
tion  into  the  plane  of  the  loop  ACPQ.  The  rod  is  given 
an  initial  velocity  u.  Obtain  the  expression  for  the 
distance  x  covered  by  the  rod  before  it  comes  to  rest. 
Neglect  friction  between  the  rod  and  the  rails. 


X 

X' 

X 

X 

r| 

X 

X 

J 

X 

f 

X 

X 

X 

X 

CL 

X 

x  / 

3  X 

Fig.  25.20 


SOLUTION 


T  ,  ,  .  Bvl 

Induced  curmet  i  =  - 

R 

Force  F  =  Bil  =  -  met  =  -  m  — 

dt 

The  negative  sign  shows  that  force  opposes  the 
acceleration  (Lenz’s  law) 

dv  „  Bvl 

m  —  =  —  B  x  -  x  I 

dt  R 

B2vl2 


R 
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dv 

v 


Where 


k  = 


Intergrating  [  —  =  -k\dt 

J  v  J 


B2!2 

mR 


B2!2 

mR 

t 


dt  =  - kdt 


o 


In  —  =  —  kt 


’  =  e~kt 
u 


v  =  ue 


-kt 


dx 

dt 


=  ue 


The  rod  conies  to  rest  when  t  =  ° ° 
Integrating 


X  oo 

|  dx  =  u  |  e~kt  dt 
o  o 


x 


u 

k 


(0-1)  = 


u 

k 


iimR 

B2!2 


EXAMPLE  25.11 


I  A  circular  coil  of  radius  r  has  N  turns  and  a  resis¬ 
tance  R.  It  is  placed  with  its  plane  at  right  angles  to 
a  uniform  magnetic  field  B.  Find  the  expression  for 
the  amount  of  charge  Q  which  passes  through  the 
coil  when  it  is  rotated  through  an  angle  of  180°  in 
its  plane. 


SOLUTION 


Area  of  the  coil  (A)  =  m -2 

Since  the  plane  of  the  coil  is  normal  to  the  magnetic 
field,  the  magnetic  flux  through  the  coil  =  NBA  cos  0° 
=  NBA.  When  the  coil  is  rotated  through  180°,  the 
magnetic  flux  through  it  will  be  =  NBAcos  180°  = 
—  NBA.  Therefore,  change  in  flux  is 

tp  =  NBA  -  (  -  NBA )  =  2NBA 
Magnitude  of  induced  emf  is 


\e\  = 


dtp 

dt 


Induced  current  is  i  = 


ll 

R 


dtp  1 
dt  R 


dq 

dt 


dtp 

dt 

dtp 

dt 


=>  dqR 

=>  dq 


=  dtp 
_  dtp 
R 


0  =  2 NBA 
~  R  R 


2  NB  x  nr2 

R 


EXAMPLE  25.12 


Two  circular  coils  A  and  B  of  radii  a  and  b  respec¬ 
tively  (with  b>  a)  have  their  plane  perpendicular  to 
the  plane  of  the  page.  They  are  separated  co-axially 
by  a  distance  x  =  v3  b  as  shown  in  Fig.  25.21.  A  tran¬ 
sient  current  /  flows  through  coil  B  for  a  very  short 
time  interval.  If  the  resistance  of  coil  A  is  R  obtain 
the  expression  for  the  charge  that  flows  through  coil 
A  during  the  short  time  interval. 


Fig.  25.21 


SOLUTION 


Magnetic  field  at  the  centre  of  coil  A  due  to  current 
/  in  coil  B  is 


B 


AB 


Bo  Ib2 

2  (b2+x2)m 


_BqI 
16  b 


(v  x  =73  b) 


Since  the  magnetic  field  is  along  the  axis  of  coil  A, 
it  is  perpendicular  to  the  plane  of  A,  hence  9  =  0°. 
Therefore,  magnetic  flux  through  A  is 


tp  =  Bab  x  area  of  coil  A  x  cos  0° 


.-.  Induced  emf  is  \e\ 


dtp 

dt 


/J.0I  xna2 
16  b 


1R.  ** 
dt 

IRdt  =  dtp 
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f  Idt  =  —  f  d(j)= 

J  R]  R 


or 


q=  i  =  H0Ixna2 
^  i?  16M 


EXAMPLE  25.13 


I  A  thin  non-conducting  disc  of  radius  R  and  mass  M 
is  held  horizontally  and  is  capable  of  rotation  about 
an  axis  passing  through  its  centre  and  perpendicular 
to  its  plane.  A  charge  Q  is  distributed  uniformly  over 
the  surface  of  the  disc. 

A  time-varying  magnetic  field  B  =  kt  (where  k  is  a 
constant  and  t  is  the  time)  directed  perpendicular  to 
the  plane  of  the  disc  is  applied  to  it.  If  the  disc  is 
stationary  initially  (i.e.  at  t  =  0  ).  Find 


(a)  The  torque  acting  on  the  disc. 

(b)  The  angular  velocity  acquired  by  the  disc  as  a 
function  of  t. 


SOLUTION 


1(a)  Area  of  disc  =  tcR 2 

Charge  per  unit  area  =  — — v 

Area  of  a  small  element  of  width  dx  at  a  distance 
x  from  the  centre  of  the  disc  =  2 nxdx.  Therefore, 
charge  of  the  element  is 

da  =  x  2  nxdx 

nR2 


B  =  kt 


A  time-varying  magnetic  field  gives  rise  to  an 
electric  field  E.  Since 


dl 

J  dV  =  —  |  Edl  =  -  E  x  2 7tx 
=>  V=-Ex  2nx  (1) 


where  V  is  emf  induced  in  the  element,  which  is 
given  by 

y,-d-±,-2  {BA) 

dt  dt 


=  -  —  (kt  x  nx2)  =  —nkx2 
dt 


From  (1)  and  (2)  we  get 
—  Ex  2  7tx  =  —  nkx 2 

=>  E=  ^ 


(2) 


(3) 


Force  acting  on  the  element  is 


dF  =  dq  X  E  = 


_Q_ 

nR2 


X  2  TDcdx  X  — 


kQ  2  , 

=  — -  x  dx 

R2 


Torque  acting  on  the  disc  is 


T  = 


kQ  r.3 .  kQR2 


jxdF  =  -~y  | x2  dx 
0  ^0 


(b)  T  =  lot ,  where  /  is  the  moment  of  inertia  of  the 
disc  about  the  axis  of  rotation  and  a  is  the  angu¬ 
lar  acceleration 


I  =  -  MR 2  and  a  =  .  Flence 

2  dt 


kQR 1 


1 


dco 


=  -  MRA  x  - 

dt 


2 
kt 
2  M 


dco  =  dt 


f  dco  =  -Q-  f  dt 
J„  2  M  { 


kQt 

=>  co= 

2  M 

25.6  !  MUTUAL  INDUCTANCE 


If  the  current  in  a  coil  is  i  then  the  flux  linked  with  a 
neighbouring  coil  is  0  =  Mi  where  M  is  the  coefficient  of 
mutual  inductance.  If  current  i  is  changing  with  time,  the 
emf  induced  in  the  neighbouring  coil  is 

di 

e  =  -  M  — 
dt 

Expressions  of  M  in  some  situations 

(i)  A  small  coil  of  length  /,  number  of  turns  N1  wound 
closely  on  a  long  coil  of  N2  turns. 
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, ,  Un  N,  N2A 

M  =  - - — ;  A  =  common  cross-sectional  area 

/ 

(ii)  Two  coplanar  and  concentric  coils  of  radii  R  and  r 
(R  »  r)  Fig.  (25.23) 


M  = 


i^nr1 

2  R 


(iii)  A  small  circular  coil  of  radius  r  at  the  centre  of  a 
large  rectangular  coil  of  sides  a  and  b  with  a,b»r 
(Fig.  25.24) 

M=  2  Mo  r2  J  a2 +b2 
ah 


a 


(iv)  a  rectangular  loop  of  sides  a  and  b  placed  at  a  dis¬ 
tance  x  from  a  long  straight  wire  (Fig.  25.25) 


M  = 


Mo  a 

2  K 


loge 


h-x 


t 

a 

I 


25.7  j  SELF  INDUCTANCE _ 

If  i  is  the  instantaneous  current  in  a  coil,  flux  (j)  =  Li, 
where  L  is  the  self  inductance  of  the  coil.  Induced  emf 


(i)  The  self  inductance  of  a  coil  of  N  turns,  cross- 
sectional  area  A  and  length  /  is  given  by 

L=  Mo  N2  A 
I 

(ii)  Direction  of  induced  emf  is  such  that  it  opposes  the 
change  in  current  (Fig.  25.26(a)  and  (b)) 

e  -< - o  o - ►  e 

o — » — ^!S_S_?5_Q_?S_?r75~N — o  o  ►  HP — o 


i  increasing 
(a) 


Fig.  25.26 


/  decreasing 
(b) 

1 


(iii)  Energy  stored  in  the  inductor  U  =  —  Li  . 

(iv)  Inductors  in  series  (Fig.  25.27) 

Equivalent  inductance  is 

(a)  L  =  Lx  +  L2  (when  the  flux  linked  with  one 
coil  is  not  linked  with  the  other,  i.e.  M  =  0) 

Li  Z_2 


Fig.  25.27 

(b)  L  =  Lx  +  L2  +  2M(when  flux  of  one  coil  is  in 
the  same  direction  as  that  of  the  other  coil) 
L  =  Lx  +  L2  -  2 M  (when  the  fluxes  oppose 
each  other) 

(v)  Inductors  in  parallel 

—  =  —  +  —  (when  M  =  0) 

lll2 

(vi)  M=  k^jLlL2  ;  k  =  coefficient  of  coupling. 


GROWTH  AND  DECAY  OF  CURRENT  IN 
A  D.C  L— R  CIRCUIT  (FIG.  25.28) 


NOTE 


If  the  medium  is  different  from  air,  /u0  in  above  expres¬ 
sions  is  replaced  by  p  =  p0  fir  where  ur  is  the  relative 
permeability  of  the  medium. 


If  switch  .S' |  is  closed  at  t  =  0,  with  switch  S2  open,  no 
current  flows  in  the  beginning  (as  the  inductor  behaves  as 
open  switch).  The  current  starts  increasing  and  at  time  t, 

i  =  i0  ( 1  e~t,T),  where  T=  —  is  the  time  constant. 
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L 


I — WW 


Si 


R 

AAAA/ — i 


Fig.  25.28 

After  a  long  time  {t  =  °°),  the  current  attains  a  steady 
value  i0  =  E/R  (now  the  ideal  inductor  behaves  as  a  closed 
switch). 

At  t  =  t,  i  =  i0  ^1  -  =  0.632  z0. 


Fig.  25.29 

Decay  of  current :  At  time  t  =  0,  let  i0  =  E/R  be  the  current 
in  the  circuit.  If  S2  is  closed  (with  S1  open),  the  current 
decays  as 

i  =  i0  e~tlx 

At  t  =  r,  i  =  —  =  0.368/0. 

e 


Fig.  25.30 

25.9  ;  ENERGY  STORED  IN  AN  INDUCTOR 

If  the  current  in  a  coil  of  self  inductance  L  is  increased 
from  zero  to  a  steady  value  /,  the  energy  stored  in  the 
magnetic  field  of  the  coil  is 

U=  -  LI 2 
2 


EXAMPLE  25.14 


I  A  magnetic  flux  of  5  pWb  is  linked  with  a  coil  when 
a  current  of  1  mA  flows  through  it.  Find  the  self  in¬ 
ductance  of  the  coil. 


SOLUTION 


I 


d)=  LI  =>  L=  (t 
I 


5xl0~6 
1x10  3 


=  5  x  10~3  H  =  5  mH 


EXAMPLE  25.15 


An  emf  of  1  mV  is  induced  in  a  coil  when  the  current 
in  it  changes  steadily  from  2Ato4Ain0.1  s.  Find 
the  self  inductance  of  the  coil. 


SOLUTION 


dl  4-2 


dt 

\e\  =  L 


0.1 

dl 

dt 


=  20  As-1 


1  x  10~3  =  Zx20=>Z  =  5x  10~5  H  =  50  pH 


EXAMPLE  25.16 


A  solenoid  1.0  m  long  and  0.05  m  diameter  has  700 
turns.  Another  solenoid  of  50  turns  is  tightly  wound 
over  the  first  solenoid.  Find  the  emf  induced  in  the 
second  solenoid  when  the  current  in  the  first  solenoid 
changes  from  0  to  5  A  in  0.01  s. 


SOLUTION 


Mutual  inductance  M= 

l 

_  4n  x  10~7  X7t(0.025)2  x  700x50 
F0 

=  8.6  x  10“5  H 


lei  =  M  —  =  8.6  X  10 
1  1  dt 


5  x  — -  =  4.3  x  10~2  V 
0.01 


EXAMPLE  25.17 


An  ideal  inductor  of  inductance  5  H  and  a  pure  resis¬ 
tor  of  resistance  100  £2  are  connected  in  series  to  a 
battery  of  emf  6  V  of  negligible  internal  resistance 
through  a  switch.  The  switch  is  closed  at  time  t=  0 

(a)  Find  the  maximum  (or  steady)  value  of  the 
current. 

(b)  What  is  the  time  constant  T  of  the  circuit? 

(c)  How  long  does  it  take  for  the  current  to  rise 
to  50%  of  the  maximum  value? 

(d)  Find  the  potential  difference  across  the  induc¬ 
tor  at  t  =  0.1  s.  Given  e 1  =  0.135. 
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SOLUTION 


i  =  i0  (1  -  e  ,/t  );  z0  =  maximum  value  of  i 

E  6 

(a)  When  (-)«>,/  =  in  =  —  =  -  =  0.06  A 

0  R  100 

(b)  Time  constant  r  =  —  =  =  0.05  s 

R  100 


An  inductor  of  inductance  100  mH  and  a  resistor 
of  resistance  10  Q  are  connected  in  series  to  a  2  V 
battery.  After  some  time  the  current  attains  a  steady 
value.  The  battery  is  now  short  circuited.  Calculate 
the  time  required  for  the  current  to  fall  to  half  the 
steady  value. 


(c)  0.5  z0  =  *0  (1—  e~t/T) 


-  =1-W;/T 
2 

e~tlT=l-  -  =  - 
2  2 


e  ,lT  =  2  =>  -  =  ln(2)  =  0.693 


t  =  0.693  T=  0.693  x  0.05  =  0.0346  s 

(d )Vl  =  -L^~  =-L^~  [i0(\-e-'/T)] 
at  at 


=  ~Lir,  I—  I  e 


-t/r 


L‘0  -t/ T 

- e 

T 

5x0.06 

0.05 


x  e  a'/05  =  6  x  A2  =  6  x  0. 135  =  0.8  V 


EXAMPLE  25.18 


I  An  inductor  of  inductance  1 0  H  and  a  resistor  of  resis¬ 
tance  16  £2  are  connected  to  a  12  V  dc  source. 

(a)  Find  the  final  steady  current. 

(b)  Flow  much  energy  is  consumed  to  attains  this 
steady  current? 

(c)  What  is  the  power  dissipated  in  the  resistor  at 
this  current? 


SOLUTION 


1(a)  L  =  -  =  —  =  -  A  =  0.75  A 
0  R  16  4 

1  1  / 3 

(b)  U=  -Lil  =  -  x  10  X  -  =  2.8  J 

2  °  2  \4/ 

(c)  P  =  ioE=  -  X  12  =  9  W 
4 

/  3  \2 

or  P  =  ilR=  -  x  16  =  9W 
0  \4/ 


SOLUTION 


L  = 

100  mH  = 

E 

2 

2o  = 

R 

50 

T  = 

L 

0.1 

L 

R 

50 

=  0.04  A 


-  =  e-,lT 
2'o 


1  _  - t/X .  -t/  T .  i-i  _  2 

^  —  —  e  =>  2  =  e  =>  m2 - 

2  T 

t  =  rln2  =  0.002  x  0.693  =  1.386  x  10~3  s 


25.10  ;  TRANSFORMER 


The  transformer  is  a  device  used  for  converting  a  low  ac 
voltage  into  a  high  ac  voltage  and  vice  versa.  The  former 
is  called  the  step-up  transformer  and  the  latter  the  step- 
down  transformer. 

A  transformer  consists  of  two  coils  each  of  which  is 
wound  on  an  iron  core.  One  of  the  coils  is  connected  to  a 
source  of  alternating  emf.  This  coil  is  called  the  primary 
of  the  transformer  while  the  other  is  called  the  secondary 
of  the  transformer.  Any  of  the  two  coils  can  act  as  primary 
while  the  other  as  secondary.  The  alternating  emf  in  one 
coil  induces  an  alternating  emf  in  the  second  coil.  The 
presence  of  an  iron  core  in  the  primary  and  secondary 
makes  the  flux  linkage  between  the  two  coils  very  large. 
The  alternating  emf  in  the  coil  makes  the  magnetic  flux  in 
the  iron  also  vary  periodically.  This  varying  magnetic  flux 
in  iron  induces  an  alternating  emf  in  the  secondary. 

If  the  magnetic  field  lines  remain  confined  to  the  core, 
then  all  the  field  lines  threading  the  primary  also  go 
across  the  secondary.  Then  the  magnetic  fluxes  across  the 
secondary  and  primary  will  be  simply  proportional  to  the 
number  of  turns  in  them,  i.e. 


*p 


or  <ps 


KNPJ 


<pp 


where  Ns  is  the  number  of  turns  in  the  secondary  and  Np 
is  the  number  of  turns  in  the  primary.  Now  from  Faraday’s 
law  the  emf  induced  across  the  secondary  is  es  =  -  (dcpjdt) 
and  that  across  the  primary  is  ep  =  -  ( d<j>p!dt ). 
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Thus 


or 


e  =  -- 


d_ 

dt 


f  N 

ZiT-*' 

V  p 


e„  = 


N„ 


Ns  d<t>p 
Np  dt 


From  this  equation,  it  follows  that  if  Ns  >  Np,  then  es  > 
ep,  i.e.  the  voltage  across  the  secondary  is  greater  than 
the  input  primary  voltage.  Such  a  transformer  in  which 
the  number  of  turns  in  the  secondary  is  more  than  in  the 
primary  is  called  a  step-up  transformer.  But  if  Ns  <  Np, 
then  es  <  eP ■  Such  a  transformer  is  called  a  step-down 
transformer.  The  former  are  used  in  TV,  high-voltage 
power  supplies  and  the  latter  in  radio  transmitter  sets, 
battery  eliminators,  etc. 

Usually,  there  are  a  number  of  energy  losses  in  actual 
transformers.  These  are:  (i)  Joule  heating  (PR)  losses  in 
the  primary  and  secondary  coils  due  to  their  resistance 
(generally,  these  losses  are  minimized  by  using  wires  of 
large  diameters  so  that  resistance  is  low);  and  (ii)  the  losses 
in  the  iron  core  which  include  the  heating  of  the  core  due  to 
eddy  currents  and  power  loss  due  to  hysteresis.  The  eddy 
currents  can  be  minimized  by  using  laminated  iron. 

In  an  ideal  transformer,  the  entire  power  in  the  primary 
is  transferred  to  the  secondary.  For  an  ideal  transformer, 
input  power  =  output  power 
or  es  4  =  eP  IP 


_  Jp 


.Ns. 

N„ 


Therefore, 

C"  p  ^  S  *  '  p 

where  Ip  and  Is  are  the  currents  in  the  primary  and  the 
secondary  of  the  transformer. 


SOLUTION 


Pt  =  e/p  =  4  kW  =  4000  W,  ep  =100  V  and  es  =  200  V 


4000 

100 


=  40  A 


=> po=ripi 


0.75  x  4000  =  3000  W 


■4  =  3000 
es  200 


15  A 


EXAMPLE  25.22 


The  primary  of  a  transformer  has  400  turns  while  the 
secondary  has  2000  turns.  The  power  output  from  the 
secondary  at  1000  V  is  12  kW. 

(a)  Calculate  the  primary  voltage. 

(b)  If  the  resistance  of  the  primary  is  0.9  £2  and  that 
of  the  secondary  is  5  Q.  and  the  efficiency  of  the 
transformer  is  90%,  calculate  the  power  loss  in 
the  primary  coil  and  in  the  secondary  coil. 


SOLUTION 


Np  =  400,  Ns  =  2000,  Pa  =  12000  W,  =  1000  V 


(a) 


e.  AC 


Np  400  innn 

en  =  ~rr~  xe  =  -  x  1000 

p  AC  *  2000 


=  200  V 


(b)  T)  = 


P  P 

o  _  x  o 


p  el 

1 1  e p 1  p 


EXAMPLE  25.20 


A  step  down  transformer  is  used  to  reduce  the  main 
supply  of  220  V  to  10  V.  If  the  primary  draws  5  A  and 
secondary  88  A  current,  calculate  the  efficiency  of  the 
transformer. 


SOLUTION 


Iep  =  220  V,  es  =  10  V  ,  Ip  =  5  A  and  Is  =  88  A 
Input  power  (P)  ep  x  !p  =  220  x  5  =  1 1 00  W 
Output  power  (P0)  =  es  x  Is  =  10  x  88  =  880  W 
P  880 

Efficiency  r\  =  —  =  -  =  0.8  or  80% 

Pt  1100 


EXAMPLE  25.21 


A  transformer  has  an  efficiency  of  75%.  The  power 
input  is  4  kW  at  100  V.  If  the  secondary  voltage  is 
200  V,  calculate  the  currents  in  the  primary  and  sec¬ 
ondary. 


_  P0  12000 

p~  ~tyTp  0.9x200 


200 


A 


L  = 


12000 

1000 


=  12  A 


200 


Power  loss  in  primary  =  Ip  xR  =  -  X  0.9 


=  4000  W 

2  2 

Power  loss  is  secondary  =  IS  X  Rs  =  (12)  X  5 


=  720  W 


EXAMPLE  25.23 


A  power  transformer  is  used  to  step  up  an  emf  of 
220  V  to  4.4  kV  to  transmit  6.6  kW  of  power.  If  the 
primary  has  1000  turns,  find  (a)  number  of  turns  in 
the  secondary  and  (b)  the  current  rating  of  the  second¬ 
ary.  Assume  that  the  efficiency  of  the  transformer  is 
80%. 
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SOLUTION 


e,  4400 

(a)  N  =  —  xN  =  -  x  1000  =  20,000 

s  e.  p  220 


5,.^  ,08x6600 

es  es  4400 

Is  is  called  the  current  rating  of  the  secondary. 

25.11  |  ALTERNATING  CURRENT 


If  an  alternating  voltage  V  —  F0  sin  cot  is  applied  across  a 
resistance  R,  the  current  /  in  the  circuit  is 
V  Fn 

1=  —  =  —  sin  cot  =  L  sin  cot  (1) 

R  R  0 

where  70  =V0/R,  is  the  maximum  oxpeakvalue  of  the  current. 

It  is  clear  from  Eq.  (1)  that  the  current  /  varies  sinusoidally 
with  time;  its  magnitude  changes  continuously  with  time 
and  its  direction  is  reversed  periodically.  A  sinusoidally 
varying  current  whose  magnitude  changes  continuously 
with  time  and  whose  direction  reverses  periodically  is 
called  an  alternating  current  (or  simply  ac). 

The  angular  frequency  co  of  an  alternating  current  is 
related  to  its  time  period  T  and  frequency  v  as 


2n 

co=  —  =2  nv 
T 


where  co  is  expressed  in  radians  per  second  (rad  s  1 ),  T 
in  seconds  (s)  and  v  in  hertz.  (Hz).  In  terms  of  T,  Eq.  (1) 
reads 


/  =  I0  sin 


Root  Mean  Square  Voltage  and  Current 

The  mean  value  of  a  periodic  function  X(t)  of  time  period 
T  over  one  time  period  is  defined  as 

T 

J X(t)dt  T 

X  =  -  =  1 1  X(t)dt 

J  dt  0 

o 

(i)  Mean  or  average  value  of  alternating  voltage 
V=  F0  sin  (cot)  =  F0  sin 

1  T 

V  =  —  jV0  sin  ( cot)dt 
T  o 

Y  t  y 

=  ^7  Jsin  (cot)dt  =  -y-  |cos  (fitf)lo 


Tco 


cos 


2nt 

T 


=  —  (cos  2n  -  cos  0)  =  0 
2n 


Similary  mean  value  of  alternating  current 

I  =  Iq  sin  (cot)  over  one  time  period  is  7  =  0 

(ii)  Mean  square  value  of  alternating  voltage 

V=  V0  sin  (cot)  is 

—  1  r  ? 

V2  =  -J  Vq  sin  (cot)dt 


V  >  1 

=  ~J~(1  ~  cos  2  cot)dt 

lT  lT 

-  J  dt  -  —  J  cos(2 cot)dt 


xi 

T 


V2 

~T  1 

sin(2<w/‘) 

T 

_2  ~2 

2  co 

Zl 

T 


2  r 


I -o' 
.2  . 


Root  mean  square  (rms)  value  of  the  alternating 
voltage  is 

Fnns  =  stv2  =  =  x  peak  value  of  V 

Similarly,  root  mean  square  (rms)  value  of  alternat¬ 
ing  current  /  =  I0  sin  (cot)  is 


/„ . = 


h_ 

V2 


1 

V2 


x  peak  value  of  / 


EXAMPLE  25.24 


An  alternating  voltage  V  (in  volt)  varies  with  time  t 
(in  second)  as 

V=  100  sin  (50  7tt) 

Find  the  peak  value,  rms  value  and  frequency  of  the 
alternating  voltage. 


SOLUTION 


Comparing  the  given  equation  with 
V=  V0  sin  (cot) 

We  get  V0  =  100  V, 


and 


Fn 


100 


Kms  ^  70.7  V 


co=  50  n 
2nv =  50n 


v  =  25  Hz 


or 
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EXAMPLE  25.25 


A  100  £2  electric  iron  is  connected  to  a  200  V,  50  Hz 
a.c.  supply.  Find  (a)  rms  value  of  voltage,  (b)  peak 
value  of  voltage,  (c)  rms  value  of  current  and  (d)  peak 
value  of  current. 


SOLUTION 


If  an  alternating  supply  is  given  to  be  200  V,  50  Hz, 
it  implies  that  the  rms  value  of  voltage  is  200  V  and 
the  frequency  is  50  Hz. 

(a)  Pnns  =  200V 

(b)  V0  =  V2  =  V2  x  200  =  282.8  V. 

(c)  I  =  ^  =  -  =  2  A 

w  rms  R  100 


Vn 


w,°-  r” 


o  282. £ 


100 


=  2.828  =  2.83  A 


25.12  i  SERIES  LCR  CIRCUIT 


The  applied  voltage  V divides  into  three  parts,  V,  (across  L  ), 
Vc  (across  C)  and  VR  (across  R )  such  that  (Fig.  25.3 1). 


| — vwv- 


V=Vq  sincof 

Fig.  25.31 


v=JvZ+(vL-vc)2 

The  impedance  of  the  circuit  is 

z=  V r2  +  (xl-xc ) 

The  current  in  the  circuit  is 
I  =  I0  sin  (cot  -  <j>) 

1 


=  OR 


coL-- 


coC 


tan  0  =  coL  — 


coC 


(i)  If  coL  >  — — ,  i.e.  co  >  1 —  . 

coc  4lc 

and  voltage  leads  the  cuiTent. 

(ii)  If  coL  < -  ,  i.e.  co  <  , — 

coC  4lc 

behind  current. 

(iii)  If  coL  =  — — ,  i.e.  co  =  J —  ,  then  0  =  0 

coC  OLC 


then  tan  0  is  positive 


,  then  voltage  lags 


This  is  the  case  of  resonance.  Voltage  and  current 
are  in  phase.  Z  =  R  (minimum)  and  current  is  maxi¬ 
mum. 

Special  Cases 

(a)  A.C.  circuit  containing  only  a  pure  resistor  (Fig. 
25.32) 

R 

- vwv - 


-e- 


where 


V=  \/o  sincof 

Fig.  25.32 

VR  =  V0  sin  cot 
I  =  I0  sin  cot 

I  =  ^ 

0  R 


The  voltage  across  R  is  always  in  phase  with  the 
current  in  the  circuit. 

(b)  A.  C.  circuit  containing  only  an  ideal  inductor  (Fig. 
25.33) 

R 

- vwv - 


V=  Vq  sincof 


Fig.  25.33 


VL  =  V0  sin  cot 
I  =  I0  sin  ( cot 


n 


where  I0  =  ~y~  = 

al  coL 

XL  =  coL  is  called  inductive  reactance. The  voltage 
across  the  inductance  leads  the  current  in  the  circuit 
by  a  phase  angle  of  n/2. 

(c)  A.C.  circuit  containing  only  an  ideal  capacitor 
(Fig.  25.  34) 

Vc  =  V0  sin  cot 

f  71 

I  =  L  sm  \  cot  +  — 
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where  70  = 


A 

Xr 


=  COCVr 


0 


Xc=  — —  is  called  capacitative  reactance.  The  volt¬ 
age  across  the  capacitor  lags  behind  the  current  in 
the  circuit  by  a  phase  angle  of  nil. 

(d)  A.  C.  circuit  containing  an  ideal  inductor  and  a  pure 
resistor  (Fig.  25.35) 

v0  =  i0z 


Where  V0=  +VL 


VR  =  IR,  VL  =  IX L 


and  Z=  y-  =  ^R2+Xl  =  sIr2  +(eoL)2  is  called 


impedance. 


R 

-AAAAr 


-e- 


V=Vq  sin  of 

Fig.  25.35 

7  =  I0  sin  ( cot  -  tj) ) 

where  0  =  tan-1  is  the  phase  angle  between 

the  voltage  and  current  in  the  circuit. 

(e)  A.C.  circuit  containing  an  ideal  capacitor  and  a 
pure  resistor  (  Fig.  25.36) 

v0  =  i0z 


where  V0  =  +  Vc 


VR  =  IR,  Vc  =  IX, 


lc 


and  Z=  —  = 


is  called  impedance. 

/  =  I0  sin  (cot  +  (j>) 


where  0  =  tan 


-l 


1  ^  • 


.  RcoC  ) 

the  voltage  and  current  in  the  circuit 


is  the  phase  angle  between 


25.13  POWER  IN  LCR  CIRCUIT 

_ I _ 

In  a  series  LCR  circuit  driven  by  an  alternating  voltage 
V=  V0  sin  cot,  the  current  in  the  circuit  is 
/  =  /0  sin  (cot  ±  0) 

depending  upon  whether  XL  <  Xc  or  X,  >  Xc. 


7 


0  =  tan  1 


1  T  1  A 
coL - 

_ coC 

V 


and 

R  J 

Instantaneous  power  supplied  to  the  circuit  by  the  A.C. 
source  is 

P(t)  =  VI  =  V0  sin  cot  x  70  sin  ( cot  ±  0) 

=  V()  /0  sin  cot  x  sin  (cot  +0) 

.'.  Average  power  supplied  by  the  source  in  one  complete 
cycle  is 

T 

-  1 


P  =  -\Pit)dt 


0 


1  T( 

—  x  V0  I()  J  sin  cot  (sin  cot  cos0  ±  cos  cot  sin  (/>)dt 


T 

_  v0 ,/0 


cos  0  |  sin2  (cot)dt  ±  sin  /  J  sin  (cot)  X 


V0I0 


T 

COS  0  x  —  ±  0 


cos  (cot)dt 


V0 10 


In 


2  COS  0=  C0S<^ 


or  p  =  Vrms  /rms  cos  0 
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Power  Factor  of  an  A.C.  Circuit 

The  power  supplied  by  the  source  depends  not  only 
on  Krms  and  /rms  but  also  on  cos  0.  The  quantity  cos  0  is 
called  the  power  factor  of  the  A.C.  circuit.  Now 

1 


coL  ■ 


and 


tan  0  = 
cos  0  = 


coC 


R 


(l  +  tan2  0) 

1 


1/2 


f  M2 

(oL - 

( oC 


1  + 


V 


R 


J 


R 


R  +\coL 


.--Lf 

coCl  J 


1/2 


R 
Z 

Power  factor  =  .  , 

impedance 

Special  Cases 

(a)  For  an  A.  C.  circuit  containing  only  a  resistor, 

Z  =  R  and  cos  0  =  —  =  1  =>0=0  and 


resistance 


p  =  V  I 

1  r  rms  rms 


R 


(b)  For  an  A.C.  circuit  containing  only  an  inductor  or 
a  capacitor, 

0  =  90°.  Hence  P  =  0 

(c)  At  resonance,  0  =  0  for  an  LCR  circuit.  Hence  P  = 
maximum,  i.e.  maximum  power  is  delivered  to  the 
circuit  form  A.C.  source. 

Wattless  Current 

For  an  A.C.  circuit  containing  only  a  pure  inductor  or  an 
ideal  capacitor  0  =  90°.  Hence 

P  =  4ms  4ns  COS  90°  =  0 

Such  an  A.C.  circuit  consumes  no  power.  The  current 
flowing  through  the  inductor  or  capacitor  consumes  no 
power  and  is  called  wattless  current. 

Bandwidth  and  Quality  Factor  of  LCR  Circuit 

For  an  LCR  circuit  driven  by  an  alternating  voltage 
V  =  V0  sin  cot,  the  peak  (amplitude)  value  of  the  current 
is  given  by 


/  =  ^  = 
7°  Z 


Vn 


(4)max  1  =>  -  (/0)max  R 

K 


In  terms  of  (/0)max,  4  is  given  by 


4  = 


(4)  R 

v  u  /max 


.  i 

R~  +  coL- 


2-f2 

ad  . 


Figure  25.37  shows  the  variation  of/0  versus  ox 


Fig.  25.37 

Let  cox  and  ox,  be  the  values  of  ax  when  70  = 
i.e.  when 


(4)n 


V2 


(4)  R 

v  u  /max 


R2  +(oxL-— ) 
\  coCl 


1/2 


(4  )max  R 

72 


R~  +  coL 


1 

~coC 


=  R~ 


1 


coL - =  ±  R 

coC 


Case  1:  coL - —  =  +  R=>  a?  — —  = 


coC 

Rco 


Rco 
LC  L 


1 


o}  - -  -  co2  =0,  where  cor  =  , — 

L  4lc 


The  positive  root  of  this  quadratic  equation  is 
R 


4ox2L2  f 


Case  2:  coL - =  R 

coC 


ox2+^-co2  =  0 


The  positive  root  of  this  quadratic  equation  is 


R2  +(coL-— ) 

1/2 

R 

,  4ox2L2 ) 

OX  t  —  —  + 

1+  D2 

L  l  coCl  J 

2  L 

l  R  J 

1/2 
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Q  = 


Bandwidth  Aco  =  co2  —  m,  =  — 

Quality  factor  (or  Q  factor)  of  LCR  circuit  is  defined  as 
resonant  frequency  _  cor 
bandwidth  Aco 

=  — —  x  -=  -  E 

4lc  x  r  r\c 

Q  is  a  dimensionless  number.  Figure  25.38  shows  the 
graph  of  p  versus  co  for  some  values  of  0. 


Fig.  25.38 

The  power  peak  is  sharp  for  high  Q.  The  resonance 
is  then  said  to  be  sharp.  Higher  the  value  of  Q,  the 
sharper  is  the  resonance  and  greater  is  the  power 
absorbed  from  the  source. 


EXAMPLE  25.26 


A  coil  of  inductance  0.5  H  and  a  resistor  of  resis¬ 
tance  100  Q  are  connected  in  series  to  a  240  V,  50  Hz 
supply. 

(a)  Find  the  maximum  current  in  the  circuit. 

(b)  What  is  the  time  lag  between  voltage  maximum 
and  current  maximum? 


SOLUTION 


Given  Frms  =  240  V,  co=2nv  =  2nx50  =  lOO^rads 
L  =  0.5  H  and  R  =  100  £X 

V=  V0  sin  cot 


I  =  70  sin  ( cot  -0); 


4  = 


(R2  +  co2L2) 


1/2 


tan  0  =  - 

R 

(a)  V0=yf2Vma=  72  x  240  V 
72  x  240 

4  - 


[(100)2  +  (IOOtt  x  0.5)2] 


ill 


=  1.82  A 


K 

(b)  V  is  maximum  when  sin  cot  =  +  1  =>  cot ,  =  — 

2 

n  z 

=>  t,  —  — 

1  2  co 

I  is  maximum  when  sin  (cot  -  cj) )  =  +1  =>  cot2  -  0 

n  n  cb 

—  -  =>  —  -  —  - 

2  2co  co 

Time  lag  between  voltage  maximum  and  cur¬ 
rent  maximum  is 


K 


i-iUi 


2  co  \2  co  co 


co 


^  ^  coL  IOOttxO.5 

Now  tan  0=  -  =  -  =  1.57 

R  100 

,  __  _q  57.5 xn  , 

0  =  57.5°  =  -  rad 

180 

cb  57.5  xn 

At  =  —  =  -  =  3.2  x  10  2  s 


co  180x100^: 


EXAMPLE  25.27 


A  capacitor  of  capacitance  100  p.F  and  a  resistor  of 
resistance  40  Q.  are  connected  in  series  to  a  1 1 0  V, 
60  Hz  supply. 

(a)  Find  the  maximum  current  in  the  circuit. 

(b)  What  is  the  time  lag  between  current  maximum 
and  voltage  maximum? 


SOLUTION 


Given  C  =  100  pF  =  100  X  10  6  F,  R  =  40  Q,  Vnns  = 
110  V,  co=  2nv  =  2nx  60  =  120  rad  s_1 
V  =  V0  sin  cot 


I  =  I0  sin  (cot  +  0), 


4  = 


Vn 


0 


(a)  4=7 


*2+^ 

co2C2 

72x110 


vi 


,  tan  0  = 


coCR 


(40)2 


1 


LV 


(l20xl0“4) 


1/2 


=  3.24  A 


.  n 
cot ,  =  — 


h 


(b)  V  is  maximum  when  sin  cot  =  +  1 

K  l 

2  co 

I  is  maximum  when  sin  (cot  +  0)  =  +  1 

,  K  7T  0 

=>  COt  2+  0  -  —  =>  t2  ~  - - 

2  2co  co 

Time  lag  between  current  maximum  and  volt¬ 
age  maximum  is 
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At  -  tx-  t2~  — 


Now  tan  0  = 


1 


co 


1 


coCR  1207TX  10^x40 
33.5X71 


=  0.663 


<f>  =  33.5°  = 


A?  =  —  = 


180 

(j)  _  33.5xn 


rad 


co  180x1207: 


=  1.55  x  10~3  s 


EXAMPLE  25.28 


A  series  LCR  circuit  with  L  =  5  H,  C  =  80  pF  and 
R  =  40  £2  is  connected  to  a  variable  frequency  230  V 
a.c.  source. 

(a)  What  is  the  source  frequency  which  drives  the 
circuit  at  resonance? 

(b)  What  is  the  impedance  of  the  circuit  at  reso¬ 
nance? 

(c)  Find  peak  value  of  the  current  at  resonance. 

(d)  Find  the  rms  potential  differences  across  L,  C 
and  R  at  resonance. 

(e)  What  is  the  total  potential  difference  across  the 
combination  of  L  and  C  at  resonance. 

(f)  Find  the  maximum  power  transferred  to  the  cir¬ 
cuit  from  the  source  in  one  complete  cycle. 


SOLUTION 


(a)  m,.  = 


1 


'fLC  ^5x80x10 
ft),  50 


=  50  rad  s 


-l 


-6 


(b)  z  = 


2  n  2n 


R~  +  coL- 


=  7.96  Hz 


coCJ  J 


nl/2 


=  R 

=  40  0 


( v  coL  =  -  at  resonance) 

coC 


(c) /o,h.7 12^,  8.,  A 

Z  40 

(d)  (VL  )rms  =  /„  xIL  =  7rms  x  co,L 

230 


40 


x  50  x  5  =  1437.5  V 


(^c)rms  Ams  X  % C  Ams  X 


1 


co..C 


230 


x 


1 


40  80x10“6x50 


=  1437.5  V 


230 

(Vr)  rms  =IrmsxR=  —  X  40  =  230  V 


40 


(®)  (^Z,c) rms  4ms  X  CO  L 


1 


corC 

=  1437.5  -1437.5  =  0 
(Q  ^max  —  ^rms  X  Ams  X  0 


=  Fms  x  /rms  ( •.•  cf)  =  0  at  resonance) 


V2  230x230 

’  rmc  _ 


=  r  rms  = 


R 
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40 


=  1322.5  W 


When  an  alternating  voltage  of 220  V  is  applied  across 
a  device  A,  a  current  of  0.5  A  flows  through  the  circuit 
and  it  is  in  phase  with  the  applied  voltage.  When  the 
same  voltage  is  applied  across  a  device  B,  again  the 
same  current  flows  in  the  circuit  but  it  leads  the  volt¬ 
age  by  k/2.  (a)  Name  devices  A  and  B.  (b)  Compute 
the  current  when  the  same  voltage  is  applied  across  a 
series  combination  of  A  and  B. 


SOLUTION 


(a)  Device  A  is  a  resistor  and  B  is  a  capacitor. 

(b)  Given  ^  =  220  V,Ims  =  0.5  A 


V  220 

Resistance  of  A  is  R  =  =  -  =  440  £2 

-Cmc  0.5 


V  220 

Reactance  of  B  is  Xc  =  =  -  =  440  £2 


-Ams  d-5 


Impedance  when  A  and  B  are  connected  in  series 
is 

Z=  ^R2xX2  =  ^(440)2  +  (440)2  =622.3  £2 


v  220 

.-.  /  =  =  — —  =  0.35  A 

Z  622.3 


25.14  |  LC  OSCILLATIONS _ 

In  an  electrical  circuit  consisting  of  an  inductance  L  and 
a  capacitance  C,  the  charge  (and  hence  current)  oscillates 
harmonically  with  an  angular  frequency 


1 


ft)  = 


VZc 


and  time  period  T=  2k\[lC 

The  charge  and  current  in  the  circuit  vary  with  time  as 
q  =  q0  sin  {cot  +  (j))  and  /  =  70  cos  {cot  +  0) 
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Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  square  loop  is  placed  in  a  uniform  magnetic  field 
B  as  shown  in  Fig.  25.39.  The  power  needed  to  pull 
it  out  of  the  field  with  a  velocity  v  is  proportional 
to 


(a)  v 
(c)  v 2 


1/2 


(b)  P 
(d)  v 


3/2 


Loop 


Fig.  25.39 

2.  Two  circular  co-axial  coils  of  equal  radii  carry 
equal  currents  circulating  in  the  same  direction.  If 
the  coils  are  moved  towards  each  other, 


(a) 

(b) 

(c) 

(d) 


the  current  in  each  coil  will  increase 
the  current  in  each  coil  will  decrease 
the  current  in  each  coil  will  remain  the  same 
the  current  in  one  coil  will  increase  and  in 
the  other  coil  the  current  will  decrease. 

3.  A  circular  coil  with  its  plane  vertical  is  released 
from  rest.  It  enters  a  region  of  a  uniform  magnetic 
field  B  at  time  t  =  tx  and  leaves  the  region  at  time 
t=  t2  (Fig.  25.40).  The  acceleration  of  the  coil  is 


Coil 


Fig.  25.40 

(a)  less  than  g  for  all  values  of  1 

(b)  equal  to  g  for  all  values  of  t 


(c)  equal  to  g  before  t  =  tx  and  after  t  =  t2  but 
less  than  g  between  tx  and  t2. 

(d)  less  than  g  when  it  is  entering  the  field  and 
when  it  is  leaving  the  field. 

4.  An  equilateral  triangular  loop  PQR  of  side  a  is  at 
the  edge  of  a  uniform  magnetic  field  B  at  t  =  0  as 
shown  in  Fig.  25.4 1  (a).  It  is  pulled  to  the  right  with 
a  constant  velocity  v  and  its  edge  R  leaves  the  re¬ 
gion  of  magnetic  field  at  t  =  t0.  Which  of  the  graphs 
shown  in  Fig.  25.41  (b)  represents  the  variation  of 
induced  current  i  with  time  ft 


X  X  X  X  X 


X  X  X  X  X 


Fig.  25.41  (a) 


Fig.  25.41  (b) 

5.  Two  parallel  wires  PQ  and  RS  are  connected  by 
a  capacitor  and  a  metal  rod  CD  and  placed  in  a 
magnetic  field  directed  into  the  page  as  shown  in 
Fig.  25.42.  If  rod  CD  is  moved  with  a  velocity  v  as 
shown  in  the  figure, 
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6. 


X 

■T 


R 


Fig.  25.42 


(a)  plate  1  of  the  capaci¬ 
tor  acquires  a  positive 
charge  and  plate  2  an 
equal  negative  charge 

(b)  plate  1  of  the  capaci¬ 
tor  acquires  a  negative 
charge  and  plate  2  an 
equal  positive  charge 

(c)  plates  1  and  2  do  not  acquire  any  charge 

(d)  the  energy  stored  in  the  capacitor  increases 
linearly  with  time. 

A  square  loop  of  side  a  is  placed  such  that  its  plane 
is  the  same  as  that  of  a  very  long  straight  wire  car¬ 
rying  a  current  I.  The  centre  O  of  the  loop  is  at  a  dis¬ 
tance  x  from  the  wire  (Fig.  25.43).  The  loop  is  given 
a  velocity  v  as  shown.  If  x  »  a,  the  magnitude  of 
the  emf  induced  in  the  loop  is  proportional  to 

(a)  x 

(b)  x2 

(c)  - 


(d)  4 

x  Fig.  25.43 

7.  Two  ideal  inductors  are  connected  in  parallel  as 
shown  in  Fig.  25.44.  A  time-varying  current  flows 


as  shown.  The  ratio  I ,/L 

00  4 


(°)  J4 


xi  i2  at  any  time  t  is 


(b)  f 
L\ 

(d,f 


/i  M 

-+-^nnnr- 


Fig.  25.44 

8.  In  the  circuit  shown  in  Fig.  25.45,  /2  =  3A  in  the 
steady  state.  The  potential  difference  across  the 
4  12  resistor  is 


4  mH 

r^nnnr^n 


/1  6  n 

r— AWA- 


-AVW^- 

2  n 


4  n 
hVW — • 


3  mH 

H-^nnnr^Awv — ww — 1 

k  IQ  3  Q 

Fig.  25.45 


(a)  12  V  (b)  18  V 

(c)  20  V  (d)  24  V 

9.  An  alternating  current  (in  ampere)  varies  with  time 
t  as 

/  =  3  sin  cot  +  4  cos  cot 
The  rms  value  of  the  current  is 


,a)^A 
(c)  Ti  A 


<b)  T2A 


<d)  T2A 


10.  A  series  LCR  circuit  consists  of  a  variable  induc¬ 
tance  L,  variable  capacitance  C  and  variable  resis¬ 
tance  R.  For  a  given  set  of  values  of  L,  C  and  R,  the 
voltage  lags  the  current.  The  power  factor  of  the 
circuit  can  be  increased  by 

(a)  decreasing  L 

(b)  decreasing  C 

(c)  decreasing  R 

(d)  increasing  R  or  L  or  C. 

11.  A  coil  and  a  capacitor  are  connected  in  series  with  a 
12  V,  variable  frequency  a.c.  source.  By  varying  the 
frequency  of  the  source,  a  maximum  rms  current  of 
6  A  is  observed.  If  the  same  coil  is  connected  to  a 
battery  of  emf  6  V,  a  current  of  2  A  flows  through 
it.  The  internal  resistance  of  the  battery  is 

(a)  0.5  Q  (b)  1.0  12 

(c)  1.5  12  (d)  2.0  12 

12.  In  a  series  LCR  circuit,  the  voltage  across  resis¬ 
tance,  capacitance  and  inductance  is  the  same,  each 
equal  to  80  V.  If  the  capacitor  is  short  circuited,  the 
voltage  across  the  inductor  becomes 

(a)  zero  (b)  40  V 

(c)  80  V  (d)  40V2  V 

13.  A  circuit  consists  of  a  2  pF  capacitor  connected 
through  an  a.c.  ammeter  to  an  a.c.  source  of  voltage 
given  by 

V  =  200  V2  sin  (lOOi  +  ji/3) 

where  V is  in  volts  and  t  in  seconds.  The  reading  of 
the  ammeter  is 

(a)  10  mA  (b)  20  mA 

(c)  30  mA  (d)  40  mA 

14.  A  circuit  has  a  self  inductance  of  1  henry  and 
carries  a  current  of  2  A.  To  prevent  sparking 
when  the  circuit  is  broken,  a  capacitor  which  can 
withstand  400  volts  is  used.  The  least  capacitance 
of  the  capacitor  connected  across  the  switch  must 
be  equal  to 
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(a)  12.5  |iF  (b)  25  |iF 

(c)  50  |iF  (d)  100  |iF 

15.  A  25  kW  dc  generator  produces  a  potential  differ¬ 
ence  of  250  V.  If  the  resistance  of  the  transmission 
line  is  1  Q,  what  percentage  of  the  original  power 
is  lost  during  transmission? 

(a)  40%  (b)  50% 

(c)  60%  (d)  75% 

16.  Which  one  of  the  graphs  shown  in  Fig.  25.46  repre¬ 
sents  the  variation  of  current  /  in  the  circuit  shown 
in  Fig.  25.47  with  time  t,  the  key  AT  being  a  plugged 
at  t  =  0 

t 

/ 


(a)  1  (b) 


(c)  (d) 

Fig.  25.46 


Fig.  25.47 

17.  Which  one  of  the  graphs  shown  in  Fig.  25.48 
represents  the  variation  of  potential  difference 
V  across  the  inductor  L  with  time  t,  the  key  K 
being  plugged  at  t  =  0,  in  the  circuit  shown  in 
Fig.  25.47? 


(a)  (b) 


Fig.  25.48 

18.  An  inductive  coil  has  a  resistance  of  100  12.  When 
an  ac  signal  of  frequency  1 000  Hz  is  fed  to  the  coil, 
the  applied  voltage  leads  the  current  by  45°.  What 
is  the  inductance  of  the  coil? 

(a)  10  mH  (b)  12  mH 

(c)  16  mH  (d)  20  mH 

19.  An  ac  source  of  variable  frequency /is  connected 
to  an  LCR  series  circuit.  Which  one  of  the  graphs 
in  Fig.  25.49  represents  the  variation  of  current  /  in 
the  circuit  with  frequency /? 

t 

i 


o  f  - 

(a) 

!  / 


0  1 
(c) 

Fig.  25.49 

20.  An  inductor  of  self  inductance  100  mH  and  a 
resistor  of  resistance  50  Q  are  connected  to  a  2  V 
battery.  The  time  required  for  the  current  to  fall  to 
half  its  steady  value  is 

(a)  2  millisecond 

(b)  2  In  (0.5)  millisecond 

(c)  2  In  (1)  millisecond 

(d)  2  In  (2)  millisecond 

21.  A  radio  tuner  has  a  frequency  range  from  500  kHz 
to  5  MHz.  If  its  LC  circuit  has  an  effective  induc¬ 
tance  of  400  (J.  H,  what  is  the  range  of  its  variable 
capacitor?  Take  n2  =  10. 

(a)  2.5  pF  to  250  pF  (b)  5.0  pF  to  500  pF 

(c)  7.5  pF  to  750  pF  (d)  10  pF  to  1000  pF 

22.  L,  C  and  R,  respectively  represent  inductance, 
capacitance  and  resistance.  Which  one  of  the 


(d) 
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following  combinations  has  the  dimensions  of 
frequency? 

(a)  1  IRC  (b)  l/LC 

(c)  UR  (d)  C/L 


23.  An  alternating  voltage  (in  volts)  given  by 
V  =  200  V2  sin  (100  t ) 

is  connected  to  1  pF  capacitor  through  an  ac 
ammeter.  The  reading  of  the  ammeter  will  be 

(a)  10  mA  (b)  20  mA 

(c)  40  mA  (d)  80  mA 


24.  Three  pure  inductances  each  of  3H  are  connected 
as  shown  in  Fig.  25.50.  The  equivalent  inductance 
between  points  A  and  B  is 


(a)  1  H 
(c)  3  H 


3  H 


(b)  2  H 
(d)  9  H 


3  H  3  H 


B 


Fig.  25.50 

25.  In  an  ac  circuit  the  potential  difference  V  and 
current  /  are  given  respectively  by 

V=  100  sin  (100  t )  volt 

and  /=  100  sin  ^100r  +  yj  mA 

The  power  dissipated  in  the  circuit  will  be 

(a)  104  W  (b)  10  W 

(c)  2.5  W  (d)  5  W 

26.  A  coil  of  metal  wire  is  kept  stationary  in  a  non- 
uniform  magnetic  field, 

(a)  an  emf  and  cunent  are  both  induced  in  the  coil 

(b)  a  current  but  no  emf  is  induced  in  the  coil 

(c)  an  emf  but  no  current  is  induced  in  the  coil 

(d)  neither  emf  nor  current  is  induced  in  the  coil. 

<  IIT,  1987 

27.  A  loosely  wound  helix  made  of  stiff  wire  is 
mounted  vertically  with  the  lower  end  just  touch¬ 
ing  a  dish  of  mercury.  When  a  current  from  the 
battery  is  started  in  the  coil  through  the  mercury 

(a)  the  wire  oscillates 

(b)  the  wire  continues  making  contact 

(c)  the  wire  breaks  contact  just  when  the  current 
is  passed 

(d)  the  mercury  will  expand  by  heating  due  to 
passage  of  current. 

<  IIT,  1981 


28.  In  an  ac  circuit  the  potential  differences  across  an 
inductance  and  a  resistance  connected  in  series 
are  respectively  16  V  and  20  V.  The  total  potential 
difference  across  the  circuit  is 


(a)  20.0  V  (b)  25.6  V 

(c)  31.9  V  (d)  53.5  V 


29.  An  alternating  voltage  V=  F0sin  cot  is  applied  across 
a  circuit.  As  a  result  a  current  /  =  70  sin  {cot  -  n/2) 
flows  in  it.  The  power  consumed  per  cycle  is 

(a)  zero  (b)  0.5  F0/0 

(c)  0.707  V r/o  (d)  1.414  VqI0 

30.  A  conducting  square  loop  of  side  L  and  resistance 
R  moves  in  its  plane  with  a  uniform  velocity  v  per¬ 
pendicular  to  one  of  its  sides.  A  magnetic  field  B, 
constant  in  space  and  time,  pointing  perpendicular 
and  into  the  plane  of  the  loop  exists  everywhere 
as  shown  in  Fig.  25.51.  The  current  induced  in  the 
loop  is 

B - A 


X 

X 

X 

X 

X 

X 

X 

X 
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X 
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X 

X 
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X 

Fig.  25.51 


(a)  BLv/R  clockwise 

(b)  BLv/R  anticlockwise 

(c)  IBLvIR  anticlockwise 

(d)  zero 

IginT,  1989 

31.  A  thin  circular  ring  of  area  A  is  held  perpendicu¬ 
lar  to  a  uniform  magnetic  field  of  induction  B.  A 
small  cut  is  made  in  the  ring  and  a  galvanometer  is 
connected  across  the  ends  such  that  the  total  resis¬ 
tance  of  the  circuit  is  R.  When  the  ring  is  suddenly 
squeezed  to  zero  area,  the  charge  flowing  through 
the  galvanometer  is 


,  v  BR 

(a)  T 


(c)  ABR 


TO  " 
R 

tHt  B'A 

(d)  2~ 

R~ 


<  IIT,  1995 


32.  A  thin  semicircular  conducting  ring  of  radius  R  is 
falling  with  its  plane  vertical  in  a  horizontal  mag¬ 
netic  field  B  (Fig.  25.52).  At  the  position  MNQ  the 
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speed  of  the  ring  is  v  and  the  potential  difference 
across  the  ring  is 

(a)  zero 

1  , 

(b)  —  BvnRr  and  M  is  at  higher  potential 


(c)  kRBv  and  Q  is  at  higher  potential 

(d)  2  RBv  and  0  is  at  higher  potential. 

HlIT,  1996 


P  at  a  distance  r  from  the  centre  of  the  circular 
region 

(a)  is  zero  (b)  decreases  as  — 

r 

(c)  increases  as  r  (d)  decreases  as  \ . 

r 


Fig.  25.52 

33.  A  small  square  loop  of  wire  of  side  /  is  placed  inside 
a  large  square  loop  of  wire  of  side  L  ( L  »  /).  The 
loops  are  coplanar  and  their  centres  coincide.  The 
mutual  inductance  of  the  system  is  proportional  to 


(a) 

1 

L 

(b) 

(c) 

L 

1 

(d) 

<  IIT,  1998 

34.  A  circular  loop  of  radius  R,  carrying  current  /,  lies 
in  the  x-y  plane  with  its  centre  at  the  origin.  The 
total  magnetic  flux  through  the  x-y  plane  is 

(a)  directly  proportional  to  / 

(b)  directly  proportional  to  R 

(c)  inversely  proportional  to  R 

(d)  zero 

<  IIT,  1999 

35.  A  coil  of  inductance  8.4  mH  and  resistance  6  £1  is 
connected  to  a  12  V  battery.  The  current  in  the  coil 
is  1 .0  A  at  approximately  the  time 

(a)  500  s  (b)  20  s 

(c)  35  ms  (d)  1  ms 

<  IIT,  1999 

36.  A  uniform  but  time  varying  magnetic  field  B(t) 
exists  in  a  circular  region  of  radius  a  and  is  directed 
into  the  plane  of  the  paper  as  shown  in  Fig.  25.53. 
The  magnitude  of  the  induced  electric  field  at  point 


37.  In  a  uniform  magnetic  field  B,  a  wire  in  the  form  of 
a  semicircle  of  radius  r  rotates  about  the  diameter 
of  the  circle  with  an  angular  frequency  co.  The  axis 
of  rotation  is  perpendicular  to  the  field.  If  the  total 
resistance  of  the  circuit  is  R,  the  mean  power  gener¬ 
ated  per  period  of  rotation  is 


(a) 

nr'-coB 

(b) 

{nr^coB) 

2  R 

M 

(c) 

(. nrcoB )2 

2  R 

(d) 

(. nrorB ) 

38.  A  metal  conductor  of  length  1  m  rotates  vertically 
about  one  of  its  ends  at  angular  velocity  5  rad  s  1 .  If 
the  horizontal  component  of  earth's  magnetic  field 
is  0.2  x  1 0-4  T,  the  emf  developed  between  the  ends 
of  the  conductor  is 

(a)  5  |iV  (b)  50  pV 

(c)  5  mV  (d)  50  mV 

39.  A  capacitor  of  capacitance  2  pF  is  charged  to  a 
potential  difference  of  12  V.  The  charging  battery  is 
then  removed  and  the  capacitor  is  connected  across 
an  inductor  of  self  inductance  0.6  mH.  The  current 
in  the  circuit  at  a  time  when  the  potential  difference 
across  the  capacitor  is  6  V  is 

(a)  0.3  A  (b)  0.6  A 

(c)  0.9  A  (d)  1.2  A 

Hut,  1992 

40.  A  wire  in  the  form  of  a  circular  loop  of  radius  r 
lies  with  its  plane  normal  to  a  magnetic  field  B. 
If  the  wire  is  pulled  to  take  a  square  shape  in  the 
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same  plane  in  time  t,  the  emf  induced  in  the  loop  is 
given  by 


(a) 


nBr 


1-* 

10 


(b) 


nBr 


x-n- 


(c) 


nBr 


1-* 


(d) 


nBr 


1-* 


(a)  maximum  in  situation  (A) 

(b)  maximum  in  situation  (B) 

(c)  maximum  in  situation  (C) 

(d)  the  same  in  all  situations. 

=  0 

c  c  c  >  0 


41.  A  square  loop  of  side  /,  mass  m  and  resistance 
R  falls  vertically  into  a  uniform  magnetic  field 
directed  perpendicular  to  the  plane  of  the  coil.  The 
height  /?  through  which  the  loop  falls  so  that  it 
attains  terminal  velocity  on  entering  the  region  of 
magnetic  field  is  given  by 
mgR 


(a) 

(c) 

42.  The 


2B1 
mgR 2 
4f?3/3 


(b) 


(d) 


m2  gR2 
2  B:I2 
m2  gR1 
2B4!4 


(a) 

p0nr2 

(b) 

2r\ 

(c) 

Po^(rl  +r2f 

2  r. 

(d) 

mutual  inductance  between  two  planar 
concentric  rings  of  radii  rx  and  r2  (with  rl  >  ri) 
placed  in  air  is  given  by 

"2 

2r2 

Po^(ri  +r2)2 
2r2 

43.  A  square  metal  wire  loop  of  side  10  cm  and  resis¬ 
tance  1  £2  is  moved  with  a  constant  velocity  v  in 
a  uniform  magnetic  field  B  =  2T  as  shown  in  Fig. 
25.54.  The  magnetic  field  is  perpendicular  to  the 
plane  of  the  loop  and  directed  into  the  paper.  The 
loop  is  connected  to  a  network  of  resistors,  each 
equal  to  3  £2.  What  should  be  the  speed  of  the  loop 
so  as  to  have  a  steady  current  of  1  mA  in  the  loop? 


(a)  1  cm  s 
(c)  3  cm  s 


,-i 


(b)  2  cm  s  1 
(d)  4  cm  s_1 


IIT,  1983 


Fig.  25.54 

44.  Two  circular  coils  can  be  arranged  in  any  of  the 
three  situations  shown  in  Fig.  25.55.  Their  mutual 
inductance  will  be 


(A)  (B)  (C) 

Fig.  25.55 

|  IIT,  2000 

45.  A  metallic  square  loop  ABCD  is  moving  in  its 
own  plane  with  velocity 
t  in  a  uniform  magnetic 
field  perpendicular  to 
its  plane  as  shown  in 
Fig.  25.56.  An  electric  field 
is  induced 

(a)  in  AD,  but  not  in  BC 

(b)  in  BC,  but  not  in  AD 

(c)  neither  in  AD  nor  in 
BC 

(d)  in  both  AD  and  BC 

46.  As  shown  in  Fig.  25.57,  P  and  Q  are  two  coaxi¬ 
al  conducting  loops  separated  by  some  distance. 
When  the  switch  S  is  closed,  a  clockwise  current 
Ip  flows  in  P  (as  seen  by  E)  and  an  induced  current 
7gi  flows  in  Q.  The  switch  remains  closed  for  a  long 
time.  When  S  is  opened,  a  current  I02  flows  in  0. 
Then  the  directions  of  Iol  and  I()1  (as  seen  by  E) 
are: 


D I 


Fig.  25.56 


■  IIT,  2001 


(a)  respectively  clockwise  and  anti-clockwise 

(b)  both  clockwise 

(c)  both  anti-clockwise 

(d)  respectively  anti-clockwise  and  clockwise 

<  IIT,  2002 
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47.  A  short-circuited  coil  is  placed  in  a  time-varying 

magnetic  field.  Electrical  power  is  dissipated  due 
to  the  current  induced  in  the  coil.  If  the  number  of 
turns  were  to  be  quadrupled  and  the  wire  radius 
halved,  the  electrical  power  dissipated  would  be 
(a)  halved  (b)  the  same 

(c)  doubled  (d)  quadrupled 

<  IIT,  2002 

48.  When  an  AC  source  of  e.m.f.  E  =  E0  sin  ( 1 00?) 
is  connected  across  a  circuit,  the  phase  difference 
between  the  e.m.f.  E  and  the  current  /  in  the  circuit 
is  observed  to  be  n/4,  as  shown  in  the  Fig.  25.58.  If 
the  circuit  consists  possibly  only  of  R-C  or  R-L  or 
L-C  in  series,  what  will  be  the  relation  between  the 
two  elements  of  the  circuit? 

(a)  R  =  1  k£2,  C  =  10  pF 

(b)  R  =  1  kQ,  C  =  1  pF 

(c)  R  =  1  k£2,  L  =  10  H 

(d)  R  =  1  kQ,  L  =  1  H 

<  IIT,  2003 


49.  An  air  plane,  with  20  m  wingspread  is  flying  at  250 
ms1  parallel  to  the  earth’s  surface  at  a  place  where 
the  horizontal  component  of  earth’s  magnetic  field 
is  2  x  10-5  T  and  angle  of  dip  is  60°.  The  magnitude 
of  the  induced  emf  between  the  tips  of  the  wings  is 

1  V2 

(a)  —V  (b)  — V 

10 


(c) 


Av 

10 


(d) 


10 

A 

5 


50.  A  solenoid  of  inductance  L  and  resistance  R  is  con¬ 
nected  to  a  battary.  The  time  taken  for  the  magnetic 

energy  to  reach  —  of  its  maximum  value  is 


L 

R 


(a) 

\  lo§e(l) 

K 

(b) 

(c) 

\  log*  (3) 

K 

(d) 

L 

R 


t;  IIT,  1996 


51.  An  LCR  series  circuit  with??  =  1 00  Q  is  connected  to 
a  200  V,  50  Hz  a.c.  source.  When  only  the  capacitance 
is  removed,  the  voltage  leads  the  current  by  60°.  When 
only  the  inductance  is  removed,  the  current  leads  the 
voltage  by  60°.  The  current  in  the  circuit  is 

(a)  A  A  (b)|A 

(c)  1A  (d)  2  A 

52.  A  uniform  metal  rod  is  moving  with  a  uniform 
velocity  v  parallel  to  a  long  straight  wire  carrying  a 
current  I.  The  rod  is  perpendicular  to  the  wire  with 
its  ends  at  distances  rx  and  r2  (with  r2  >  rl)  from  it. 
The  emf  induced  in  the  rod  is 


(a)  zero 


•  1 


2  n 


(c) 


In 


f-1 

(d)  "A 

(  r\ 

U  J 

4n  1 

V  r2  y 

53.  The  current  in  a  coil  of  self  inductance  2.0  H  is 
increasing  according  to  the  equation  /  =  2  sin  (r) 
ampere.  The  amount  of  energy  spent  during  the 
period  when  the  current  changes  from  zero  to  2  A  is 

(a)  2  J  (b)  4  J 

(c)  8  J  (d)  16  J 

54.  In  a  car  spark  coil,  an  emf  of  40,000  volts  is 
induced  in  its  secondary  when  the  current  in  its 
primary  changes  from  4  A  to  zero  is  10  ps.  The 
mutual  inductance  between  the  primary  and  the 
secondary  windings  of  the  spark  coil  is 

(a)  0.1  H  (b)  0.2  H 

(c)  0.3  H  (d)  0.4  H 

55.  A  rectangular  wire  loop  of  sides  a  and  b  is  placed 
in  a  non-uniform  magnetic  which  varies  with  x  as 
B  =  kx  where  k  is  a  constant.  The  magnetic  field 
is  directed  perpendicu¬ 
lar  to  the  plane  of  the 
coil  as  shown  in  Fig. 

25.59.  The  magnetic 
flux  through  the  coil  is 

(a)  zero 

(b)  kab2 

(c)  —  kab 2 
2 

(d)  4lkab2 
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Fig.  25.59 


56.  A  capacitor  of  capacitance  2  pF  is  charged  to  50 
V.  The  charging  battery  is  then  disconnected  and 
a  coil  of  inductance  5  mH  is  connected  across  it. 
Assuming  that  the  coil  has  negligible  resistance, 
the  peak  value  of  the  current  in  the  circuit  will  be 
(a)  1  A  (b)  2  A 

(c)  3  A  (d)  4  A 
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57.  The  variation  of  induced  emf  with  time  in  a  coil  if 
a  short  bar  magnet  is  moved  along  its  axis,  (shown 
in  Fig.  25.60),  with  a  constant  velocity  is  best  rep¬ 
resented  as 


nmwuuimw' 


(a) 


(b) 


(c) 


(d) 


■  IIT,  2004 


58.  A  cylindrical  conducting  rod  is  kept  with  its  axis 
along  the  x-axis.  Also  there  exists  a  uniform  mag¬ 
netic  field  parallel  to  the  x-axis.  The  current  induced 
in  the  cylinder  is 

(a)  clockwise  as  seen  from  the  +  x  axis 

(b)  anticlockwise  as  seen  from  the  +  x  axis 

(c)  Along  the  axis  towards  -  x  direction 

(d)  zero 

|  IIT,  2005 

59.  Figure  25.61  shows  certain  wire  segments  joined 
together  to  form  a  coplanar  loop.  The  loop  is  placed 
in  a  perpendicular  magnetic  field  in  the  direction 
going  into  the  plane  of  the  figure.  The  magnitude 
of  the  field  increases  with  time.  /,  and  /2  are  the 
currents  in  the  segments  AB  and  CD.  Then, 

(a)  /,  >  /2 

(b)  /,  <  I2 

(c)  /,  is  in  the  direction  BA  and  /2  is  in  the  direc¬ 
tion  CD 

(d)  /,  is  in  the  direction  AB  and  I2  is  in  the  direc¬ 
tion  DC 

x  C  x  /2  x  D 


x 


x 


X 

Fig  25.61 
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SOLUTIONS 


1.  If  /  is  the  side  of  the  square  loop,  the  magnitude  of 
emf  induced  is  |  e  \  =  B  I  v.  If  R  is  the  resistance  of 
the  loop,  the  induced  current  is 


Blv 

i  =  - 

R 
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The  force  required  to  pull  the  loop  is  F  =  Bil 

_  B2 12  v 

R 

B2 1 2  v2 

Power  needed  is  P  =  Fv  =  - .  So  the 

D 

correct  choice  is  (c). 

2.  According  to  Lenz’s  law,  the  direction  of  the  in¬ 
duced  current  in  each  coil  will  be  opposite  to  the 
direction  of  the  original  current.  Hence  the  current 
in  each  coil  will  decrease. 

3.  When  the  coil  is  within  the  region  of  the  magnetic 
field,  there  is  no  change  in  the  magnetic  flux  linked 
with  it.  Hence  between  tx  and  t2  no  current  is  in¬ 
duced  in  it  and  its  acceleration  will  be  g.  But  when 
it  is  entering  or  leaving  the  field,  then  according  of 
Lenz’s  law,  the  induced  current  will  oppose  its  mo¬ 
tion.  Therefore,  its  acceleration  will  be  less  than  g. 
Hence  the  correct  choice  is  (d). 

4.  Refer  to  Fig.  25.62.  In  time  t,  the  loop  moves  to  the 
right  a  distance  CD  =  vt.  Let  RD  =  b. 


Now 

RC  _  CT 
RD  QD 

RD-CD  _  CT 
RD  QD 

b  —  vt  _  CT 
b  all 


CT  = 


a(b  -  vt) 
2b 


ST=  2 CT=  -  (b  -  vt) 


Induced  emf  \  e  \  =  Bv  X  ST  =  Bv  \  a - vt 

l  b 

If  R  is  the  resistance  of  the  loop,  the  induced  current  is 


i  = 


R 


Bv 

R 


a 

a - vt 

b 


i  = 


Bv2  a  Bv  a 
- t  H - 

Rb  R 


Thus  the  graph  of  i  against  t  has  a  positive  intercept 

(  B  v  a\  .  f  B  v2  a2 

= -  and  a  negative  slope  = - . 

v  R  J  ^  Rb  J 

Hence  the  correct  choice  is  (b). 

5.  As  the  rod  CD  moves  to  the  right,  from  Fleming’s 
left  hand  rule,  the  free  electrons  in  CD  experience 
a  force  from  C  to  D.  Hence,  the  electrons  move 
from  C  to  D  and,  as  a  result,  end  C  acquire  a  posi¬ 
tive  charge  (due  to  loss  of  electrons)  and  end  D 
acquires  an  equal  negative  charge  (due  to  gain 
of  electrons).  Therefore,  plate  1  acquires  a  posi¬ 
tive  charge  and  plate  2  acquires  an  equal  negative 
charge. 

6.  Magnetic  flux  linked  with  the  loop  is 

tp  =  BA  =  B(a)2  (Area  of  loop  A  =  a2) 

Now  B  = 

2k  x 


<t>  = 


Bo  I  a2 
2k  x 


Induced  emf  is  e  = 


dtp 

dt 


Bo  I®2  v 
2  k  x2 


2 

fj.0  /  a "  dx 
2  k  x2  dt 


Hence  e  <*=  —  ,  which  is  choice  (d). 

x" 

7.  Since  the  inductors  are  connected  in  parallel,  the 
potential  difference  across  Lx  =  potential  difference 
across  L2  at  any  time  t.  Hence. 


dl\  _  T  dl2 

J-tJ 

dt  "  dt 


— /  Lx  dl x  To  dF 


Integrating,  we  get  Lx  Ix=  L2I2 


which  gives 


h 
1 2 


L\  ' 


8.  In  the  steady  state,  the  resistance  of  the  inductor 
is  zero,  i.e.  it  behaves  as  a  short  circuit.  Hence  the 
circuit  can  be  drawn  as  follows.  (Fig.  25.63) 


6  Q 


- WA^- 

/ 

1  Q 

3  Q 

— > — VvVV - 

— ww — 

4  Q 


Fig.  25.63 
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I2  =  3  A.  Therefore,  p.d.  across  1  +  3=  411  resis- 

12 

tance  =  3x4=12  V.  Hence  7,  =  —  =  2  A.  There  - 

6 

fore  /  =/1+/2  =  2  +  3  =  5  A,  which  is  the  current 
flowing  through  4  £2  resistance.  So  p.d.  across  4  £2 
resistance  =  5  x  4  =  20  V. 

9.  Peak  value  of  current  is 

/()  =  V (3)2  +  (4)2  =  5  A 

/  =  io_  =  J_  a 
ms  V2  V2 

10.  Since  the  voltage  lags  current,  Xc  >  A,  or  — — 


coL 


Power  factor  cos  ct>  =  —  = 
Z 


coC 


nl/2 


Rz 


R2  + 


coC 


-  coL 


-i  1/2 


1 


(  1 

- coL 

coC 


1  + 


R 


It  is  clear  that  the  power  factor  can  be  increased  if 
the  denominator  is  decreased,  i.e.  if  R,  C  and  L  are 
increased.  Hence  the  correct  choice  is  (d). 

11.  With  an  a.c.  source,  the  current  is  maximum  at  reso¬ 
nance,  i.e.  when  Z  =  R,  where  R  is  the  resistance  of 
the  coil.  Given  frms  =  12  V.  Hence 
v  12 

r=  =  _  =  2  £2 

4ms  ^ 

If  the  coil  is  connected  to  a  d.c.  source 


7  = 


R  +  r 


;  r  =  internal  resistance  of  battery 


=>  2  — 


2  +  r 


r  =  1.0  £2 


12.  Given  VR  =  V,  =  Vc.  Therefore,  R  =  X,  =XC.  When 
the  capacitance  is  short  circuited,  Xc  =  0  and  the 
impedance  is 

Z  =  V R 2  +  x\  =  Jr2  +  R2  =  \fl  R 

(•••  R  =  xl) 


The  voltage  of  the  a.c.  source  is  given  by  (v  VL  = 

Vc) 

v=  Jv2+(Vl-Vc)2  =  VR  =  80  V 

.•.  Current  in  the  circuit  is 
V_  =  80 

Z  V2i? 


80 

Hence  V,  =  IX,  =  —j= — 

JlR 


xR 


(■■■xl  =  r) 


=  40^2  volt 


13.  An  a.c.  ammeter  reads  the  rms  value  of  current. 
Given  Vn  =  200  volts  and  co  =  100  rad  s-1. 


A  ms  =  Vrms  X  CO  C 


200  V2 

~ir 


x  100  x  (2  x  10~6)  =  40  mA 


14.  The  least  capacitance  is  such  that  the  energy  stored 
in  the  capacitor  is  equal  to  that  stored  in  the  induc¬ 
tor,  i.e. 

1,1,  LI 2 

-  CV2  =  -  LI 2  or  C  = 


V1 


=  1  X  ^ 2\  =  25  x  10-6  F  =  25  qF 
(400)2 

Hence  the  correct  choice  is  (b). 

15.  Current  in  the  transmission  line  is 
power  _  25000 


/  = 


=  100  A 


voltage  250 
.-.  Power  loss  =  I2R  =  (100)2  x  1  =  10000  W. 
Therefore,  the  percentage  of  original  power  lost  is 

x  100  =  40% 

25000 

Hence  the  correct  choice  is  (a). 

16.  The  growth  of  current  in  LR  circuit  is  given  by 
7-/0  (1  -  e  ) 


or 


7  =  4(1  -e~tlT) 


where  r  =  L/R  is  the  time  constant.  At 
t  =  0,  7  =  0.  At  t  »  t,  I  *  70. 

Hence  the  correct  graph  is  (b). 

17.  The  potential  difference  across  the  inductor  is 

T 7  _  T  ^  I  _  ^/1  -Rt/Ls 

v  -  -  L  —  -  -  LI0  —  (l  -  e  ) 
at  at 

_  T  T  ^  —Rt/L 

- Lin  —  e 
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-t!  x 


or  V  |  =  Vq  e  '  ,  where  V0  =  IqR  is  the  initial 
voltage.  Thus  V  =  V0  at  t  =  0  and  then  falls  expo¬ 
nentially  with  time  becoming  zero  at  t »  T.  Hence 
the  correct  graph  is  (b). 

18.  We  know  that  tan  </>  =  .  Therefore 


L  = 


Rtaruj) 


R 

100  X  tan  45° 


co  2^x1000 

-  15.9  x  10  3  =  16  mH 
Hence  the  correct  choice  is  (c). 

19.  The  current  in  an  LCR  circuit  is  given  by 

V 


/  = 


Rz  +  coL- 


1 


— il  /  2 


coC  j 

where  co  =  2  n  v.  Thus  /  increases  with  increase  in 
co  upto  a  value  of  ft)  =  co  c  given  by 

1  1 


co,.L  = 


or  co,.  = 


cocC  c  JLC 

when  /  becomes  maximum.  At  ft)  >  coc,  I  decreases 
with  increase  in  co.  Hence  the  correct  graph  is  (d). 
20.  The  time  constant  of  the  circuit  is 


L 

T=  —  = 

R 


100x10 

50 


-3 


=  2  x  1(T3  s 
=  2  millisecond. 


Current  at  time  t  is  given  by 

T  _  T  —tl T 

I  -  I0e 

where  70  is  the  steady  current.  Therefore,  time  for  / 
to  fall  to  IJ  2  is 

e~t! 1  =  ^  or  e//T  =  2  or  t  =  rln(2). 

Hence  the  correct  choice  is  (d). 

21.  Frequency  of  oscillation  of  an  LC  circuit  is 

co  1 


or 


v  = 


C  = 


2  n  2ns[LC 


An2  v2  L 


where  L  =  400  p  H  =  400  x  10  6  H. 

For  v  =  500  kHz  =  500  x  103  Hz,  we  have 

c-  1 


47T2  x  (500  x  103)~  x  400  x  106 

=  250  x  10-12  F  =  250  pF 
Similarly  for  v=  1  MHz=  106  Hz,  we  getC  =  2.5pF. 


Hence  the  range  of  the  capacitor  is  2.5  pF  to  250  pF, 
which  is  choice  (a). 

22.  The  dimensions  of  RC  are  those  of  ohm  x  charge  / 
voltage,  i.e. 

voltage  ^  charge  _  charge  _ 
current  voltage  charge/time 


Hence  the  dimensions  of  1  IRC  are  those  of 
frequency. 

23.  Given  V  =  200  sin  (100  1).  Comparing  this 
equation  with  V=  V0  sin  cot,  we  have 

V0  =  200  v/2  V  and  CO  =  100  rad  s~* 


The  current  in  the  capacitor  is 

V„ 


1  = 


=  Kms  x  0)C 


■:  Z  = 


coC 


=  x  coC  =  100^  x  100  x  1  x  10~6 
v2  V2 

=  20  x  10~3  A  =  20  mA 


24.  The  circuit  is  equivalent  to  three  inductances,  each 
of  value  3H,  connected  in  parallel.  The  equivalent 
inductance  L'  is  given  by 

_L  =  _L+_L  +  _L=A  =  !=1 

L'  L  L  L  L  3 
or  L'=  1  H.  Hence  the  correct  choice  is  (a). 


25.  Voltage  amplitude  V0  =  100  V,  current  amplitude 
I0=  100  mA  =  1 00  x  1 0  3  A  and  phase  difference 
K 

between  /  and  Vis  (f>—  —  =  60°.  Now  power  dis¬ 
sipated  is  given  by  ^ 


p  =  YhIsl  cos  ^ 

2 

100  x  100  x  10-3 
2 


x  cos  60°  =  2.5  W 


Hence  the  correct  choice  is  (c). 

26.  If  a  coil  is  not  moved  in  a  magnetic  field,  the 
magnetic  flux  does  not  change.  Hence  no  emf  or 
current  is  induced  in  the  coil. 

27.  When  a  current  is  passed  through  the  helix,  the 
neighbouring  coils  of  the  helix  attract  each  other 
due  to  which  it  contracts.  As  a  result  the  contact  is 
broken  and  the  coils  will  recover  their  original  state 
under  the  influence  of  a  restoring  force.  The  contact 
is  made  again  and  the  process  continues.  Thus  the 
wire  oscillates. 

28.  Since  the  voltage  leads  the  current  by  a  phase 
angle  of  90°,  the  total  potential  difference  across 
the  circuit  is 
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v=(vi  +  v\r 

=  (20  x  20  +  16  x  16)1/2  =  25.6  V 

29.  The  phase  angle  between  voltage  V  and  current  /  is 
n/2.  Therefore,  power  factor  cos  0  =  cos  (n  12)  =  0. 
Hence  the  power  consumed  is  zero. 

30.  Since  the  magnetic  field  is  constant  in  time  and 
space  and  exists  everywhere,  there  is  no  change  in 
magnetic  flux  when  the  loop  is  moved  in  it.  Hence 
no  current  is  induced. 


T  .  .  .  change  of  flux  0/“0; 

31.  Induced  charge  q  =  -  =  — - . 

resistance  R 

But  final  area  =  0,  therefore,  =  0.  Numerically, 
</>,-  =  BA.  Therefore,  q  =  BAIR. 

32.  As  the  ring  falls  with  a  velocity  v  the  decrease  in 
area  with  time  is 


d  A 
dt 


(2 R)v 


Induced  emf, 


e 


d d  d  „  d A  „„„ 

—  = - {BA)  =  -  B  - =  2 RBv. 

d 1  dt  dt 


From  Lenz’s  law,  the  induced  current  in  the  ring 
must  produce  magnetic  field  in  the  upward  direc¬ 
tion.  Hence  Q  is  at  higher  potential. 

33.  Refer  to  Fig.  25.64.  The  magnetic  field  due  a  cur¬ 
rent  /  in  the  large  loop  at  its  centre  is 
B  =  4  times  that  due  to  one  side 


-4x4_L 

4k  (LI  2) 


(cos  a  +  cos  p) 


(cos  45°  +  cos  45°) 
kL 

Bo  I 
kL 


(y  a  =  p  =  45°) 


Larger  loop 
/ 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

> 

\ 

l 
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/ 

f  / 
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/ 

/ 
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/ 
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t 

Smaller  loop 

4  / 


Fig.  25.64 


The  magnetic  flux  that  links  the  larger  loop  with 
the  smaller  loop  of  side  /  (/  «  L)  is 


012  =  Bl 2 


kL 


Mutual  inductance 


Mu  = 


_  012  _  2V2 


Bo 


n 


ft2\ 
\L  J 


i.e.  Mn  00 


L 


34.  Figure  25.65  shows  the  field  lines  (shown  as  broken 
curves)  of  the  magnetic  field  due  to  the  current  flow¬ 
ing  in  the  loop.  It  is  clear  from  the  figure  that  the 
magnetic  flux  in  the  x-y  plane  will  be  zero. 


35.  The  current  in  the  inductor  is  given  by 

I—  —  (1  -  e~',T),  where  r  =  L/R. 

R 

L  8.4  mH 

Given,  T  =  —  =  - 

R  6Q 

=  1.4  ms  (millisecond) 

1.0=  —  (1  -  e-tnA™) 

6 

or  e-,nAms  =1-1=1 
2  2 

or - —  =  log,  f-1  =  -  0.693 

1.4ms  ‘  U J 

or  t  =  0.693  x  1.4  ms  =  0.97  ms 

Hence  the  correct  choice  is  (d). 

36.  A  time  varying  magnetic  field  produces  an  elec¬ 
tric  field.  The  magnitude  of  the  electric  field  at  a 
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distance  r  from  the  centre  of  a  circular  region  of 
radius  a  where  a  time  varying  field  B  exists  is 
given  by 


E=  £- 
2  r 


dB 
d  t 


At  r  =  a,  E  =  (all)  dB/dt,  which  the  value  of  E 
at  the  edge  of  the  circular  region.  For  r  >  a,  E 
decreases  as  1/r.  Hence  the  correct  choice  is  (b). 

37.  The  induced  voltage  across  the  ends  of  the  wire  at 
an  instant  of  time  t  is  given  by 
V=  V0  sin  cot 
per  period  of  rotation.  Here 

V0  =  AB  co  and 

1  2 

A  =  —  (nr  )  is  the  area  of  the  semi¬ 
circular  coil.  Hence 

vo=  \  (n  r2  Bco ) 

Power  generated  per  period  of  rotation  if 

_  V2  _  Vq  sin2  co  t 
R~  R 

Mean  power  per  period  of  rotation  is 

V 2 

<P>  =  _2L  <  sin2  cot> 


R 


1  Kt 


1 

2R 


(  nr2  Bco 3 


2  R 

V  / 

(nr2  Bco)2 
8  R 

Hence  the  correct  choice  is  (b). 

38.  If  L  is  the  length  of  the  conductor,  it  sweeps  an  area 
A  =  nL2  in  one  rotation.  Therefore,  the  change  in 
magnetic  flux  =  BA=  B(nL2).  Now,  the  time  taken 
2n 

=  time  period  =  — .  Hence  emf  induced  is 
co 


e  = 


change  in  flux 
time  taken 


B-^nJ-BcoL2 

2  n/co  2 


=  i  X  (0.2  X  10“4)  X  5  X  (l)2 

=  5  x  io~5  V  =  50  x  io~6  V  =  50  pV 
Hence  the  correct  choice  is  (b). 


39.  We  know  that  Q  =  CV  and  Q  =  Q0  cos  cot.  Also 
0o  =  CV0. 

Q  V  6  1  n 

cos  cot  =  —  =  —  =  —  =  -  or  cot  =  —  . 

3 


0o  Vo  12  2 

Now  co  is  given  by 

1 


CO  = 


4lc 


(1) 


Given  Z  =  0.6  X  10  3  H  and  C  =  2  x  10~6  F.  Using 

105 

these  values  in  Eq.  (1)  we  get  co=  — j=  rad  s’  '. 

2V3 

dO  d 

Now  /  =  —  =  —  (Q0  cos  cot) 
dt  dt 

=  -  0o  co  sin  cot 

|/|  =  Q0  co  sin  cot  =  CV0  co  sin  cot 


=  (2  x  10~6)  x  12  x 
=  0.6  A 

Hence  the  correct  choice  is  (b) 


105  .  ( n 

- T=  sm  — 

2V3  V  3 


40.  Induced  emf  (e)= 


magnetic  field  X  change  in  area 


time 


BAA 


Since  the  circumference  of  the  circular  loop  =  2 nr, 

2nr  nr 

the  side  of  the  square  loop  =  - =  —  .  There¬ 
fore,  4  2 


AA  =  nr 


—  =m-2  (l-- 

2  l  4 


e  = 


B(n,'2)(x  n 
1  l  4 


Hence  the  correct  choice  is  (d). 

41.  Velocity  v=  \l2gh  .  Induced  emf  e  =  BIv  =  Bl  ^2gh  . 
Therefore,  the  induced  current  in  the  loop  is 


/  = 


Bl*j2gh 


R 


Force  F  =  BIl  =  B  ’ 

R 

The  loop  will  attain  terminal  velocity  if  this  force 
equals  mg,  i.e.  if 


B2l24lgh 


R 


mg 
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which  gives 


h  = 


m2  gR 2 
2B4!4 


Hence  the  correct  choice  is  (d). 

42.  Magnetic  field  due  to  the  larger  coil  at  its  centre  is 

2rl 

where  /  is  the  current  in  the  larger  coil.  Flux  through 
the  inner  coil  is 

0  =  B  x  nr\  =  x  nr\ 


2>i 


But  0  =  MI.  Therefore 


M  = 


2  r. 


Hence  the  coiTect  choice  is  (a). 

43.  The  network  PQRS  is  a  balanced  Wheatstone’s 
bridge.  Hence  the  resistance  of  3  £2  between  P  and 
R  is  ineffective.  The  net  resistance  of  the  network, 
therefore,  is  3  £2.  Total  resistance  R  =  3  Q  +  1  £2  = 
4  Q.  Now,  induced  emf  is  e  =  Blv  =  2  x  0.1  xv  = 
0.2  v. 

T  ,  ,  T  e  0.2v 

Induced  current  1  =  —  = - . 

R  4 

Given /=  1  x  10  3  A 


Hence 


lxlO->-?A 


which  gives  v  =  2  x  1 0  2  ms  1  =  2  cm  s  which  is 
choice  (b). 

44.  The  mutual  inductance  between  the  two  coils 
in  orientation  (A)  is  the  maximum  since  the 
flux  linkage  in  (A)  is  the  maximum  as  shown  in 
Fig.  25.66. 


45.  Electric  field  will  be  induced  in  both  AD  and  BC, 
since  both  are  moving  perpendicular  to  the  direction 
of  the  magnetic  field  and  the  flux  linked  with  them 
is  changing  with  time.  Hence  the  correct  choice  is 
(d). 


46.  Let  the  switch  be  closed  at  time  t  =  0.  The  current 
Ip  flowing  in  P  grows  for  a  time,  say  t(),  after  which 
it  becomes  steady.  During  this  time  the  magnetic 
field  (due  to  Ip)  (from  left  to  right)  increases  at  the 
location  of  loop  Q.  According  to  Lenz’s  law,  the 
induced  current  (Iq)\  should  be  such  that  it  tries  to 
decrease  the  magnetic  field.  Therefore,  the  mag¬ 
netic  field  due  to  this  current  must  be  from  right 
to  left.  Hence  this  induced  current  {Iq)x  should 
be  anticlockwise  (opposite  to  the  direction  of  IP). 
After  the  switch  S  is  opened,  the  current  IP  takes  a 
finite  time  to  decay  to  zero  and  the  reverse  of  the 
above  phenomenon  is  observed.  Hence  the  induced 
current  (Iq)2  should  be  clockwise.  Thus  the  correct 
choice  is  (d). 

47.  The  magnitude  of  the  induced  voltage  is  propor¬ 
tional  to  the  rate  of  change  of  magnetic  flux  which, 
in  turn,  depends  on  the  number  of  turns  in  the  coil, 
i.e.  V  oc  n.  The  resistance  of  a  wire  is  given  by 

pi  l 

R  =  — -  or  R  °c  — .  Here  p  is  the  resistivity  of  the 
nr  r 


material  of  the  wire. 

V2 

Power  P  =  —  °c 


R  Ur 


or  P 


( nr) 


1 2  _ 


Pi 


/  \2 
n2  1 

V 

2 

fV 

—  X 

X 

Ui ) 

U  j 

V2  J 

(1) 


Now,  if  a  wire  of  length  lx  and  radius  r,  is  stretched 
to  a  length  l2  such  that  its  radius  reduced  to  r2,  then 
(since  the  mass  of  the  wire  remains  constant) 

m  =n  r\  lx  d  =  n  r\  l2  d  ( d  is  the  density) 


h 

or  —  = 


'2  _ 


'  I'y  •  i  A 

Given  —  =  4  and  —  =  — .  Using  these  values, 


A,  3 


V"i  J 


.  Using  this  in  Eq.  (1),  we  get 


( r  \ 
UL 

U  > 

1 


4 


we  get 


—  =  (4)2  x  —  |  =1,  which  is  choice  (b). 


48.  Given  E  =  E0  sin  (100  t ).  Comparing  this  with 
E  =  E0  sin  cot,  we  have  co  =  100  rad  s~ 1 .  It  fol¬ 
lows  from  the  figure  that  the  current  leads  the 
e.m.f.  which  is  true  only  for  R-C  circuit,  and  not  for 
R-L  circuit.  Hence  the  circuit  does  not  contain  an 
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inductor.  Thus  choices  (c)  and  (d)  are  not  possible. 
For  R-C  circuit,  the  phase  difference  between  is  and 
/  is  given  by 

tan  <t>  =  ——  (i) 

coRC 

Given  0  =  n/4.  Also  co  =  100  rad  s_I.  Using  these 
values  in  (i),  we  get 

(n\  1  1 

tan  —  =  -  or  RC  =  - 

UJ  100i?C  100 

This  relation  between  R  and  C  is  satisfied  by  choice 
(a)  and  not  choice  (b).  Hence  the  correct  choice 
is  (a). 

49.  As  the  air  plane  is  flying  horizontally  parallel  to  the 
earth’s  surface,  the  flux  linked  with  it  will  be  due  to 
the  vertical  component  Bv  of  the  earth’s  field. 

Now 

Bv  =  Bh  tan  0=  2  x  1 0~5  x  tan  60° 

=  2  73  x  1 0  3  Wbm  2 

.•.  Induced  emf  is  \e\  =  Bv  Iv  =  2  73  x  10~5  x  20 

73 

x  250  =  — V  ,  which  is  choice  (c). 

10 

50.  The  growth  of  current  in  an  LR  circuit  is  given  by 

I  =  I0(I-e-RtlL)  (1) 

where  70  is  the  maximum  current.  The  energy  stored 
at  time  t  is 

U=  -  LI 2 
2 

We  are  required  to  find  the  time  at  which  the  en¬ 
ergy  stored  is  one-forth  the  maximum  value,  i.e. 
when 

Ur) 

U=  —  where 


\ LI20 


\(\ 


RtIL 


i.e.  -Lt=-\-LI o  or  /  -  u 

2  4  v.2  °J  2 

Using  this  in  Eq.  (1),  we  get 

f  -40 or  Ul-e 


-RtIL  1  Rf  i  ( 1 

or  e  =  —  or - =  log„  - 

2  L  e{  2 


or  t  =  —  loge(2),  which  is  choice  (b). 

R 

51.  When  capacitance  is  removed,  the  circuit  contains 
only  inductance  and  resistance.  Phase  difference  9 
between  the  current  and  voltage  is  then  given  by 


tan  0  = 


( oL 
R 


or  co  L  =  R  tan  6 
=  100  tan  60° 


When  the  circuit  contains  only  capacitance  and 
resistance,  the  phase  difference  between  the  voltage 
and  current  is  given  by 

tan  0  =  — - — 

RCm 

— —  =  R  tan  0  =  100  tan  60° 

Cco 

The  impedance  of  the  LCR  circuit  is  given  by 


Z=  AR1  +  coL 


Cco) 

=  ^R2  +  (100  tan  60° -100  tan  60°)2 
=  R=  100  O 
The  current  is  given  by 
V  200 

/  =  —  =  -  =  2  A.  Hence  the  correct  choice  is  (d). 

R  100 

52.  An  emf  is  induced  in  the  rod  because  it  cuts  through 
the  lines  of  force  of  the  magnetic  field  of  the  current 
carrying  wire.  Consider  a  small  element  of  length 
dr  of  the  rod  at  a  distance  r  from  the  wire.  The 
magnetic  field  due  to  a  current  /  in  the  wire  at  a 
distance  r  from  it  is  (Fig.  25.67) 


Fig.  25.67 
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B  = 


Bo1 
2k  r 


The  emf  induced  in  the  element  of  length  dr  is 
de  =  Bvdr  =  ^  d-L 

2  K  y 

The  emf  induced  in  the  whole  rod  is 

e  =  V°Iv  p  dr_  =  I  ]og  r  ,r2 

In  Jr, 


or 


e  = 


2; 

Boljo 

2k 


Jn  r 


log. 


(r  \ 

J2_ 

Vrl  J 


2  K 


,  which  is  choice  (b) 


1  ? 

53.  W  =  —  L  Iq  ,  where  70  =  peak  value  of  /  =  2  A.  Thus 


b  j 

:  ka  J xdx  =  — 


o 


=  —  kab~ 
2 


so  the  correct  choice  is  (c). 
Vi 


Fig.  25.68 


1  9 

W  =  -  x  2.0  x  (2)2  =  4  J 

2 

Hence  the  current  choice  is  (b). 


56.  -Z/02 
2  0 


-CV2 

2 


( v  there  is  no  loss  of  energy  due  to 


joule  heating  as  R  =  0).  Hence 


54.  e=-M— 
At 


or  M=  — 


eAI 
A I 


40.000  V  x  (10  xl0“6s) 
(-4-0) 


=  0.1  H 

The  correct  choice  is  (a). 


55.  Since  the  magnetic  field  varies  with  x,  we  find  the 
flux  by  considering  a  small  element  of  the  loop  of 
width  dx  and  length  a  at  a  distance  x  from  O,  as  shown 
in  Fig.  25.68. 

The  total  magnetic  flux  is 


b 

0=|  BdA  =  |  kx(adx) 
o 


50  x 


2x10  6 
5  x  10~3 


1  A 


which  is  choice  (a). 

57.  As  the  bar  magnet  moves  towards  the  coil,  the  in¬ 
duced  emf  e  =  -  d<j>ldt  is  negative  and  as  it  moves 
away,  the  induced  emf  is  positive.  Hence  the  cor¬ 
rect  choice  is  (b). 

58.  Since  the  magnetic  field  is  constant,  the  rate  of 
change  of  magnetic  flux  is  zero.  Hence  the  induced 
emf  and  current  are  zero.  So  the  correct  choice  is 
(d). 

59.  From  Lenz’s  law,  the  directions  of  currents  /,  and 
I2  will  be  as  shown  in  the  figure  of  Question  59.  So 
the  correct  choice  is  (d). 


0 

or  More  Choices  Correct 

(c)  A  constant  induced  emf  is  developed  in  a 
rectangular  loop  when  it  is  moved  with  a 
constant  velocity  from  a  region  of  magnetic 
field  out  into  a  field-free  region. 

(d)  A  constant  induced  emf  is  developed  in  a 
circular  loop  when  it  moved  with  a  constant 
velocity  from  a  region  of  magnetic  field  out 
into  a  field-free  region. 


Multiple  Choice  Questions  with  One 

1.  Choose  the  correct  statements  from  the  following. 

(a)  Induced  current  does  not  develop  in  a 
conductor  when  it  is  moved  in  a  direction 
parallel  to  a  magnetic  field. 

(b)  Induced  current  does  not  develop  in  a  con¬ 
ducting  loop  when  it  is  moved  in  a  direction 
perpendicular  to  an  electric  field. 
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2.  Choose  the  correct  statements  from  the  follow¬ 
ing. 

(a)  A  circuit  consisting  of  an  inductance  is  car¬ 
rying  a  current.  When  the  circuit  is  suddenly 
switched  off,  the  direction  of  the  induced 
current  will  be  the  same  as  that  of  the  main 
current. 

(b)  Sparking  is  observed  in  the  switch  when  an 
electrical  appliance  is  suddenly  switched  off 
because  the  induced  emf  suddenly  falls  to 
zero. 

(c)  A  coil  is  connected  in  series  with  a  bulb  and 
this  combination  is  connected  to  a  dc  source. 
When  an  iron  core  is  inserted  in  the  coil, 
there  will  be  no  change  in  the  brightness  of 
the  bulb. 

(d)  A  coil  is  connected  in  series  with  a  bulb  and 
this  combination  is  connected  to  an  ac  source. 
When  an  iron  core  is  inserted  in  the  coil,  the 
brightness  of  the  bulb  will  increase. 

3.  Which  of  the  following  statements  are  correct? 

(a)  A  capacitor  is  connected  in  series  with  a  bulb 
and  this  combination  is  connected  to  a  variable 
voltage  dc  source.  The  brightness  of  the  bulb 
will  increase  with  increase  in  the  voltage. 

(b)  A  capacitor  is  connected  in  series  with  a  bulb. 
When  this  combination  is  connected  to  an  ac 
source,  the  bulb  does  not  glow. 

(c)  a  variable  capacitor  is  connected  in  series 
with  a  bulb  and  this  combination  is  connected 
to  an  ac  source.  The  brightness  of  the  bulb 
is  reduced  if  the  capacitance  of  the  variable 
capacitor  is  decreased. 

(d)  In  a  series  ac  circuit,  the  applied  voltage  is 
not  equal  to  the  algebraic  sum  of  voltages 
across  the  different  elements  of  the  circuit. 

4.  Two  circuits  A  and  B  are  connected  to  identical  dc 
sources  each  of  emf  1 2  V.  Circuit  A  has  a  self  induc¬ 
tance  Lx  =  10  H  and  circuit  B  has  a  self  inductance 
L2  =  1 0  mH.  The  total  resistance  of  each  circuit  is 
48  £2.  The  ratio  of 

(a)  steady  currents  in  circuits  A  and  B  is  I . 

(b)  energy  consumed  in  circuits  A  and  B  to  build 
up  the  current  to  the  steady  value  is  1. 

(c)  energy  consumed  in  circuits  A  and  B  to  build 
up  the  current  to  the  steady  value  is  1000. 

(d)  power  dissipated  by  circuits  A  and  B  after 
the  steady  state  is  reached  is  1. 

5.  An  alternating  voltage  (in  volts)  varies  with  time  t 
(in  seconds)  as 


V  =  200  sin  (100  nt) 

(a)  The  peak  value  of  the  voltage  is  200  V. 

(b)  The  rms  value  of  the  voltage  is  220  V. 

(c)  The  rms  value  of  the  voltage  is  1 00  V 

(d)  The  frequency  of  the  voltage  is  50  Hz. 

6.  A  50  Q  electric  heater  is  connected  to  1 00  V,  60  Hz 
ac  supply. 

(a)  The  peak  value  of  the  voltage  is  100  V. 

(b)  The  peak  value  of  the  current  in  the  circuit 
is  2  yfl  A. 

(c)  The  rms  value  of  the  voltage  is  100  V. 

(d)  The  rms  value  of  the  current  is  2  A. 

7.  Figure  25.69  shows  a  series  LCR  circuit  connect¬ 
ed  to  a  variable  frequency  200  V  source.  L  =  5  H, 
C  =  80  pF  and  R  =  40  £1 

(a)  The  impedance  of  the  circuit  at  resonance  is 
40  £2. 

(b)  The  current  amplitude  at  resonance  is  5  A. 

(c)  The  rms  potential  drop  across  the  inductor  at 
resonance  is  1250  V. 

(d)  The  rms  potential  drop  across  the  resistor  at 
resonance  is  200  V. 

L  C 

i - nfwmr - 1  i - , 


Fig.  25.69 


8.  L,  C  and  R  respectively  represent  inductance, 
capacitance  and  resistance.  Which  of  the  following 
combinations  have  the  dimensions  of  frequency? 


(a) 

R 

L 

(b) 

(c) 

R 

^/Zc 

(d) 

1 

Jc 

1 

^/Zc 


Hut,  1984 

9.  The  network  shown  in  Fig.  25.70  is  part  of  a  circuit. 
The  battery  has  negligible  internal  resistance. 

/  L  =  5mH  E=  15v  R=-\Q 

A-^ — nmuw' - 1  I - WW - • B 


Fig.  25.70 

At  a  certain  instant  the  current  /  =  5A  and  is  de¬ 
creasing  at  a  rate  of  103  As-1.  At  that  instant,  the 
potential  difference 
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(a)  across  L  is  5  mV. 

(b)  across  L  is  5  V. 

(c)  between  points  A  and  B  is  15  V. 

(d)  between  points  A  and  B  is  25  V. 

<  I  IT,  1997 

10.  In  a  coil  of  self  inductance  10  mH,  the  current  /  (in 
ampere)  varies  with  time  t  (in  second)  as 

/=  2  +  8  f 

(a)  The  induced  emf  increases  with  time. 

(b)  The  induced  emf  has  a  constant  value  of 
80  mV. 

(c)  The  power  supplied  to  the  inductor  at  t  =  1  s 
is  0.8  W. 

(d)  The  power  supplied  to  the  inductor  at  t  =  2  s 
is  1.6  W. 

11.  A  uniformly  wound  solenoid  coil  of  self  inductance 
L  and  resistance  R  is  connected  a  battery  of  voltage 
V  having  negligible  internal  resistance.  The  time 
constant  for  the  current  in  the  circuit  is  z  and  the 
steady  current  through  the  battery  is  I.  The  sole¬ 
noid  coil  is  now  broken  up  into  two  indentical  coils 
which  are  connected  in  parallel  across  the  same  bat¬ 
tery.  The  time  constant  for  the  current  in  the  circuit 
is  now  t'  and  the  steady  current  through  the  battery 
is  /'.  Then 

(a)  z'  =  2  z  (b)  zf  =  z 

(c)  I' =  21  (d)  /'  =  41 

<  IIT,  1989 

12.  A  reatangular  coil  20  cm  x  10  cm  having  500  turns 
rotates  in  a  magnetic  field  of  5  x  1 0  ;  T  with  a  fre¬ 
quency  of  1200  rev/min  about  an  axis  perpendicu¬ 
lar  to  the  field. 

(a)  The  maximum  value  of  the  induced  emf  is 
2n 

—  volt. 

5 

(b)  The  instantaneous  emf  when  the  plane  of  the 
coil  is  perpendicular  to  the  field  is  zero. 

(c)  The  instantaneous  emf  when  the  plane  of  the 
coil  makes  an  angle  of  60°  with  the  field  is 
K 

—  volt. 

5 

(d)  The  instantaneous  emf  when  the  plane  of  the 
coil  makes  an  angle  of  30°  with  the  field  is 

n 

—  volt. 

10 

13.  In  a  transformer,  the  number  of  turns  in  the  primary 
and  secondary  are  400  and  200  respectively.  The 
power  input  to  the  primary  is  10  kW  at  200  V.  The 
efficiency  of  the  transformer  is  90%. 

(a)  The  output  voltage  is  100  V. 


(b)  The  output  power  is  9  kW. 

(c)  The  current  in  the  primary  is  50  A. 

(d)  The  current  in  the  secondary  is  10  A. 

14.  Which  of  the  following  fields 
cannot  possibly  have  a  field  line 
as  shown  in  Fig.  25.71 

(a)  Electrostatic  field 

(b)  Magnetostatic  field 

(c)  Gravitational  field 

(d)  Induced  electric  field  Fig.  25.71 

15.  The  resistance  of  the  armature  of  a  generator  is 
0.2  Q.  It  yields  an  emf  of  220  V  in  an  open  circuit 
and  a  potential  difference  of  2 10  V  at  full  load.  The 
current  at  full  load  is  /  and  the  power  delivered  to 
an  external  circuit  is  P.  Then 

(a)  /=  50  A  (b)  /=  100  A 

(c)  P  =  10  kW  (d)  P  =  10.5  kW 

16.  Two  parallel  wires  AXL  and  BXM  placed  at  a  dis¬ 
tance  w  are  connected  by  a  resistor  R  and  placed 
in  a  magnetic  field  B  which  is  perpendicular  to  the 
plane  containing  the  wires  (Fig.  25.72).  Another 
wire  CD  now  connects  the  two  wires  perpendicu¬ 
larly  and  made  to  slide  with  velocity  v.  Neglect  the 
resistance  of  all  wires. 

Ax  C  L 


R 


Bx  D  M 


Fig.  25.72 

Bv2 

(a)  The  magnitude  of  induced  emf  is  — —  . 

(b)  The  induced  current  is  ^WV  . 

R 

(c)  The  magnetic  force  on  wire  CD  tends  to 
move  it  away  from  resistor  R. 

(d)  The  work  done  per  second  needed  to  slide 
the  wire  CD  is  ( Bwv)2/R . 

<  IIT,  2001 


17.  An  LR  series  circuit  consists  of  inductance 

L  = - mH  and  a  resistance  R  =  1 0  Q.  A  sinusoidal 

n 

voltage  V=  V()  sin  (2nv  t)  is  applied.  It  is  given  that 
Krms  =  200  V  and  v  =  50  Hz. 

<  IIT,  2004 

(a)  The  peak  value  of  the  current  in  the  steady 
state  is  20  A. 
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(b)  The  phase  difference  between  the  current  and 
the  voltage  is  n/2. 

(c)  At  time  t  =  0,  the  current  in  the  circuit  is 

-  10V2A. 

T 

(d)  The  current  in  the  circuit  is  zero  at  t  =  — , 

5  T  8 

— , where  T  =  0.02  s.  D 
8 

18.  A  metal  rod  PQ  moves  at  a  con¬ 
stant  velocity  v  in  a  direction  per¬ 
pendicular  to  its  length.  A  constant 
uniform  magnetic  field  B  exists 
in  a  direction  perpendicular  to  the 
rod  as  well  as  its  velocity  as  shown 
in  Fig.  25.73.  Select  the  correct 
statement(s)  from  the  following. 

(a)  There  is  an  electric  field  in 
the  rod 

(b)  The  electric  potential  is  the 
same  at  every  point  on  the  rod 

(c)  There  is  no  induced  current  in  the  rod 

(d)  The  induced  current  flows  from  P  to  0. 

<  IIT,  1998 

19.  The  SI  unit  of  inductance  (which  is  henry)  can  also 
be  written  as 

(a)  weber/ampere  (b)  volt  second/ampere 

(d)  ohm  second 

Hiit,  1998 


6 


Q 

Fig.  25.73 


(c)  joule/(ampere) 


Fig.  25.74 


20.  Two  metallic  rings 
A  and  B,  identical  in 
shape  and  size  but 
having  different  re¬ 
sistivities  pA  and  pB, 
are  kept  on  top  of  two 
identical  solenoids  as 
shown  in  Fig.  25.74 
When  current  /  is  switched  on  in  both  the  sole¬ 
noids  in  identical  manner,  the  rings  A  and  B  jump 
to  heights  hA  and  hB,  respectively,  with  hA  >  hB.  The 
possible  relation(s)  between  their  resistivities  and 
their  masses  mA  and  mB  is(are) 

(a)  Pa  >  Pn  and  mA  =  mB 

(b)  Pa  <  Pn  and  mA  =  mB 

(c)  Pa  >  Pn  and  mA  >  mB 

(d)  pA  <  Pb  and  mA  <  mB 

H  IIT,  2009 

21.  A  series  R-C  circuit  is  connected  to  AC  voltage  source. 
Consider  two  cases;  (A)  when  C  is  without  a  dielec¬ 
tric  medium  and  (B)  when  C  is  filled  with  dielectric 
of  constant  4.  The  current  IR  through  the  resistor  and 
voltage  Vc  across  the  capacitor  are  compared  in  the 
two  cases.  Which  of  the  following  is/are  true? 

(a)  /£>/£  (b)  /£</£ 


(c) 


Vr  >  VrB 


(d) 


Vr  <  Vr 


IIT,  2011 


ANSWERS  AND  SOLUTIONS 

1.  Statement  (a)  is  correct.  Let  v  be  the  velocity  of 
the  conductor  in  a  magnetic  field  B.  Since  the  free 
electrons  in  the  conductor  are  moving  with  it,  the 
magnetic  force  on  these  electrons  is  F  =  e  (v  x  B). 
Since  the  conductor  is  moved  parallel  to  the  field,  v 
is  parallel  to  B  and  v  x  B  will  be  zero.  Thus  no  force 
will  be  acting  on  the  free  electrons  of  the  conductor. 
Consequently  no  induced  emf  is  developed  across 
the  ends  of  the  conductor.  Therefore,  no  current 
will  be  developed  in  a  conductor  if  it  is  moved  par¬ 
allel  to  a  magnetic  field. 

Statement  (b)  is  also  correct.  No  current  is  induced 
in  a  loop  if  it  is  moved  in  any  direction  in  an  elec¬ 
tric  field.  A  current  is  induced  only  if  magnetic  flux 
linked  with  the  coil  changes. 

Statement  (c)  is  correct  but  statement  (d)  is  incor¬ 
rect.  The  induced  emf  will  remain  constant  in  the 
case  of  the  rectangular  loop.  The  reason  is  that  the 
rate  of  change  of  area  is  constant.  But,  in  the  case 
of  the  circular  loop,  the  rate  of  change  of  area  keeps 


varying  as  the  loop  is  moving  towards  the  field-free 
region. 

2.  Statement  (a)  is  correct.  This  follows  from  Lenz’s 
law.  Statement  (b)  is  incorrect.  The  sparking  is 
caused  because  a  large  induced  emf  is  developed 
at  the  breaking  of  the  circuit.  Statement  (c)  is  cor¬ 
rect.  A  coil  offers  no  reactance  to  direct  currents, 
i.e.  inductance  plays  no  role  in  dc  circuits.  Hence 
there  will  be  no  change  in  the  brightness  of  the  bulb 
when  an  iron  core  is  inserted  in  the  coil. 

Statement  (d)  is  incorrect.  The  coil  will  offer  reac¬ 
tance  coL  to  alternating  current.  When  an  iron  core 
is  inserted  in  the  coil  the  inductance  L  increases  due 
to  increase  in  flux,  hence  the  reactance  of  the  coil  in¬ 
creases,  causing  a  decrease  in  current  in  the  circuit.  As 
a  result  the  brightness  of  the  bulb  will  be  reduced. 

3.  Statement  (a)  is  incorrect.  Since  the  capacitor 
offers  infinite  resistance  to  direct  current,  the  bulb 
will  not  glow  at  all.  Statement  (b)  is  also  incorrect. 
The  capacitor  will  offer  finite  reactance  to  altemat- 
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ing  current.  Hence  a  current  will  flow  in  the  circuit 
and  the  bulb  will  glow.  Statement  (c)  is  correct. 
The  reactance  of  a  capacitor  is  1 1(0  C.  Hence  if  C  is 
decreases,  the  reactance  will  increase  and  as  a  re¬ 
sult  the  current  is  decreased.  Hence  the  brightness 
of  the  bulb  is  reduced. 

Statement  (d)  is  also  correct,  because  the  voltag¬ 
es  across  the  different  elements  are  not  in  phase. 
Therefore,  they  cannot  be  added  algebraically;  they 
are  added  vectorially. 

4.  E=  12  V,  Lx  =  10H,I2=  10  x  10 3  H  and  f?  =  48  Q. 
Steady  state  current  is  70  =  E/R  and  is  independent  of 
the  inductance.  Hence,  the  value  of  the  steady  state 
current  is  the  same  for  both  circuits. 


7.  The  resonant  angular  frequency  is 

1 


co,.  = 


4lc 


(5.0  x  80  x  KT6)172 


=  50  rad  s 


Therefore,  the  resonant  frequency  is 


cor  50  25 

=  —  Hz 


2n  2  n  n 

The  impedance  is  given  by 


Z  = 


R-  +|  coL-  — 1 
coC  J 


il/2 


E  12 

/„  =  —  =  —  =  0.25  A 
R  48 

The  energy  consumed  by  the  circuit  to  build  up 
the  current  70  is 


For  circuit  1, 


Ex  =  \lxiI=  i  x  10  x  (0.25)2 
=  3.125  x  10_1  J 


For  circuit  2, 


E2  =  ^  L2Iq  =  ^  x  10  x  10-3  x  (0.25)2 
=  3.125  x  10~4  J 


=  1000 

E2 

Power  dissipated  at  current  70  is  l\R.  Since  70  and 
R  are  the  same  for  both  the  circuits,  they  dissipate 
the  same  power  which  is 

P  =  IqR  =  (0.25)2  x  48  =  3.0  W 
So  the  correct  choices  are  (a),  (c)  and  (d). 

5.  Comparing  the  equation  V  =  200  sin  (100  nt) 
with  V  =  V0  sin  cot,  we  find  that  V0  =  200  V  and 
at  =  1 00  n  rad  s_1  or  2  n  v  =  1 00  n  or  v  =  50  Hz. 


Also  F  =  ’}  2(.)0  -  100  V2  V. 

V2  V2 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 

6.  Frms  =  1 00  V.  Peak  value  of  voltage  =  1 00  4l  V.  Peak 

100V2 


value  of  current  = 


50 


=  V2  A. 


/  -A!,2a 
ms 

Hence  the  correct  choices  are  (b),  (c)  and  (d). 


When  co  =  cor  =  1/VZc  (i.e.  at  resonance), 
coL  =  1  IcoC,  and  therefore 
Z  =  R  =  40  £2 

Current  amplitude  at  resonance  is 

,  =  Vo  =  *0.  = 

0  Z  R  R 

.V2X200  =5VJA 

40 

The  rms  current  in  the  circuit  is 


/  =^  =  ^=5A 
rms  R  40 


.•.  The  rms  potential  drop  across  L  is 
=  7rms  x  cor  x  L  =  5  x  50  x  5 

=  1250  V=  1.25  kV 


The  rms  potential  drop  across  C  is 


=  /  V 

rms 


1 

co,.C 


=  5  x  - -  =  1.25  kV 

50x80xl0“6 

The  rms  potential  drop  across  R  is 

=  7rms  x  R  =  5  x  40  =  200  V 
Hence  the  correct  choices  are  (a),  (c)  and  (d). 

8.  The  correct  choices  are  (a),  (b)  and  (d).  The 

dimensions  of  coL  and  — —  are  the  same  as  those  of 
coC 

resistance,  where  00  =  2 nv. 

9.  Since  inside  the  cell,  the  current  is  taken  to  flow 
from  the  negative  to  the  positive  terminal,  we  have 

dl 

Va-IR  +  E-L  —  =  vb 
at 
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dl 

«r  VB-VA=— IR  +  E-L  — 

dt 

dl 

Since  /  is  decreasing  with  t,  —  is  negative 


Hence 


dt 


Vb-Va=-5x\  +  \5-{5x  1(T3)  x  (-  103) 

=  -5  +  15 +  5=  15  V 
So  the  correct  choices  are  (b)  and  (c). 

dl 

10.  \e\=L  — 

dt 

=  (10  x  1(T3)  x  —  (2  +  8r)  =  80x  l(T3  =  80mV 
dt 

Power  P  =  el=  (80  x  1(T3)  x  (2  +  8?) 

Power  at  t  =  1  s  is  (80  x  1(T3)  x  (2  +  8)  =  0.8  W 
Power  at  t  =  2  s  is  (80  x  1(T3)  x  (2  +  16)  =  1.44  W. 
So  the  correct  choices  are  (b)  and  (c). 

11.  Time  constant  t=  — .  Steady  current  /=  —  .  If  the 

R  R 

solenoid  is  broken  up  into  two  identical  parts,  the 
self  inductance  of  each  part  =  LI 2  and  resistance  of 
each  part  =  R/2.  When  the  two  parts  are  connected 
in  parallel,  the  self  inductance  and  resistance  of  the 
combination  become 

L'=  -  and  R'  =  — 

4  4 

^  L'  Li  4  L 

The  new  time  constant  t  =  —  =  -  =  —  =  T. 

R'  R/4  R 


The  steady  current 


V  4V 

r  =  —  =  —  =  4 1. 
R'  R 


So  the  correct  choices  are  (b)  and  (d). 

12.  A  =  20  cm  X  10  cm  =  200  cm2  =  200  X  10  4  m2. 

N  =  100,  B  =  5  x  10  '  T  and  frequency  v  =  - 

60 

=  20  rev/sec.  Hence  co=  2nx  20  =  40  7rrad  s_1.  The 
induced  emf  is  given  by 

e  =  e0  sin  6 

where  E0  =  NAcoB  and  9  =  angle  which  the  normal 
to  the  plane  of  the  coil  subtends  with  the  direction 
of  the  magnetic  field.  The  correct  choices  are  (a),  (b) 
and  (c). 

13.  Output  voltage  e,,  =  — x  en  =  x  200 

5  Np  p  400 

= 1000 V 

Output  power  =  90%  of  10  kW  =  9  kW 


Current  in  primary  I  = 


Input  power  _  10,000W 


200  V 
=  50  A 


Current  in  secondary  Is  = 


Output  power 


9000  W 


=  9  A 


1000  V 

Hence  the  correct  choices  are  (a),  (b)  and  (c). 

14.  The  field  line  of  an  electrostatic  field  and  of  a 
gravitational  field  cannot  originate  and  terminate 
at  the  same  point.  It  is  not  a  closed  loop.  The  line 
of  force  of  a  magnetic  field  is  a  closed  loop.  The 
induced  electric  field  is  due  to  a  magnetic  field. 
Hence  the  correct  choices  are  (a)  and  (c). 

15.  Resistance  of  armature  =  0.2  12.  Potential  differ¬ 
ence  in  open  circuit  =  220  V.  Potential  difference 
at  full  load  =  210  V.  Current  in  the  circuit  is 

220-210  _50A 
0.2 

Power  delivered  =  210  x  50  =  10.5  kW.  Hence  the 
correct  choices  are  (a)  and  (d). 

16.  When  wire  CD  is  made  to  slide  on  wires  AXL  and 
B  |  M,  the  flux  linked  with  the  circuit  changes  with 
time  and  hence  an  emf  is  induced  in  the  circuit, 
which  is  given  by 

\e\  =  ^  =  —  (BA)  =  B  — 

dt  dt  dt 

If  wire  CD  moves  a  distance  dx  is  time  dt,  then 
A  =  wdx  (here  w  =  CD)  and 

\e\  =  B  —  (wdx)  =  Bw  —  =  Bwv 
dt  dt 

The  induced  current  is 

e  _  Bwv 

R  R 

This  current  is  caused  by  the  motion  of  wire  CD. 

From  Lenz’s  law,  the  current  /  opposes  the  motion 
of  wire  CD.  Therefore,  work  has  to  be  done  to  slide 
the  wire  CD.  Now,  the  magnetic  force  on  wire  CD 
(of  length  w)  is 


F  =  BIw  =  B 


Bwv 

R 


B2  w2  v 


w  = 


R 


(1) 


Work  done  is  sliding  wire  CD  through  a  small 
distance  dx  in  time  dt  is 
dW=  Fdx 
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Therefore,  the  work  done  per  second  is 

„  dW  „  dx  „ 

P  =  -  =  F  —  =  Fv 

dt  d  t 


Using  (1),  we  get 
P  = 


B2  w2  v2 


R 

So  the  correct  choices  are  (b)  and  (d). 

17.  InductivereactanceXi=  ooL  =  2kvL 

=  2k  x  50  x  x  10-3  =  10  Q.  Therefore,  imped- 
n 

ance  is 

Z  =  (Xt  +  R2)m  =  ( 102  +  102)1/2  =  10V2  Q 
The  amplitude  of  the  current  in  the  steady  state  is 

^  =  r„,xV2  =  20Qx£_20A 
z  Z  10V2 

The  phase  difference  between  the  current  and  the 
voltage  is 

0  =  tan'1  j  =  tan1  j  =  taiT1  (1) 
which  gives  </>  =  ^ . 

In  an  LR  circuit,  the  current  lags  behind  the 
voltage  by  a  phase  angle  0.  In  the  given  circuit 
V=  V0  sin  (2/rv  t),  I0  =  20  A  and  0  =  k/4.  Hence  the 
current  /  varies  with  time  t  as 

f  K 

1=  In  sin  2 nvt - 

l  4 

r  .  f 2n t  n 
or  I  =  20  sm  I  — —  —  ]  ampere 


(1) 


where  T=  —  =  —  =  0.02  s. 
v  50 

At  t  =  0,/=20sin  =  -10V2  A. 

T  5  T 

From  Eq.  (1)  it  follows  that  /  =  0  at  t  =  — ,  — ,  •  •  • 

8  8 

etc.  Hence  the  correct  choices  are  (a),  (c)  and  (d). 
18.  From  Fleming’s  left  hand  rule,  the  free  electrons 
experience  a  force  from  Q  to  P.  As  a  result  a  current 
flows  from  P  to  Q.  Also  end  Q  acquires  a  positive 


charge  (due  to  deficiency  of  electrons)  and  end  P 
acquires  a  negative  charge  (due  to  gain  of  elec¬ 
trons).  Hence  an  electric  field  exists  in  the  rod  in 
the  direction  Q  to  P.  Thus  the  correct  choices  are 
(a)  and  (d). 

19.  From  0  =  LI,  the  SI  unit  of  L  is  weber/ampere. 

From  I  e  I  =  L  — ,  the  SI  unit  of  L  is 
1  1  dt 

volt  second/ampere. 

1  ^ 

From  U  =  —  LI2,  the  SI  unit  ofZ  is 
2 

2 

joule/(ampere) 

Since  ohm  =  volt/ampere,  volt  second/ampere  =  ohm 
second.  Hence  all  the  four  choices  are  correct. 

20.  Since  the  rings  are  identical  and  the  solenoids  are 
identical,  magnetic  field  B  =  jj(inl  and  hence  mag¬ 
netic  flux  (j)  =  B  x  A  (here  A  =  area  of  the  ring)  is 
the  same  for  both  the  rings.  Hence  the  magnitude  of 
induced  emf  (e)  is  the  same.  Since  hA>  hB,  the  force 
exerted  on  ring  A  is  greater  than  that  on  B.  Hence, 
current  induced  in  A  is  greater  than  that  in  B,  i.e. 

ia>  4  =>  =>  rb>  ra 

ka  kb 

P-A 

Now  R  =  .  Hence  pA  <  pB.  Mass  mA  can  be  less 

than,  equal  to  or  greater  than  mB.  Hence  the  correct 
choices  are  (b)  and  (d). 


21.  Case  A:  /r  =  —  = 
R  7 

A 


T/v 

VCA  =  R  - 


V 


RA  + 


-T 

VcoCJ 

V 


ojC  \J(RcoC)2 


+  1 


Case  B:  CB  =  KC  =  4 C.  Hence 


/B  = 


V 


R2  +[  1 


4mC 


/ 


R  _ 


V 


4aC  7(4 RcoCf  + 1 

From  Eqs.  (i)  to  (iv)  it  follows  that 


(i) 


(ii) 


(iii) 


(iv) 


7r  <  and  V( 


A  >  VrB 
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Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  5  are  based  on  the  following  passage 
Passage  I 

The  Alternating  Current  Genetator 
The  a.c.  generator  which  is  one  of  the  most  important 
applications  of  the  phenomenon  of  electromagnetic  induc¬ 
tion  converts  mechanical  energy  into  electrical  energy.  A 
rectangular  coil  consisting  of  a  large  number  of  turns  of 
copper  wire  wound  over  a  soft  iron  core  is  rotated  between 
the  pole  pieces  of  a  permanent  strong  magnet.  The  magnetic 
flux  through  the  coil  changes  continuously  with  time,  thus 
producing  induced  emf  given  by 

E  =  E0  sin  cot 

When  a  load  resistor  R  is  connected  across  the  terminals,  a 
current  /  flows  through  the  circuit. 


T  E  E0  . 

I  =  —  =  —  sin  cot  =  A  sin  cot 
R  R 


where  70  =  E0/R.  Such  a  current  is  called  a.c.  or  alternating 
current. 

1.  In  an  a.c.  generator,  a  coil  of  area  A  and  having  N 
turns  rotates  in  a  magnetic  field  B.  The  magnetic  flux 
through  the  coil  is 

(a)  maximum  equal  to  NAB  when  the  plane  of  the 
coil  is  perpendicular  to  the  magnetic  field. 

(b)  zero  when  the  plane  of  the  coil  is  parallel  to  the 
field. 

(c)  —  NAB  when  the  plane  of  the  coil  makes  an 
angle  of  60°  with  the  field. 

(d)  NAB  when  the  plane  of  the  coil  makes  an 
angle  of  30°  with  the  field. 

2.  In  an  a.c.  generator,  initially  (i.e.  at  t  =  0)  the  plane 
of  the  coil  is  normal  to  the  magnetic  field.  Which 
graph  shown  in  Fig.  25.75  represents  the  variation 
of  induced  emf  E  with  time  Cl 

3.  In  an  a.c.  generator,  the  peak  value  of  the  induced 
emf  depends  upon  the 


SOLUTION 


1.  The  correct  choices  are  (a),  (b)  and  (c).  The 
magnetic  flux  is  given  by 


(a)  frequency  of  rotation  of  the  coil 

(b)  area  of  the  coil 

(c)  number  of  turns  in  the  coil 

(d)  strength  of  the  magnetic  field. 


Fig.  25.75 

4.  In  an  a.c.  generator 

(a)  the  coil  is  wound  over  a  soft  iron  core  in  order 
to  increase  the  flux. 

(b)  an  electromagnet  fed  with  an  alternating  current 
is  used. 

(c)  the  output  is  always  taken  across  a  load  resistor. 

(d)  the  mechanical  energy  of  the  rotating  coil  is 
converted  into  electrical  energy. 

5.  The  emf  of  an  a.c.  generator  is  given  by 


£=100  sin  |l00;rf  + jJ 

where  E  is  in  volts  and  t  in  seconds. 

(a)  The  peak  value  of  the  emf  is  100  volts. 

(b)  The  frequecy  of  rotation  of  the  armature  is 
50  Hz. 

(c)  At  start  (i.e.  at  t  =  0),  the  plane  of  the  armature 
makes  an  angle  of  60°  with  the  magnetic  field. 

(d)  At  start,  the  plane  of  the  coil  is  perpendicular 
to  the  field. 


0  =  NAB  cos  0 

where  0  is  the  angle  which  the  normal  to  the  plane 
of  the  coil  subtends  with  the  magnetic  field. 
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2.  When  0=0,  i.e.  when  the  plane  of  the  coil  is 
perpendicular  to  the  magnetic  field,  the  flux  is 
maximum  but  induced  emf  E  =  0.  Since  0  =  cot, 
E  =  0  at  t  =  0.  Hence  the  correct  graph  is  (c). 

3.  All  four  choices  are  correct. 

4.  The  correct  choices  are  (a),  (c)  and  (d).  A  permanent 
magnet  is  used. 

5.  Comparing  the  given  expression  with 


E  =  E0  sin  ( cot  +  0) 

We  find  that,  peak  value  of  E  =  E0=  100  volts.  The 
angular  frequency  co  =  100  n  or  2nv  =  1 00 7T  or 

V  =  50  Hz.  At  t  =  0,  E  =  E0  sin  ^ y  j ,  i.e.  0  =  y  = 

60°,  i.e.  the  normal  to  the  plane  of  the  armature  makes 
an  angle  of  60°  with  the  magnetic  field.  Hence  the 
correct  choice  is  (b). 


Questions  6  to  8  are  based  on  the  following  passage 
Passage  II 

Two  long  parallel  horizontal  rails,  distance  d  apart  and 
each  having  a  resistance  X  per  unit  length,  are  joined  at 
one  end  by  a  resistance  R.  A  perfectly  conducting  rod  MN 
of  mass  »7  is  free  to  slide  along  the  rails  without  friction 
(see  Fig.  25.76).  There  is  a  uniform  magnetic  field  of 
induction  B  normal  to  the  plane  of  the  paper  and  directed 
into  the  paper.  A  variable  force  F  is  applied  to  the  rod 
MN  such  that  as  the  rod  moves,  constant  current  flows 
through  R. 


Fig.  25.76 


I  IT,  1988 


SOLUTION 


6.  The  magnitude  of  the  emf  induced  in  the  loop  is 


(a)  Bvd 
(c)  Bvd 


2Xx 

R 


(c) 


R 

2  Bvd 


(a) 


(b) 


(c) 


(d) 


B2d2 

2Xm 


1  +  - 


B2d2 

R 


B2d2 

2  X  777 


B2d2 

2  X  777 


1- 


R 

R 

2Xx 


log,  1- 


log,  1  + 


(b)  Bvd 


R 

2Xx 


(d)  —  Bvd 
2 


7.  The  current  in  the  loop  is 

.  Bvd 

(a) 


(R  +  2Xx) 

8.  The  velocity  of  the  rod  is 

2  Ax' 


(b) 

(d) 


Bvd 

2Xx 

Bvd 

(R + 2Xx) 


R  ^ 


2Xx  J 

2Xx 

R 


6.  Let  the  distance  from  R  to  MN  hex.  Then  the  area  of 
the  loop  between  MN  and  R  is  xd  and  the  magnetic 
flux  linked  with  the  loop  is  Bxd.  As  the  rod  moves, 
the  emf  induced  in  the  loop  is  given  by 


F  =  IBd  = 


B2d2v 
R  +  2Xx 


dv  B2d2  dx 

777  -  = - 


|  e\  =  —  ( Bxd)  =  Bd  —  =  Bvd 
dt  dt 

where  v  =  velocity  of  MN. 

So  the  correct  choice  is  (c). 

7.  The  total  resistance  of  the  loop  between  R  and  MN 
is  R  +  2  Xx.  The  current  in  the  loop  is  given  by 

\e\  _  Bvd 

R  +  2Xx  R  +  2Xx 
The  correct  choice  is  (d). 

8.  Force  acting  on  the  rod, _ 


dt  R+2Xx  dt 


or 


dv  = 


B2d2 


x 


dx 


777  ( R  +  2Ax) 

Integrating,  we  have 

dx 


\dv 


B2d2  r 


m 


B2d2 


or 


v  = 


2h 


l  (R  +  2Ax) 

.  (R  +  2Xx 
log' 


Hence  the  correct  choice  is  (d). 
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Questions  9  to  11  are  based  on  the  following  passage 
Passage  III 

A  pair  of  parallel  horizontal  conducting  rails  of  negligible 
resistance  shorted  at  one  end  is  fixed  on  a  table.  The 
distance  between  the  rails  is  L.  A  conducting  massless  rod 
of  resistance  R  can  slide  on  the  rails  without  friction.  The 
rod  is  tied  to  a  massless  string  which  passes  over  a  pulley 
fixed  to  the  edge  of  the  table.  A  mass  m,  tied  to  the  other 
end  of  the  string,  hangs  vertically.  A  constant  magnetic 
field  B  exists  perpendicular  to  the  table.  The  system  is 
released  from  rest.  (Fig.  25.77) 

<  IIT,  1997 


SOLUTION 


9.  Refer  to  Fig.  25.78.  Let  v  be  the  velocity  of  the  rod 
along  the  positive  x-direction  at  an  instant  of  time 
and  let  the  magnetic  field  B  act  perpendicular  to 
the  table  along  the  positive  y-dircction.  The  emf 
induced  in  the  rod  is  e  =  BLv.  Therefore,  the 
induced  current  is 

'  BLV  (1) 


/  =  -  = 
R 


R 


The  rod  of  length  L  carrying  a  current  /  in  magnetic 
field  will  experience  a  force 

F  =  BIL  (2) 


Fig.  25.78 


9.  The  acceleration  of  the  mass  m  moving  in  the 
downward  direction  is 


(a)  g 


(b) 


B2L2y 

mR 


(c) 


g- 


B1  l}y'' 
mR 


(d) 


‘  B2L2v 
8+  mR 


10.  The  terminal  velocity  acquired  by  the  rod  is 


x 


(a)  g 

(b)  4gR 

(c)  ^ 

BL 

11.  The  acceleration  of  mass  m  when  the  velocity  of  the 
rod  is  half  the  terminal  velocity  is 


(a)  g 

(b) 

(c)  * 

3 

(d) 

g 

2 

g 

4 


along  the  negative  x-direction.  Since  the  rod  is 
massless,  this  force  will  also  be  equal  to  the  tension 
T  in  the  string  acting  along  the  positive  x-direction, 
i.e.  T  =  F  =  BIL. 

Let  a  be  the  acceleration  of  mass  m  moving  in  the 
downward  direction,  then 


ma  =  net  force  acting  on  m  =  mg  -  T  =  mg  -  F 
F 

or  a  =  g -  (3) 

m 

Using  (1)  and  (2)  in  (3),  we  have 


BIL 

a  =g - =g- 

m 


BxBL2y 

mR 


g 


B2L2y 

mR 


(4) 


So  the  correct  choice  is  (c). 

10.  The  rod  will  acquire  terminal  velocity  vt  when 
u  =  0.  Putting  u  =  0  and  v  =  v ,  in  Eq.  (4)  we  have 


0  =  g- 


B2L2y, 

mR 


or  v,  = 


mgR 
B2L 2 


The  correct  choice  is  (d). 

11.  When  the  velocity  of  the  rod  is  half  the  terminal 
velocity,  i.e.  when 
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v  =  —  = 


2  2  B2L2 


then  from  Eq.  (4),  we  have 


B2L2v,/  2 


a  =  § 


Questions  12  to  15  are  based  on  the  following  passage 
Passage  IV 

An  infinitesimally  small  bar  magnet  of  dipole  moment  M 
is  pointing  and  moving  with  a  speed  v  in  the  x-direction. 
A  small  closed  circular  conducting  loop  of  radius  a  and 
negligible  self  inductance  lies  in  the  y-z  plane  with  its 
centre  at  x  =  0,  and  its  axis  coinciding  with  the  x-axis. 

<  IIT,  1998 

12.  The  magnitude  of  magnetic  field  at  a  distance  x  on 
the  axis  of  the  short  bar  manget  is 

(a)  (b)  *4 

2nx  2nx 


(0  *4 

2  nx2 


w)  *4 

2  nx 


13.  If  x  =  2  a,  the  magnetic  flux  through  the  loop  is 


SOLUTION 


=s-  —  x  ^  =  ?_£  =  £ 
8  2m R  B2L2  8  2  2 


Thus  the  correct  choice  is  (b). 


(a)  /J,0M 


14.  If  x  =  2  a,  the  emf  induced  in  the  loop  is 


(a)  ^ 


CO 


<b) 

(d)  AUsMl. 

16  a1 


15.  If  x  =  2  a,  the  magnetic  moment  of  the  loop  is 


3  k^qMv 


nfi^Mv 


3  n  /J,0Mv 


3n  /IqMv 


12.  Refer  to  Fig.  25.79.  The  magnetic  field  at  a 
distance  x  on  the  axis  of  a  magnet  of  length  21 
and  dipole  moment  M  is  given  by 

B  =  Mo.  Mx 

2n  (x2-l2)2 
Since  x  »  /,  we  have 

B  = 

2  nx2 


Magnet 

1 

\NS 1— 


Fig.  25.79 

So  the  correct  choice  is  (c). 

13.  Due  to  B,  the  flux  through  the  loop  is 

(/>  =  BA  =  B(na2)  =^xna2= 

2  nx2  2x3 


Ifx  =  2  a,  we  find  that  the  correct  choice  is  (d). 

14.  Induced  emf  in  the  loop  is 

dx  d(j)  d(f> 


dt  dt  dx  dx 


Bq  Ma2  v  d  f  1  3  3  BoMc,2v 


dx  Vx3 


„  3un  Mv  ,  .  ,  . 

Putting  x  =  2  a,  we  get  e  = - —  ,  which  is 

choice  (b).  22  a 

15.  Induced  current  in  the  loop  is 

_  e  _  3  /i0Mc72zi 
”  R~  2  x4R 

Magnetic  moment  of  the  loop  is 

Mq  =  I  x  area  enclosed  by  the  loop  =  l{na 2) 

3; t  BoMq4v 
~  ~2  x4R 

Putting  x  =  2  a,  we  find  that  the  correct  choice  is  (a). 
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Questions  16  to  19  are  based  on  the  following  passage 
Passage  V 

Two  co-axial  circular  coils  of  radii  R  and  r  =  R/l  00  are 
separated  by  a  distance  x=  VJ  R  and  carry  currents  Ix  = 
21  and  /2  =  /  respectively. 

16.  The  magnetic  field  at  the  centre  of  the  smaller  loop 
due  to  current  Ix  =  2  /  in  the  bigger  loop  is 


(b) 

Ho1 

R 

4  R 

(d) 

Bo1 

8  R 

3  R 

17.  The  magnetic  flux  (</>)  linked  with  the  smaller  loop 
is 

SOLUTION 


(a)  ^“xlO-5 

4 

(b)  n  Bo  IR  x  10  5 

(c)  ^“xio-5 

4 

(d) 

2 

The  mutual  inductance  of  the  pair  of  coils  is 

(a,f 

(b)  T 

(c)  ± 

2/ 

(d)  zero 

If  M  and  m  are  the  magnetic  moments  of  the  bigger 
and  smaller  loops  respectively,  then  the  ratio  Mlm 

is 

(a)  104 

(b)  2  x  104 

(c)  102 

(d)  2  x  102 

16. 


17. 


The  magnetic  field  at  the  centre  of  the  smaller  loop 
due  to  current  I \  in  the  bigger  loop  is  given  by  (see 
Fig.  25.80). 


2  (R2  +  x2f2 

Putting  /,  =  2  /  and  x=  v/3  R,  we  find  that 


18. 


19. 


B  =  — — ,  which  is  choice  (c). 

8  R 

Since  r  is  very  small  compared  to  x,  the  magnetic 
field  over  the  entire  area  enclosed  by  the  smaller 
loop  may  be  treated  to  be  uniform  and  equal  to  B. 
Therefore,  the  magnetic  flux  linked  with  the  smaller 
loop  is 


(j)  =  B  x  area  enclosed  by  the  smaller  loop 
=  Bxnr 


=  Bxn 


H0I  R2  5nfi0IR  5 

=  t-^—xnx — -=  — — — xlO 
M  104  4 

So  the  correct  choice  is  (a). 

The  mutual  inductance  of  the  pair  of  loops  is 

M=  —  which  is  choice  (a). 

I 2  I 

A  current  carrying  loop  is  a  magnetic  dipole  whose 
magnetic  moment  =  current  x  area  of  the  loop. 
Therefore, 

M=IxnR2  =  2nIR2  (v/,=27) 


and  m  =  I2  nr2  =  I  n  ■ 
Hence  the  correct  choice  is 


R 

100, 

(b). 


2 


nIR 2 
104 


Questions  20  to  22  are  based  on  the  following  passage 
Passage  VI 

An  LCR  series  circuit  with  100  £2  resistance  is  connected 
to  an  a.c.  source  of  200  V  and  angular  frequency  300  rad / 
sec.  When  only  the  capacitance  is  removed,  the  current 
leads  the  voltage  by  60°.  When  only  the  inductance  is 
removed,  the  current  leads  the  voltage  by  60°. 

<  IIT,  1990 


The  impedance  of  the  LCR  circuit  is 

(a)  100  £2 

(b)  100  V2 

(c)  200  £2 

(b)  200  v/2 

The  current  in  the  circuit  is 

(a)  V2  A 

(b)  2  A 

(c)  2V2  A 

(d)  1  A 

The  power  dissipated  in  the  circuit  is 

(a)  200  W 

(b)  400  W 

(c)  800  W 

(d)  100  W 
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SOLUTION 


20.  When  capacitance  is  removed,  the  circuit  contains 
only  inductance  and  resistance.  Phase  difference  9 
between  the  current  and  voltage  is  then  given  by 

tan  6  =  or  coL  =  R  tan  9 

R  =100  tan  60° 


coCJ 

=  yjR2  +(100  tan  60° -100  tan60°)2 
=  R  =  100  Q,  which  is  choice  (a). 


When  the  circuit  contains  only  capacitance  and  re¬ 
sistance,  the  phase  difference  between  the  voltage 
and  current  is  given  by 

tan  0  =  — - — 

RCco 

-  =  R  tan  0=1 00  tan  60° 

Cm 

The  impedance  of  the  LCR  circuit  is  given  by 


21.  The  current  is  given  by 

R  100 

The  correct  choice  is  (b). 

22.  The  power  dissipated  in  the  circuit  is 
P  =  I2R  =  4  x  100  =  400  W 

So  the  correct  choice  is  (b). 


Questions  23  to  26  are  based  on  the  following  passage. 


Passage  VII 

A  light  horizontal  rod  is  held  horizontally  by  two  light 
inextensible  strings  as  shown  in  Fig.  25.81.  A  wheel  of 
radius  R  having  charge  O  distributed  uniformly  on  its  rim 
is  free  to  rotate  about  the  rod.  A  uniform  magnetic  field  B 
is  applied  as  shown  in  Fig.  25.81.  The  angular  frequency 
of  the  wheel  is  m. 


<  IIT,  2003 


y 


B 


X 


m 


SOLUTION 


Fig.  25.81 


23.  The  magnitude  of  the  magnetic  moment  of  the 
wheel  is 


(a)  QR2co 


(b) 


QR2m 

V2 


(d)  2 QR2m 


24.  The  direction  of  the  magnetic  moment  is  along 

(a)  the  positive  x-axis 

(b)  the  negative  x-axis 

(c)  the  positive  y-axis 

(d)  the  negative  y-axis. 

25.  The  magnitude  of  the  torque  produced  is 

(a)  |  (QR2mB)  (b)  ±  ( QRLmB ) 

(c)  QICmB  (d)  BRLcoB 

26.  The  direction  of  the  torque  is  along 

(a)  the  positive  x-axis 

(b)  the  positive  y-axis 

(c)  the  positive  z-axis 

(d)  the  negative  z-axis. 


23.  If  T  is  the  time  period  of  rotation  of  the  wheel,  the 
current  due  to  the  rotation  of  the  charge  is 

/=  Q  _Q<° 

T  In 

The  magnitude  of  the  magnetic  moment  of  the  wheel  is 

m=Ix  nR2=  —  nR1  =  -  {QR2m) 

2  n  2  ^ 

So  the  correct  choice  is  (c). 

24.  The  direction  of  the  magnitude  moment  vector 
m  is  perpendicular  to  the  plane  of  the  wheel  and 


since  the  current  is  anticlockwise,  from  the  screw 
rule,  the  direction  of  m  is  along  the  positive  x-axis, 
which  is  choice  (a) 

-»  A  A 

25.  Torque  T  =  m  x  B  =  mi  X  B  j 

A 

=  m  B  k 

=  l  (j BQRrm )  k 

So  the  correct  choice  is  (a). 

26.  The  correct  choice  is  (c). 
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Questions  27  to  29  are  based  on  the  following  passage 
Passage  VIII 

An  LCR  circuit  consists  of  an  inductor,  a  capacitor  and  a 
resistor  driven  by  a  battery  and  connected  by  two  switches 
and  S2  as  shown  in  Fig.  25.82. 

<  IIT,  2006 


V 


Fig.  25.82 

27.  At  time  t  =  0  switch  is  closed  and  S2  is  left  open. 
The  maximum  charge  the  capacitor  plate  can  hold 
is  q0  and  z  is  the  time  constant  of  the  RC  circuit. 
Then 

(a)  at  time  t  =  z,  the  charge  on  the  capacitor 
plates  is  q  =  qj 2. 

(b)  at  t  *2z,  q  =  q0  (1  -  A2) 

(c)  at  t  =  2z,  q  =  q0  (1  -  e  ') 

(d)  work  done  by  the  battery  is  half  the  energy 
dissipated  in  the  resistor. 

28.  At  time  t  =  0  when  the  charge  on  the  capacitor 
plates  is  q,  switch  S,  is  opened  and  S2  is  closed. 


The  maximum  charge  the  capacitor  can  hold  is  q0. 
Choose  the  correct  statement  from  the  following. 


(a)  q  =  q0  cos 

(b)  q  =  c/0  cos 


l  t  n 
ULC  +  2 


4lc 


d2q 

(c)  q  =  —  LC  —~y 
dt 


(d)  q 


1  d2q 

■JlC  dt 2 


29.  At  an  instant  of  time  t  =  0  when  the  capacitor  has 
been  charged  to  a  voltage  V,  switch  Sj  is  opened 
and  S2  is  closed.  Then 

(a)  at  t  =  0,  the  energy  is  stored  in  the  magnetic 
field  of  the  inductor. 

(b)  at  t  >  0,  there  is  no  exchange  of  energy  be¬ 
tween  the  capacitor  and  the  inductor. 

(c)  at  t  >  0,  the  current  in  the  circuit  flows  only 
in  one  direction. 

(d)  the  maximum  value  of  the  current  in  the 


circuit  is 


SOLUTION 


27.  In  an  RC  circuit,  the  charge  on  the  capacitor  plates 
at  a  time  t  is  given  by 

q=  q0  (l  -  e~l,T) 

where  z  =  RC  is  the  time  constant.  At  t  =  2z,  we 
have 

q  =  q0(  1  -  e-2,h)  =  q0(  1  -  A2) 

Hence  the  correct  choice  is  (b). 

28.  When  S2  is  closed  and  S!  is  open,  the  charge 
oscillates  in  the  LC  circuit  at  an  angular  frequency 
given  by 

1 

(1) 


co  = 


4lc 


Now  q  ^  0  at  t  =  0.  Hence  choices  (a)  and  (b)  are 
wrong.  The  charge  q  varies  with  time  t  as 

q  =  q0cos(cot  +  0)  (2) 

where  0  is  not  equal  to  n! 2.  Differentiating  Eq.  (2) 
twice  with  respect  to  t,  we  get 

d2q  2  i 

— f-  =  -  co  q o  cos(  cot  +</>)=-  ofq 
dt 


1  d2q  d2q 

C1  =  ~  77^  =~LC  [use  Eq.  (1)] 

ft)  dt  dt 

Hence  the  correct  choice  is  (c). 

29.  At  t  =  0,  the  energy  is  stored  in  the  electric  field 

in  the  space  between  the  capacitor  plates.  As  time 

passes  (i.e.  at  t  >  0),  there  is  an  exchange  of  energy 

between  the  capacitor  and  the  inductor.  The  charge 

q  varies  with  time  t  as 

q  =  q n  cos  cot,  where  co  =  . - 

4lc 

The  current  in  the  circuit  is  given  by 
r  dq  d 

I  =  —  =  —  (q o  cos  cot)  =  -  coq0 sm  cot 
dt  dt 

which  is  alternating  and  not  unidirectional.  The 
maximum  value  of  current  is 

Anax —  x  ("•  qo~ CJ  ) 

Hence  the  correct  choice  is  (d). 
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Questions  30  to  32  are  based  on  the  following  passage 
Passage  IX 

MAGLEV  Train 

The  MAGLEV  train  was  developed  by  Japanese  engineers.  It 
is  based  on  the  phenomenon  of  electromagnetic  induction. 
The  word  MAGLEV  stands  for  Magnetic  Lavitation.  The 
train  moves  without  any  contact  with  the  track;  it  remains 
suspended  in  air  slightly  above  the  track.  Consequently, 
the  power  loss  due  to  friction  is  considerably  reduced.  In  a 
MAGLEV  train,  a  coil  is  attached  to  the  railway  track  and 
an  electromagnet  is  fixed  on  the  base  of  the  train.  When 
the  train  moves,  the  magnetic  flux  in  the  coil  changes. 
From  Lenz’s  law,  the  train  is  repelled  by  the  track,  thus 
lifting  it  above  the  track.  Hence  there  is  no  power  loss 
due  to  friction  with  the  track.  A  disadvantage  is  that  the 
induced  circulating  currents  in  the  coil  exert  on  opposing 
force  on  the  train.  As  a  result  the  train  slows  down  and 
significant  power  is  needed  to  propel  the  train  against  this 
force. 

<  IIT,  2006 

SOLUTION 

30.  The  correct  choice  is  (b). 

31.  The  correct  choice  is  (c). 


30.  The  MAGLEV  train  is  lifted  above  the  track  due 
to 

(a)  electrostatic  repulsion 

(b)  magnetic  repulsion 

(c)  induced  electric  field 

(d)  time  varying  electric  field 

31.  The  advantage  of  MAGLEV  train  is  that 

(a)  no  power  is  required  to  propel  the  train 

(b)  no  power  is  required  to  overcome  gravity 

(c)  no  power  is  dissipated  due  to  friction 
between  the  train  and  the  track 

(d)  the  electrostatic  forces  moves  the  train. 

32.  The  disadvantage  of  MAGLEV  train  is  that 

(a)  the  train  cannot  overcome  gravity 

(b)  the  train  is  repelled  by  the  track  and  hence 
becomes  unstable 

(c)  the  magnetic  force  tends  to  bring  down  the 
train 

(d)  the  induced  currents  in  the  coil  exert  a  back¬ 
ward  force  on  the  train  due  to  Lenz's  law. 


32.  The  correct  choice  is  (d). 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  statement-2  (Reason).  Each  question  has  the 
following  four  options  out  of  which  only  one  option  is 
correct. 

(a)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  NOT  a  correct  explanation  for  State¬ 
ment-  1 . 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement-1 

No  induced  emf  is  developed  across  the  ends  of  a 
conductor  if  it  is  moved  parallel  to  a  magnetic  field. 

Statement-2 

No  force  acts  on  the  free  electrons  of  the  conduc¬ 
tor. 


2.  Statement-1 

No  current  is  induced  in  a  metal  loop  if  it  is  rotated 
in  an  electric  field. 

Statement-2 

The  electric  flux  through  the  loop  does  not  change 
with  time. 

3.  Statement-1 

A  rectangular  loop  and  a  circular  loop  are  moved 
with  a  constant  velocity  from  a  region  of  magnetic 
field  out  into  a  field-free  region.  The  field  is  normal 
to  the  loops.  Then  a  constant  emf  will  be  induced 
in  the  circular  loop  and  a  time-varying  emf  will  be 
induced  in  the  rectangular  loop. 

Statement-2 

The  induced  emf  is  constant  if  the  magnetic  flux 
changes  at  a  constant  rate. 
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4.  Statement-1 

A  magnetised  iron  bar  is  dropped  vertically  through 
a  hollow  region  of  a  thick  cylindrical  shell  made  of 
copper.  The  bar  will  fall  with  an  acceleration  less 
than  g,  the  acceleration  due  to  gravity. 

Statement-2 

The  emf  induced  in  the  bar  causes  a  retarding  force 
to  act  on  the  falling  bar. 

5.  Statement-1 

A  coil  is  connected  in  series  with  a  bulb  and  this 
combination  is  connected  to  a  d.c.  source.  If  an 
iron  core  is  inserted  in  the  coil,  the  brightness  of 
the  bulb  will  increase. 

Statement-2 

The  reactance  offered  by  the  coil  to  d.c.  current  is  zero. 

6.  Statement-1 

A  coil  is  connected  in  series  with  a  bulb  and  this 
combination  is  connected  to  an  a.c.  source.  If  an 
iron  core  is  inserted  in  the  coil,  the  brightness  of 
the  bulb  will  be  reduced. 

Statement-2 

When  an  iron  core  is  inserted  in  the  coil,  its  induc¬ 
tance  decreases. 

<  I  IT,  1997 

7.  Statement-1 

A  variable  capacitor  is  connected  in  series  with  a 
bulb  and  this  combination  is  connected  to  an  a.c. 
source.  If  the  capacitance  of  the  variable  capacitor 
is  decreased,  the  brightness  of  the  bulb  is  reduced. 

Statement-2 

The  reactance  of  the  capacitor  increases  if  the 
capacitance  is  reduced. 

8.  Statement-1 

If  the  current  in  a  straight  conductor  increases  from 
A  to  B,  the  direction  of  the  current  induced  in  the 
coil  will  be  anticlockwise.  (Fig.  25.83) 


Fig.  25.83 

Statement-2 

According  to  Lenz’s  law,  the  direction  of  the 
induced  current  is  such  that  it  opposes  the  change 
which  produces  it. 

<  II T,  1979 


9.  Statement-1 

An  emf  can  be  induced  between  the  two  ends  of  a 
straight  copper  wire  when  it  moved  through  a  uni¬ 
form  magnetic  field. 

Statement-2 

As  the  straight  wire  moves  through  the  magnetic 
field,  the  magnetic  flux  through  the  wire  changes. 

HlIT,  1980 

10.  Statement-1 

Three  identical  coils  A,  B  and  C  are  placed  with 
their  planes  parallel  to  one  another.  Coils  A  and  C 
carry  equal  currents  as  shown  in  Fig.  25.84  If  coil 
A  is  moved  towards  B,  with  coils  B  and  C  fixed  in 
position,  the  induced  current  in  B  will  be  in  the 
anticlockwise  direction. 

Induced 


ABC 

Fig.  25.84 


Statement-2 

The  direction  of  the  induced  current  is  given  by 
Lenz’s  law. 

B  ITT,  1982 

11.  Statement-1 

A  coil  of  metal  wire  is  kept  stationary  in  a  non-uni¬ 
form  magnetic  field.  An  emf  is  induced  in  the  coil. 

Statement-2 

Whenever  the  magnetic  flux  through  a  metal  coil 
changes,  an  emf  is  induced  in  it. 

But,  1986 

12.  Statement-1 

If  a  conducting  rod  AB  moves  parallel  to  the  x- 
axis  in  a  uniform  magnetic  field  B  pointing  in  the 


Fig.  25.85 
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positive  z-direction  as  shown  in  Fig.  25.85,  the  end 
A  of  the  rod  gets  positively  charged. 

Statement-2 

The  free  electrons  in  the  rod  experience  a  force  in 
positive  y-direction  and  move  from  A  to  B. 

<  IIT,  1987 

13.  Statement-1 

A  magnetized  iron  bar  is  dropped  vertically  through 
a  hollow  region  of  a  thick  cylindrical  shell  made  of 
copper.  The  bar  will  fall  with  an  acceleration  less 
than  g,  the  acceleration  due  to  gravity. 

Statement-2 

The  emf  induced  in  the  bar  causes  a  retarding  force 
to  act  on  the  falling  bar. 

<  IIT,  1991 

SOLUTIONS 


14.  Statement-1 

A  vertical  iron  rod  has  a  coil 
of  wire  wound  over  it  at  the 
bottom  end.  An  alternating 
current  flows  in  the  coil.  The 
rod  goes  through  a  conduct¬ 
ing  ring  as  shown  in  Fig. 
25.86.  The  ring  can  float  at  a 
certain  height  above  the  coil. 
Statement-2 


In  the  above  situation,  a  cur-  pjg  25.86 
rent  is  induced  in  the  ring 
which  interacts  with  the  horizontal  component  of 
the  magnetic  field  to  produce  an  average  force  in 
the  upward  direction. 

|  IIT,  2007 


1.  The  correct  choice  is  (a).  Let  v  be  the  velocity 
of  the  conductor  in  a  magnetic  field  B  .  Since  the 
free  electrons  in  the  conductor  are  moving  with  it, 
force  F  =  e  (v  =  B)  is  zero  because  v  is  parallel 
to  B  .  Consequently,  no  induced  emf  is  developed 
between  the  ends  of  the  conductor. 

2.  The  correct  choice  is  (b).  A  current  is  induced  in 
a  loop  only  if  magnetic  flux  linked  with  the  coil 
changes. 

3.  The  correct  choice  is  (d).  The  induced  emf  is  con¬ 
stant  in  the  case  of  rectangular  coil  because  the  rate 
of  change  of  area  is  constant.  But  in  the  case  of  the 
circular  coil,  the  rate  of  change  of  area  (and  hence 
the  rate  of  change  of  magnetic  flux)  keeps  vary¬ 
ing  as  the  loop  is  moving  towards  the  field-free 
region. 

4.  The  correct  choice  is  (a).  The  retarding  force  is 
caused  by  the  eddy  currents  and  according  to  Lenz’s 
law,  the  induced  emf  must  oppose  the  cause.  The 
cause  is  the  falling  bar. 

5.  The  correct  choice  is  (d).  A  coil  offers  no  reactance 
to  d.c.  currents.  Flence  there  will  be  no  change  in 
the  brightness  of  the  bulb  when  an  iron  core  is 
inserted  in  the  coil. 

6.  The  correct  choice  is  (c).  If  an  iron  core  is  inserted 
in  the  coil,  its  inductance  L  increases.  Hence  its 
reactance  coL  increases,  causing  a  decrease  in  the 
current  in  the  circuit.  As  a  result,  the  brightness  of 
the  bulb  will  reduce. 

7.  The  correct  choice  is  (a).  The  reactance  of  a 
capacitor  is  1/coC.  Hence  if  C  is  decreased,  the 
reactance  will  increase  and  as  a  result  the  current 
in  the  circuit  is  decreased  causing  a  decrease  in  the 
brightness  of  the  bulb. 


8.  Statement-2  is  correct.  According  to  Lenz’s  law,  the 
induced  current  in  the  coil  should  be  clockwise.  So 
Statement- 1  is  false  and  Statement-2  is  true. 

9.  Statement- 1  is  true  but  Statement-2  is  false.  When 
the  wire  is  moved  through  a  magnetic  field,  the  free 
electrons  experience  a  force  which  causes  them  to 
move  from  one  end  of  wire  to  the  other.  The  end 
where  the  electrons  pile  up  acquires  a  negative 
charge  and  the  other  end  acquires  an  equal  positive 
charge.  This  causes  an  induced  emf  between  the 
ends  of  the  wire.  If  the  wire  is  connected  to  a  closed 
circuit,  an  induced  current  will  flow  in  the  circuit. 

10.  Since  coil  C  is  not  moved  relative  to  coil  B,  the  cur¬ 
rent  in  C  does  not  produced  any  induced  current  in 
B.  When  coil  A  is  moved  towards  B,  then  according 
to  Lenz’s  law,  the  current  in  B  will  be  anticlock¬ 
wise.  Hence  both  the  statements  are  true  and  State¬ 
ment  B  is  the  correct  explanation  for  Statement- 1 . 

11.  There  is  no  change  in  magnetic  flux  if  the  coil  is 
kept  stationary  even  if  the  magnetic  field  is  non- 
uniform.  Hence  no  emf  is  induced  in  the  coil.  State¬ 
ment- 1  is  false  and  Statement-2  is  true. 

12.  Both  statements  are  true  and  Statement-2  is  the  cor¬ 
rect  explanation  for  Statement- 1. 

13.  Both  statements  are  true  and  Statement-2  is  the 
correct  explanation  for  Statement- 1 .  The  retarding 
force  is  caused  by  eddy  currents  and  according  to 
Lenz’s  law,  the  induced  emf  must  oppose  the  cause. 
The  cause  is  the  falling  bar. 

14.  According  to  Lenz’s  law,  the  coil  will  repel  the 
ring.  At  a  height  where  this  upward  force  balances 
the  weight  of  the  ring,  it  will  float  at  that  height 
above  the  coil.  Hence  both  statements  are  true 
and  Statement-2  is  the  correct  explanation  for 
Statement- 1 . 
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Integer  Answer  Type 


1.  The  two  rails  of  a  railway  track,  insulated  from 
each  other,  and  the  ground,  are  connected  to  a  mil- 
livoltmeter.  What  is  the  reading  of  the  voltmeter 
when  a  train  travels  at  a  speed  of  1 80  km  IT1  along 
the  track?  Given  vertical  component  of  earth’s 
magnetic  field  =  0.2  x  10-4  T  and  the  separation 
between  the  rails  =  1  m. 

2.  Space  is  divided  by  the 
line /ID  into  two  regions. 

Region  I  is  field  free  and 
region  II  has  a  uniform 
magnetic  field  B  =  0.5  T 
directed  into  the  plane 
of  the  paper  as  shown  in 
the  Fig.  25.87.  ACD  is 
a  semicircular  conduct¬ 
ing  loop  of  radius  r  =  10 
cm  with  centre  at  O,  the 
plane  of  the  loop  being 
in  the  plane  of  the  paper. 

The  loop  is  now  made  to  rotate  with  a  constant  an¬ 
gular  velocity  co=  400  rad  s-1  about  an  axis  passing 
through  O  and  perpendicular  to  the  plane  of  the 
paper.  The  effective  resistance  of  the  loop  is  R  = 
0.5  II.  Find  the  induced  current  (in  A)  in  the  loop. 

<  II T,  1985 

3.  An  LCR  series  circuit  with  100  12  resistance  is 
connected  to  an  a.c.  source  of  200  V  and  angular 
frequency  300  rad/sec.  When  only  the  capacitance 
is  removed,  the  current  lags  the  voltage  by  60°. 
When  only  the  inductance  is  removed,  the  current 
leads  the  voltage  by  60°.  Calculate  the  current  (in 
ampere)  in  the  LCR  circuit. 

<  IIT,  1990 

4.  Two  parallel  vertical  metallic  rails  AB  and  CD 
are  separated  by  1  m.  They  are  connected  at  the 
two  ends  by  resistances  Rx  and  R2  as  shown  Fig. 
25.88.  A  horizontal  metallic  bar  L  of  mass  0.2  kg 
slides  without  friction,  vertically  down  the  rails 

SOLUTIONS 

1.  Velocity  v  =  180  km  If1  =  50  m  s_1.  The  induced 
voltage  between  the  rails  is 


<  IIT,  1981 


Region  I 


Region  II 

x  x 


Fig.  25.87 


under  the  action  of 
gravity.  There  is  a 
uniform  horizontal 
magnetic  field  of 
0.6  T  perpendicular 
to  the  plane  of  the 
rails.  It  is  observed 
that  when  the 
terminal  velocity  is 
attained,  the  powers 
dissipated  in Rl  and 
R2  are  0.76  W  and 
1 .2  W  respectively. 

Find  the  terminal 
velocity  of  bar  L 
(in  ms-1). 

|  IIT,  1994 

5.  An  inductor  of  inductance  2.0  mH  is  connected 
across  a  charged  capacitor  of  capacitance  5.0  pF 
and  the  resulting  LC  circuit  is  set  oscillating  at  its 
natural  frequency.  Let  Q  denote  the  instantaneous 
charge  on  the  capacitor  and  /  the  current  in  the 
circuit.  It  is  found  that  the  maximum  value  of 
charge  Q  is  200  pC.  Find  the  maximum  value  of/ 
(in  ampere). 

HlIT,  1998 

6.  A  metal  coil  of  area  5  x  1 0  3  m2,  number  of  turns 
100  and  resistance  0.5  Q  is  lying  horizontally  at 
the  bottom  of  a  vessel  made  of  an  insulating  mate¬ 
rial.  A  uniform  magnetic  field  passing  vertically 
through  the  coil  changes  from  zero  to  0.8  T  in  0.2  s. 
Calculate  the  induced  current  (in  ampere)  flowing 
through  the  coil. 

<  IIT,  2000 

7.  A  series  R-C  combination  is  connected  to  an  AC 
voltage  of  angular  frequency  CO  =  500  radian/s.  If 
the  impedance  of  the  R-C  circuit  is  RyJ  1.25  ,  the 
time  constant  (in  millisecond)  of  the  circuit  is 


-WW- 

Ri 


-\AAAA- 

R2 


Pin  OP  HR 


e  =  Bin  =  0.2  x  10-4  x  1.0  x  50  =  1  x  10-3  V  = 
1  mV 
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1  2 

2.  Induced  emf  is  |  e  \  =  —  Br  co.  Therefore,  the  cur¬ 
rent  in  the  loop  is  ~ 

j_  I e  I  _  Br2co 


R  2  R 

0.5x(0.1)2  x400 


=  2  A 


2x0.5 

3.  When  capacitance  is  removed,  the  circuit  contains 
only  inductance  and  resistance.  Phase  difference  6 
between  the  current  and  voltage  is  then  given  by 

tan  0  =  or  coL  =  R  tan  9 
R 

=  100  tan  60° 

When  the  circuit  contains  only  capacitance  and  re¬ 
sistance,  the  phase  difference  between  the  voltage 
and  current  is  given  by 

tan  d>  =  — - — 

RCco 

— =  R  tan  (h  =  100  tan  60° 

Cco 

The  impedance  of  the  LCR  circuit  is  given  by 

Z  =  Jr2  +  [coL-  — 

\  V  coC , 

=  'Jr2  +(100  tan  60°  -100  tan  60°)2 

=  R  =  100  £2 
The  current  is  given  by 

/=^  =  ^=2A 
R  100 

4.  The  rod  will  acquire  terminal  velocity  when  [see 
Fig.  25.89] 

Bid  =  mg 

mg  0.2  X  9.8  49 


or 


/  = 


=  —  A 
Bd  0.6x1  15 


Current  /  divides  between  parallel  resistors  Rx  and 
R2 .  Let  /[  and  I2  be  the  currents  in  Rx  and  R2,  then 

I=h+h 

If  e  is  the  emf  induced  in  the  rod,  we  have  (as  Rx 
and  R2  are  in  parallel) 

c  =  /,/?,  =  I2R2  (1) 

Powers  dissipated  in  Rx  and  R2  are 

Px  =  elx  (2) 

and  P2  =  el2 

3_  =  L l 

P2  h 


Given  Px  =  0.76  W  and  P2  =  1.2  W. 
Therefore, 

h.  -  £^6  _  19 
I2  ~  1.2  ”  30 


But 


49  30/,  49/, 

—  =  /,  + - 1  -  1 


15  1  19  19 

19 

which  gives  /,  =  —  A.  Hence 

,  ,  ,  49  19  30  „  A 

A  =/-/,  = - =  —  =2  A. 

15  15  15 

Px  _  0.76 

From  (1)  we  have  e  =  ~  -  =  0.6  V 

If  vt  is  the  terminal  velocity  of  the  rod,  the  emf 

induced  in  it  is 

„  ,  e  0.6 

e  =  Bv,  d  or  v,  =  —  =  -  =  1  ms 

1  1  r>  J  -  ' 


-1 


Bd  0.6  x  1 

5.  The  charge  Q  on  the  capacitor  plates  (and  hence 
the  current  /  in  the  circuit)  oscillates  an  angular 
frequency  co  given  by 

1 


co  = 


^/Zc 


i 


[(2.0  x  1 0-3 )  x  (5.0  x  1 0-6 )]‘ 2 
=  104  rad  s  ^ 

Charge  Q  varies  harmonically  with  time  t  at  angular 
frequency  co.  Since  at  /  =  0,  0  =  Q0.  the  maximum 
charge,  we  have 
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Q  =  Qo  cos  cot 
TdQ  d 

Current  /  =  —  =  Q0  —  (cos  cot) 
dt  dt 


(1) 


=  -  Qo  oo  sin  cot  (2) 

/max  =  ooQ(}  =  10  4  x  (200  x  lO^)  =  2  A 

6.  ^  =  M=4Ts-1 

dt  0.2 

Magnetic  flux  (j)  =  NAB.  The  induced  emf  is 
d(f) 
dt 


e  = 


-kj  *  dB 
dt 


=  100  x  (5  x  10~3)  x  4  =  2  V 
e  2 

Induced  current  /  =  —  =  —  =  4  A 
R  0.5 


7. 


z=  .\R2  + 


(. cocy 


z2=  r2+  1 


rdn2 

co  C 


(Vh25i?)2  =R2+  ‘ 


CO  C 


=>  R  =  - 

coC 

2  2 

Time  constant  r  =  RC  =  —  =  -  =  < 

co  500 

=  4  millisecond 


X  10_3s 


Ray  Optics  and 


ptical 


REVIEW  OF  BASIC  CONCEPTS 

26.1  !  REFLECTION  OF  LIGHT 


(i)  Law  of  Reflection 

Angle  of  reflection  =  angle  of  incidence 

A  ray  incident  along  the  normal  to  a  reflecting  sur¬ 
face  retraces  its  path  after  reflection. 

(ii)  Reflection  at  a  plane  surface  (mirror) 

(a)  Distance  of  image  from  mirror  =  distance  of 
object  from  mirror. 

(b)  Size  of  image  =  size  of  object. 

(c)  If  the  object  moves  with  a  certain  velocity, 
the  image  moves  with  the  same  velocity  but 
in  the  opposite  direction. 

(d)  Keeping  the  incident  ray  fixed,  if  the  mirror 
is  rotated  through  an  angle  6,  the  reflected 
ray  rotates  through  an  angle  20. 

(e)  If  two  mirrors  are  inclined  at  an  angle  0  (in 
degrees),  the  number  of  images  formed  by 
the  mirrors  of  an  object  is 

f 360  3  360  . 

• - 1  it  -  is  an  even  number, 

l  9  J  0 


360 

0 


is  an  odd  number  and 


the  object  is  placed  at  the  same  distance 
from  the  mirrors,  and 


object  is  not  placed  at  the  same  distance 
from  the  mirrors. 

(f)  If  three  mirrors  are  placed  mutually  perpendicu¬ 
lar  and  adjacent  to  each  other,  the  number  images 
of  an  object  placed  in  front  of  them  is  7. 


26.2 


REFLECTION  AT  A  SPHERICAL  SURFACE 
(CONCAVE  MIRROR  OR  CONVEX 
MIRROR) 


(a)  Sign  conventions 

(i)  All  distances  are  measured  from  the  centre 
(pole)  of  the  mirror. 

(ii)  Distances  measured  in  the  direction  of  inci¬ 
dent  rays  are  takes  as  positive  while  those 
measured  opposite  to  the  direction  of  incident 
rays  are  taken  as  negative. 

(iii)  Distances  above  the  principal  axis  are  taken 
as  positive  while  those  below  the  principal 
axis  are  taken  as  negative. 

(b)  The  spherical  mirror  formula  (for  both  concave  and 
convex  mirrors)  is 

-  +  -  =  —  ;/=  — ,  where 
v  u  f  2 

u  =  object  distance,  v  =  image  distance, /=  focal 
length  and/?  =  radius  of  curvature.  For  convex  mirror 
/is  positive  and  for  an  concave  mirror /is  negative. 

h.  v  f 

(c)  Linear  magnification  m  =  —  =  —  =  — - - 

\  u  f  —  u 

= 

f 

For  an  erect  image  m  is  positive  and  for  an  inverted 
image  m  is  negative. 

(d)  A  concave  mirror  forms  a  real  and  inverted  image 
of  an  object  placed  beyond  its  focus  and  a  virtual 
and  erect  image  if  the  object  is  placed  between  the 
pole  and  focus.  A  convex  mirror  forms  a  virtual  and 
erect  image  for  all  positions  of  the  object. 
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26.3  »  SNELL'S  LAW  OF  REFRACTION _ 

If  a  ray  of  light  travelling  in  a  medium  of  refractive  index 
jttj  is  incident  at  angle  z  on  the  boundary  of  a  medium  of 
refractive  index  / i2 ,  then 

jt/j  sin  i  =  fi2  sin  r 

where  r  is  the  angle  of  refraction  in  medium  fj.2. 

26.4  j  REFRACTIVE  INDEX  AND  SPEED  OF  LIGHT 

speed  of  light  in  air  or  vacuum  _  c 
speed  of  light  in  the  medium  v 

The  value  of  [ '1  depends  upon  (i)  nature  of  the  medium  and 
(ii)  wavelength  (colour)  of  light. 


Fig.  26.2 


th  =  V L 
Ml  ^2 


26.5 


REFRACTION  OF  LIGHT  THROUGH  A 
PLANE  SLAB 


When  a  ray  of  light  passes  through  a  glass  slab  of  thickness 
t  (Fig.  26.1), 

Incident  ray 


Fig.  26.1 


(a)  the  emergent  ray  is  parallel  to  the  incident  ray  and 

,  tsin(z-z') 

(b)  lateral  displacement  x  =  - - 

cos  r 


26.6  j  REAL  AND  APPARENT  DEPTH  (OR  HEIGHT) 


(a)  An  object  in  a  denser  medium  (water)  viewed  by  an 
observer  in  a  rarer  medium  (air)  from  above  [Fig. 
26.2(a)] 

Real  depth  OA  =  d,  Apparent  depth  AI  =  d'  and 


M 


d_ 

*  d 

Apparent  shift  01=  d  -  d'=  d - =  d 

M 

=  refractive  index  of  water. 


jW 

v  M 


;m 


(b)  Object  in  air  viewed  by  observer  under  water  [Fig. 
26.2(b)] 

Real  height  OA  =  h.  Apparent  height  AI  =  /?'  =  /j.h. 
Apparent  shift  01  =  h'  h  =  luh  h  =  (jJ,  I  )h. 


26.7  !  TOTAL  INTERNAL  REFLECTION 

_ l _ 

For  total  internal  reflection, 

(a)  the  incident  ray  must  travel  in  a  denser  medium  (u2) 
to  the  boundary  of  a  rarer  medium  Ju1  (<  /i2)  and 

(b)  the  angle  of  incidence 
must  be  greater  than  criti¬ 
cal  angle  ic  given  by  (Fig. 

26.3)  /u2  sin  ic  =  sin  90° 


fii  <u 2 


•  •  Mi  „ 

=>  sm  ic  =  —  .  It  rarer 

M2 

medium  is  air  (/jj  =  1  and 
M2  =  M)  then 


.  rr  =  90° 


M2 


sm  =  — 


Fig.  26.3 


The  value  of  ic  depends  upon  /J,l,  /d2  and  wavelength 
of  light. 


26.8  :  REFRACTION  THROUGH  A  PRISM 


When  a  ray  of  monochro¬ 
matic  light  is  refracted  by 
a  prism,  the  deviation  5 
produced  by  the  prism  is 
(Fig.  26.4) 

5=  z)  +  i2  -  A 

where  z)  =  angle  of  inci¬ 
dence,  i2  =  angle  of  emer¬ 
gence  and  A  =  refracting 
angle  of  the  prism.  Also 


Fig.  26.4 
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A  =  r{  +  r2 

The  deviation  is  minimum  =  8m,  if  ix  =  i2.  Then  rx  =  r2. 
Then 


where  p2  =  refractive  index  of  the  material  of  the  prism 
and  px  =  refractive  index  of  the  medium  surrounding  the 
prism.  If  /ix  =  1  (air)  and  u2  =  p,  then 


For  a  thin  prism,  angles  ix,  i2,  rx,  r2  and  A  are  small  and 
8=  ( p-  1  )A 

26.9  !  REFRACTION  AT  A  SPHERICAL  SURFACE 

_ I _ 

If  the  rays  from  an  object  travelling  in  a  medium  of 
refractive  index  px  are  refracted  at  the  spherical  surface 
(convex  or  concave)  of  a  medium  of  refractive  index  p2 
forming  an  image,  then  the  object  and  image  distances  u 
and  v  are  related  as 

u2  it,  p2  -  ,  . ,  .  .  „ 

- =  — -  (with  sign  convention) 

v  u  R 

where  R  =  radius  of  curvature  of  the  spherical  surface. 

Linear  magnification  m  =  —  =  —  . 

h0  u 

If  the  first  medium  is  air,  px  =  1  and  p2  =  /L  then 
p  1  _  —  1 

v  u  R 

If  the  incident  rays  from  the  object  are  in  medium  u2  and 
are  refracted  at  the  spherical  surface  of  medium  fix,  then  in 
the  above  formula  jj,x  and  ji2  are  interchanged,  i.e. 


\k_\h  =  Ai  ~ 

v  u  R 

Application:  Image  formed  by  a  transparent  sphere 

Case  (a):  When  the  object  O  is  in  air  outside  the  sphere  of 
radius  R.  (Fig.  26.5) 

V  is  the  angle  of  O  due  to  refraction  at  P.  For  this 
refraction, 

p  1  _  p  - 1 

v'  a  R 

(u  is  negative,  and  R  is  positive). 

This  image  /'  serves  as  the  virtual  object  for  refraction 
at  Q  forming  the  final  image  I.  For  refraction  at  0  (since 
the  incident  rays  are  in  medium  p),  we  have 
1  p  1  -  p  ,  ,  ,  D 

v  u  R 

(u  is  positive  and  R  is  negative). 

Case  (b) :  When  the  obi  ect  O  is  on  the  surface  of  the  sphere 
(Fig.  26.6). 


Fig.  26.6 

1  _  A  =  1  ~  P 

v  u  R 

where  u  =  2R. 

(u  is  negative  and  R  is  also  negative). 

Case  (c):  Object  O  inside  the  sphere  (Fig.  26.7) 
1  p  _  1  -  p 

v  u  R 

( u  is  negative  and  R  is  also  negative) 


Fig.  26.5 
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Fig.  26.7 


26.10  :  REFRACTION  THROUGH  A  LENS 

_ I _ 

(i)  Relation  between  u,  v  and  /  for  a  lens  (convex  or 
concave)  is 

1  _  1  =  —  (with  sign  convention) 
v  u  f 

Linear  magnification  m  =  —  =  —  =  — — — 

ht  u  f 


f  +  u 


The  focal  length  /  is  positive  for  converging  (con¬ 
vex)  lens  and  negative  for  diverging  (concave) 
lens. 

(ii)  Focal  length/ of  a  lens  of  refractive  index  jl2  sur¬ 
rounded  by  a  medium  of  refractive  index  /i,  is  given 
by 


7 


f  M2  ~  Ml  ") 

f  1 

l  Mi  J 

,Ri 

(with  sign  convention) 


where  Rx  =  radius  of  curvature  of  the  surface  of  the 
lens  on  which  the  rays  are  incident 
R2  =  radius  of  curvature  of  the  surface  of  the  lens 
from  which  the  rays  emerge  after  refraction  through 
the  lens. 

If  the  media  on  the  two  sides  of  the  lens  are  differ¬ 
ent  (e.g.  a  lens  floating  on  water)  as  shown  in  Fig. 
26.8,  then 

1  =  M 2  ~  Mi  ,  th  ~  M2 
/  M3^i  PiRl 


Fig.  26.8 

(iii)  Power  of  lens  P  =  - 1 - 

/ (in  metre) 


(iv)  Lens  maker’s  formula 

If  a  lens  is  surrounded  by  air,  /ul  =  \  and  /u2  =  fl, 
then 


7  =  "  !) 


J _ 1_ 

\Ri  RU 


This  is  the  lens  maker’s  formula. 

Applications  of  lens  maker’s  formula 

(a)  Equi-convex  lens  (Fig.  26.9) 

Rx  =  +  R,  R2  =  —  R 

-  =(//- 1)7--— 

/  'H  'U  -R 


/is  positive. 

(b)  Equi-concave  lens  (Fig.  26.10) 

R x  =  — R,  R2  —  ■  R 

1  2 

7 

f  is  negative. 

(c)  Double  convex  lens  (i?j  * R2 ) 

=  +  Rh  R2  =  R2 


Fig.  26.9 


1  6 

7  =  (A  -  1) 


V*1  R2  J 


Fig.  26.10 


;  /  is  positive 


(d)  Double  concave  lens  ( /? ,  ^R2) 
Ri  =  ~ Ru  R2  =  ~  R2 


j  =  -  (A  -  1) 


R,  R 


VJll  1X2J 
(e)  Plano-convex  lens  (Fig.  26.11) 


;  /  is  negative. 


-R2 


Fig.  26.11 

Fig.  (a):  Rx  =  +  R,  R2  =  °° 

7-»-»lK. J-V 

Fig.  (b):  Rx  =  R2  =  -R 

/is  positive. 

(f)  Plano-concave  lens  (Fig.  26.12) 
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Ri 


(a) 


(b) 


Fig.  26.12 


Fig.  (a):  Rx  =-R,R2  =  °° 


-  =  (//-!)  --  — 


/ 


1  1 


R 


Fig.  (b):  R1  =  R2  =  +  R 


1 


-  =  0/ -  l)  — —  =- 


/ 


1  1 


R 


(M-l) 

R 


R 


f  is  negative. 

(g)  First  surface  convex,  second  sur¬ 
face  concave  (Fig.  26.13) 


Rl  +  Rl,  R2  +  R2 


7^-° 


1  1 


R 


2  J 


since  R2  >  Rx,f  is  positive 


Fig.  26.13 


(h)  First  surface  concave,  second  sur-  ^ 
face  convex  (Fig.  26.14) 


Rl  Rh  R2  R2 


j  =(p  1) 


1  1 


KR2 


R 


i  J 


Fig.  26.14 


Since  R2  >  7?j,/is  negative. 

(i)  If  a  lens  of  focal  length  /  is  cut 

along  AB  into  two  equal  pieces  as  shown  in  Fig. 
26.15(a),  the  focal  length  of  each  piece  is  2 f 
A 


B 


(a)  (b) 

Fig.  26.15 

But  if  the  lens  is  cut  along  CD  as  shown  in  Fig. 
26.15(b),  the  focal  length  remains  the  same  equal 
to/ 

26.11  !  POWER  OF  A  LENS 

_ I _ 

The  reciprocal  of  the  focal  length  (expressed  in  metres)  is 
known  as  the  power  of  a  lens. 


Power  P  =  - 

/(in  metre) 

The  SI  unit  of  P  is  called  diopre  (D) 

If  the  lens  is  placed  in  medium  of  refractive  index  /im, 
then 

p  —  _ Fm _ 

,/m  (in  metre) 

where  fm  =  focal  length  in  medium. 


26.12  !  CO-AXIAL  COMBINATION  OF  LENSES 

_ l _ 


If  two  thin  lenses  of  focal  lengths  /  and  f2  are  placed  in 
contact  co-axially  (i.e.  with  their  principal  axes  coinciding), 
the  equivalent  focal  length  F  of  the  combination  is  given 

by 

j_  _  _i_  j_ 

F  ~J  +  7i 


Power  of  combination  P  =  Px  +  P2 
If  the  lenses  are  separated  by  a  distance  d, 


111  d 

F  “  J  +  J2  Jf2 

and  P  =  P±  +  P2  -  Px  P2d 


EFFECT  OF  SILVERING  ONE  OF  THE 
REFRACTING  FACES  OF  A  LENS 


If  one  surface  of  a  convex  lens  is  silvered,  it  behaves 
like  a  concave  mirror.  If  one  surface  of  a  concave  lens  is 
silvered,  it  behaves  like  a  convex  mirror.  In  Fig.  26. 1 6,  the 
rays  are  refracted  at  surface  1,  reflected  at  surface  2  and 
again  refracted  at  surface  1 .  The  effective  focal  length  F 
is  given  by 


1  =  I  “ 

F  77.2  fn 

where/,  =  focal  length  of  lens  or  mirror  repeated  as  many 
times  as  there  are  refractions  and  reflections.  In  the  case 
shown  in  the  figure,  there  are  two  refractions  and  one 
reflection.  Flence 

1=1  1  J_  =  !  J_ 

F  “  7  +  7  +  l  ”  7  +  4 
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where/=  focal  length  of  the  lens  and  =  focal  length  of 
the  spherical  mirror  of  radius  of  curvature  R2. 

(a)  If  the  face  of  radius  of  curvature  R2  of  a  double 
convex  lens  is  silvered  (Fig.  26.16), 

1=1  J_ 

F  ”  f+fm 

where  —  =  (ji  1) 


1  1 

V  1  1  J 


and 


f=*± 
m  2 

^  =2(11-1) 
F 


\Rl  R2  J 


R, 


(b)  If  the  lens  is  equi-convex,  then  R\  =  R2  =  R 

1  2  2  2(2/t  - 1) 

—  =2(u-\)  —  +  —  =  F-F - L 

F  R  R  R 


F  = 


R 


2(2/t -1) 


(c)  If  the  plane  face  of  a  plano-convex  lens  is  silvered 
(Fig.  26.17),  then 
(R  |  =  R,  R2  =  oo ) 

1-1  _L 

F  f  f 

J  J  m 


where  /  = 


(M~ 1) 
R 


and 

Thus 


f  =  o 
J  m 

F  =  L  = 
2 


R 


2(n  - 1) 

(d)  If  the  curved  face  of  a  plano-convex  lens  is  silvered 
(Fig.  26. 1 8),  then  Rl  =  °°  and  R2=  R. 


1 

2 

_ L 

1 

F 

- r 

/ 

fm 

where 

1 

(M- 

j) 

7  " 

R 

and 

fm 

R 

2 

Thus 

1 

2(M 

-1) 

Fb 


F 


R 


2 

H - — 

R  R 


2/i 


F  = 


R 


EXAMPLE  26.1 


A  vessel  of  depth  t  is  half  tilled  with  oil  of  refractive 
index  /I,  and  the  other  half  is  filled  with  water  of 
refractive  index  /i2.  Find  the  apparent  depth  of  the 
vessel  when  viewed  from  above. 


SOLUTION 


Refer  to  Fig.  26.19 

A 

y 

/ 

Water 

- /  /'2  - 

- 

Oil  1 

j  Fl 

o 

Fig.  26.19 


1 


The  apparent  depth  is  given  by 


AI 


Mi  M2 


t 

2 


(-  +  —] 
vMi  Fu 


I  (Mi  +M2) 
2  Mi  M2 


EXAMPLE  26.2 


A  ray  of  light  incident  normally  on  face  AB  of  an 
isosceles  prism  travels  as  shown  in  Fig.  26.20.  What  is 
the  least  value  of  the  refractive  index  of  the  prism? 


Fig.  26.20 


SOLUTION 


BThe  ray  is  totally  reflected  at  faces  AC  and  CB.  The 
angle  of  incident  at  each  face  is  at  least  ic  =  45°. 
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Therefore 

H=— =  —  =  4~2 

sm/c  sin  45 


EXAMPLE  26.3 


I  The  linear  magnification  of  an  object  placed  on  the 
principal  axis  of  a  convex  lens  of  focal  length  30  cm 
is  found  to  be  +  2.  In  order  to  obtain  a  magnification 
of  -2,  by  how  much  distance  should  the  object  be 
moved? 


SOLUTION 


I  In  the  first  case,  the  magnification  is  positive  which 
implies  that  the  image  is  erect,  virtual  and  on  the 
same  side  of  the  lens  as  the  object.  If  a  is  the  object 
distance  then  u  =  —  a  and  v  =  -  2a.  From  the  lens 
formula,  we  have 

1  _1  =  I 

v  u  f 

111 

or - =  —  =>a=l5  cm 

—  2a  —a  30 

So  the  object  is  at  a  distance  of  15  cm  from  the  lens. 
In  the  second  case,  the  magnification  is  negative, 
the  image  is  real,  inverted  and  on  the  other  side  of 
the  lens  as  the  object.  If  b  is  the  object  distance,  the 
u  =  -b  and  v  =  +  2 b.  Hence 

111  . 

- =  —  =>  b  =  45  cm 

2b  -b  30 

Thus  the  object  has  to  be  moved  through  a  distance  of 
(45  -  15)  =  30  cm  away  from  the  lens. 


EXAMPLE  26.4 


I  A  parallel  beam  of  light  falls  on  a  convex  lens.  The 
path  of  the  rays  is  shown  in  Fig.  26.21.  It  follows 

(a)  Ah  >  M  >  fh  (b)  Mi  <  M  <  Ih. 

(c)  Ah  =  H  <  Ah  (d)  Ah  =  M  >  Pi 


SOLUTION 


Since  the  ray  does  not  bend  at  the  first  face  of  the  lens, 
i.e.  it  is  not  refracted,  Ah  =  A*-  When  this  ray  meets  the 
second  face,  it  bends  towards  the  normal  to  that  face. 
Hence  jj.2  >  /u.  Hence  the  correct  choice  is  (c). 


EXAMPLE  26.5 


A  lens  of  power  +  2.0  D  is  placed  in  contact  with 
another  lens  of  power  -  1.0  D.  The  combination  will 
behave  like 

(a)  A  converging  lens  of  focal  length  1 00  cm 

(b)  a  diverging  lens  of  focal  length  1 00  cm 

(c)  a  converging  lens  of  focal  length  50  cm 

(d)  a  diverging  lens  of  focal  length  50  cm 


SOLUTION 


Given  Pl  =  +  2D,  P2  =  -  ID.  The  power  of  the  com¬ 
bination  is 

P  =PX  +  P2  =  2D  -  ID  =  +  ID 

.•.  Focal  length  of  combination  F  =  +  lm  =  +  100  cm. 
Since  F  is  positive,  the  combination  will  behave  like 
a  converging  lens  of  focal  length  1 00  cm. 


EXAMPLE  26.6 


The  distance  between  the  object  and  the  real  image 
formed  by  a  convex  lens  is  d.  If  the  linear  magnifica¬ 
tion  is  m,  find  the  focal  length  of  the  lens  in  terms  of 
d  and  m. 


SOLUTION 


The  convex  lens  formula  for  a  real  image  is 


I  +  I  -  1 

v  u  f 


(i) 


where  no  sign  conventions  are  to  be  used.  Multiply¬ 
ing  by  u  we  get 

u  ,  u  1  u  ,  u  ~  / 

-  +  1  =  —  or  —  = - 1  = 

0  / 
or  m  (u  -f)  =f 


m 


f 


f 


or 


u  =  (1  +  m)f 


m 


(ii) 


Multiplying  (i)  by  v  we  get 


1  +  —  =  —  ox  \  +  m  =  ~ 
u  f  f 


or  v  =f  (1  +  in) 

Now  u  +  v  =  d.  Using  (ii)  and  (iii)  we  have 


Fig.  26.21 


(iii) 
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rf-(1+m>/ 

m 


+/( i  +  w) 


which  gives /= 


md 

(l  +  w)‘ 


EXAMPLE  26.7 


I  A  concave  lens  of  focal  length/ forms  an  image  which 
is  n  times  the  size  of  the  object.  What  the  distance  of 
the  object  from  the  lens  in  terms  of /  and  n? 


SOLUTION 


1  1  1 

The  concave  lens  formula  is - =  ~ 

v  u  J 


where  no  sign  conventions  are  to  be  used.  Thus 

1=  " 

/ 

or  u  =  | - |  /  . 


n  .  u  1 

—  -  1  =  —  or  — 

v  f  n 

1  —  77 


V 

Y  —  —  n 
u 


EXAMPLE  26.8 


I  A  prism  PQR  of  refractive  index  77  has  the  refract¬ 
ing  angle  of  30°.  Face  PR  of  the  prism  is  silvered. 
Find  the  angle  of  incidence  i  on  face  PQ  so  that  the 
ray  retraces  its  path  after  reflection  from  face  PR  (Fig. 
26.22) 


SOLUTION 


■  Refer  to  Fig.  26.23.  The  ray  AB  is  refracted  alongf?C 
in  the  prism.  This  ray  will  retrace  its  path  if  it  falls 
normally  on  the  silvered  face  PR.  Therefore,  ZPBC 
=  60°  and  angle  r  =  90°  -  60°  =  30°. 

From  Snell’s  law 

sin  i  .  .  /—  .  1 

u  = -  =>  sin  i  =  u  sin  r  =  V2  x  sin  30  =  —j= 

sin;'  V2 

which  gives  i  =  45°. 


P 


Fig.  26.23 


EXAMPLE  26.9 


A  prism  is  made  of  glass  of  refractive  index  %/3  .  The 
refracting  angle  of  the  prism  is  A.  If  the  angle  of  mini¬ 
mum  deviation  is  equal  to  A,  find  the  value  of  A. 


SOLUTION 


Given  /u  =  J 3  and  8m  =  A.  Now 


or  -  =  30°  or  A  =  60° 

2 


EXAMPLE  26.10 


The  refractive  index  of  the  material  of  an  equilateral 
prism  is  y/3  .  What  is  the  angle  of  minimum  devia¬ 
tion? 


SOLUTION 


Refractive  index  /u  = 
^=73.  Therefore 


.  Now.4  =  60°  and 


73  = 


sin  30°  + 


sin  30° 
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or 


or 


sin 


30°  +  — 1  =  73  sin  30°  =  — 

{  2  )  2 

30°  +  —  =  60°  which  gives  8m  =  60° 


26.14  !  COMPOUND  MICROSCOPE 

_ I _ 


In  its  simplest  form,  a  compound  microscope  consists 
of  two  convergent  (convex)  lenses,  of  a  very  short  focal 
length  called  the  objective  and  the  other  of  a  longer  focal 
length  called  the  eye-piece.  The  lenses  are  mounted  co¬ 
axially  and  the  separation  between  them  can  be  varied. 
The  magnifying  power  of  a  microscope  is 

M=  magnification  by  objective  x  magnification  by 
eye-piece 


=  m0  x  me 

(a)  If  the  final  image  is  formed  at  the  least  distance  of 
distinct  vision  (strained  eye) 


(b) 


\M\  =  — 


V  fej 


where  u0  =  distance  of  object  from  objective, 
v0  =  distance  (from  the  objective)  of  the  image 
formed  by  objective,  fe  =  focal  length  of  eye-piece 
and  D  =  least  distance  of  distinct  vision. 

If  the  final  image  is  formed  at  infinity  (relaxed 
eye) 


\M\ 


£_ 

«0  fe 


26.15  !  TELESCOPE 

_ I _ 


EXAMPLE  26.11 


A  wire  mesh  consists  of  squares  each  of  side  1  mm. 
It  is  placed  at  a  distance  of  9.0  cm  from  a  magnifying 
glass  of  focal  length  10  cm.  It  is  viewed  by  placing 
the  eye  close  to  the  lens,  (a)  What  is  the  magnification 
produced  by  the  lens?  (b)  What  is  the  area  of  each 
square  in  the  virtual  image  of  the  mesh?  (c)  What  is  the 
magnifying  power  of  the  lens?  (d)  Is  the  magnification 
(a)  equal  to  the  magnifying  power  in  (c)?  If  not,  when 
can  they  be  made  equal  to  each  other?  Explain. 


SOLUTION 


A  magnifying  glass  is  just  a  convex  lens.  Therefore / 
=  +10  cm.  Also  u  =  -  9.0  cm. 

(a)  The  lens  formula  is 

v  u  f 

Putting/=  +1 0  cm  and  u  =  9.0  cm,  we  have 
J__J_  _1___1 _ 1_ 

v~J  u~  To  _  9A) 

Which  gives  v  =  —  90  cm.  Therefore  the  magnifica¬ 
tion  is 

v  -  90 

m  =  —  = - =  +  10 

u  -  9.0 

(b)  Area  of  each  square  in  the  mesh  is  1  mm  x  1  mm, 
1  mm2.  Since  each  side  is  magnified  10  times, 
the  area  of  each  square  in  the  image  is  10  mm  x 
10  mm  =  100  mm2 

(c)  The  magnifying  power  of  a  magnifying  glass  is 


x 


A  telescope  consists  of  two  convergent  lenses  called 
the  objective  and  the  eye-piece.  The  focal  length  of  the 
objective  is  much  larger  than  that  of  the  eye-piece. 

(a)  The  magnifying  power  of  a  telescope  in  normal 
adjustment  (i.e.  when  the  image  of  a  distant  object 
is  formed  at  infinity),  i.e.  for  relaxed  eye 

m  =  j 

J  e 


f0  =  focal  length  of  objective,  f,  =  focal  length  of 
eye -piece 

L  =  length  of  tube  =/0  +  fe. 

(b)  When  the  final  image  is  formed  at  the  least  distance 
of  distinct  vision  (i.e.  for  strained  eye) 

1  +  ^ 

V  D , 


J  e 


Where  x  is  the  numerical  value  of  the  distance  of 
the  object  from  the  lens.  Here  x  =  9.0  cm.  Also 
D,  the  least  diatance  of  distinct  vision  is  25  cm. 
Therefore. 

25 

M  =  —  =2.8 
9.0 

(d)  Magnification  found  in  (a)  is  different  from  mag¬ 
nifying  power  obtained  in  (c).  They  are  different 
quantities.  However,  they  become  equal  to  each 
other  in  the  special  situation  when  the  distance 
of  the  object  is  such  that  its  image  is  formed  at 
the  least  distance  of  distinct  vision  (D).  Putting 
v  =  -  D  =  -25  cm  and/=  +  10  cm  in  the  lens 
formula 

I_I-1 

v  u  f 


V 
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.  1117  50 

we  have  —  = - 1 - =  —  or  m  = - cm 


u 

x  = 


10  25 

50 

—  cm 


50 


Therefore  the  magnification  is 
-25 


v 

m  =  —  = - 

u  -50/7 


=  +  3.5 


and  the  magnifying  power  is 

„  D  ,  D  ,  25 

M  =  —  =  1  +  —  =  1-1 - =35 

x  /  10 


EXAMPLE  26.12 


I  Find  the  magnifying  power  of  a  compound  miscro- 
scope  whose  objective  and  eyepiece  are  of  focal 
lengths  4.0  cm  and  6.0  cm  respectively  and  the  ob¬ 
ject  is  placed  5.0  cm  beyond  the  objective.  Assume 
that  the  final  image  is  formed  at  the  least  distance  of 
distinct  vision  (25  cm). 


SOLUTION 


u  =  -5.0  cm ,f0  =  +  4.0  cm  and fe  =  +  6.0  cm.  For  the 
objective 

0  «  /o 


Putting  u  =  -5.0  cm  and fQ  =  +4.0  cm  we  have 

I-I_I 

v  4  5 


which  gives  v  =  20  cm.  Therefore,  magnifying  power 
is 


v 

M  =  — 


1+* 

.  fe 


20 


e  J 


-5 


25 


=  —  l  +  _  =  -  20.7 


6 


The  negative  sign  indicates  that  final  image  is  vir¬ 
tual. 


EXAMPLE  26.13 


I  A  compound  microscope  has  a  magnification  of  30. 
Assuming  that  the  final  image  is  formed  at  the  least 
distance  of  distinct  vision  (25  cm),  find  the  magni¬ 
fication  produced  by  the  objective.  Given,  the  focal 
length  of  the  eyepiece  is  5.0  cm. 


SOLUTION 


M=  30 ,/e  =  5.0  cm  and  D  =  25  cm.  We  know  that 

25 


M  =  m,,  X  =  mn 


(  D A 


1  +  — 

V  fe  J 

which  gives  mD  =  5.0 


or  30  =  mn  In - 

5.0 


EXAMPLE  26.14 


A  magnifying  power  of  30  is  desired  using  an  objec¬ 
tive  of  focal  length  1.25  cm  and  an  eyepiece  of  fo¬ 
cal  length  5  cm.  How  will  you  set  up  the  compound 
microscope?  The  final  image  is  formed  at  D  =  25 
cm. 


SOLUTION 


Required  magnifying  power  M=  30 ,f0  =  1 .25  cm  and 
fe  =  5  cm.  We  know  that 


M=  m0  x  me  =  m0 


f 

V 


1  +  ^ 

fe 


or  30  =  m0 


which  gives  mQ  =  5,  i.e.  the  objective  should  produce 
a  magnification  m0  =  5  and  the  eyepiece  should  pro¬ 
duce  a  magnification  me=  6. 

Position  of  object  Let  us  first  find  where  the  object 
AB  should  be  placed  from  the  objective  so  that  a  real 
image  A'B'  magnified  five  times  is  obtained.  Since 
A'B'  is  inverted  we  have  [refer  to  rough  ray  diagram 
Fig.  26.24] 

v 

m0  =  —  =  —  5  or  v  =  —  5u 
n 

Using  the  lens  formula 

I_I-_L 

v  «  /o 


we  have - = - 

-5  u  u  1.25 

which  gives  u  =  -1.5  cm.  Thus  the  object  AB  should 
be  placed  1.5  cm  to  the  left  of  the  objective.  The  dis¬ 
tance  of  A'B'  from  the  objective  will  then  be 
v  =  -5 u  =  -  5  x  (-1.5)  =  7.5  cm 


Fig.  26.24 
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Positioning  of  eyepiece  We  will  now  find  where  the 
eyepiece  should  be  positioned  so  that  it  produces  a 
magnification  me  =  6,  i.e.  the  final  image  A"B"  is  six 
times  A'B'.  It  is  given  that  v'  =  D  =  -25  cm.  Since 
the  final  image  is  virtual, 

v'  ^  ^  , 

m0  =  —  =  +6  or  v  =  6 u 
u' 

Applying  the  lens  formula  to  the  eyepiece  we  have 

l _ 1___1_  J _ 1__1 

v'  u  /e  6  u  u'  5 


which  gives 


/ 

u 


—  =  -  4.17  cm 
6 


Thus,  the  eyepiece  should  be  at  a  distance  of  4. 1 7  cm 
to  the  right  of  A'B'.  Hence  the  separation  between  the 
objective  and  the  eyepiece  should  be 

OE=OB'  +  B'E  =  v  +  \u'\  =  7.5+4.17=  11.67  cm 
Thus  we  find  that  the  microscope  will  give  a  magnify¬ 
ing  power  of  30  if  it  is  set  up  as  follows:  the  distance 
between  the  objective  and  the  eyepiece  should  be 
1 1 .67  cm  and  the  object  should  be  placed  at  a  distance 
of  1.5  cm  in  front  of  the  objective. 


EXAMPLE  26.15 


I  A  refracting  (astronomical)  telescope,  when  in  nor¬ 
mal  adjustment,  has  a  magnifying  power  of  6  and  the 
objective  and  the  eyepiece  are  14  cm  apart.  Find  the 
focal  lengths  of  the  lenses  of  the  telescope. 


SOLUTION 


In  normal  adjustment,  the  object  and  the  final  image 
are  both  at  infinity.  The  separation  between  the  two 
lenses  is  (f0  +fe).  Therefore 

/o+/e  =  14  (i) 

Also  M  =  -r  =  6  or  /0  =  6  /e  (ii) 

Jq 

Using  (ii)  in  (i)  we  get  fe  =  2  cm  and  fa  =  12  cm. 


EXAMPLE  26.16 


I  A  telescope  has  an  objective  of  focal  length  120  cm 
and  an  eyepiece  of  focal  length  5.0  cm.  Find  the  mag¬ 
nifying  power  of  the  telescope  when  it  is  used  to  view 
distant  objects  when  (a)  the  telescope  is  in  normal 
adjustment,  and  (b)  the  final  image  is  formed  at  the 
least  distance  of  distinct  vision  (25  cm). 


SOLUTION 


I/0  =  120  cm  and/e  =  5.0  cm. 

(a)  In  normal  adjustment,  the  magnifying  power  is 


120 

54)" 


=  24 


(b)  When  the  object  is  at  infinity  (distant  object)  and 
the  final  image  formed  at  D  =  25  cm,  the  mag¬ 
nifying  power  is 


M=  2o_  x 

/e 


D  +  fe 

D 


120  25  +  5.0 

-  x - 

5.0  25 


=  28.8 


26.16  j  DISPERSION  OF  LIGHT 


Refraction  of  light  occurs  because  the  velocity  of  light 
changes  as  it  travels  from  one  medium  into  another.  The 
velocity  of  light  in  a  given  medium  depends  upon  its 
wavelength  (or  frequency).  Light  of  a  single  wavelength  or 
frequency  is  called  monochromatic.  White  light  (sunlight) 
is  not  monochromatic,  it  consists  of  many  wavelengths 
ranging  from  violet  (~  300  nm)  to  red  (~  700  nm). 

When  white  light  (or  any  composite  light)  enters  a 
refracting  medium,  the  different  constituent  colours  are 
refracted  unequally.  The  red  is  refracted  the  least  and  the 
violet  the  most.  From  Snell’s  law 

sin/ 

P=  — 
sm  r 

it  follows  that  the  refractive  index  for  red  is  less  than  for 
violet,  i.e.,  the  speed  of  red  light  is  greater  than  that  of  violet 
light.  Thus,  a  medium  does  not  have  one  definite  refractive 
index;  it  has  a  range  of  refractive  indices  corresponding  to 
the  range  of  colours  or  wavelengths  of  the  composite  light. 
Since  each  colour  has  its  own  characteristic  wavelength 
(or  frequency),  the  refractive  index  of  a  medium  will  be 
different  for  different  wavelengths  (or  frequencies).  The 
variation  of  refractive  index  of  a  medium  (and  hence  of 
the  velocity  of  light  in  the  medium)  with  the  wavelength  or 
frequency  is  referred  to  as  dispersion.  The  prism  disperses 
the  colours  of  white  light  and  produces  its  spectrum. 

Angular  Dispersion  and  Dispersion  Power 

If  8V  and  SR  are  the  deviations  of  violet  and  red  lights 
produced  by  a  prism  of  refracting  angle  A,  the  angular 
dispersion  9  is  given  by 

0  =  8V-  8r 

Now  8V  =  (pv  1  )A  and  8R  =  (pR  -  1  )A ,  where  jlv  and 
UR  are  the  refractive  indices  of  the  material  of  the  prism 
for  violet  and  red  lights  respectively.  Hence 
9  =  {/ly  -  pR)A 

Mean  deviation  8=  (p-  I  )A ,  where  p  =  —  (pv  +  pR). 

The  dispersive  power  of  a  prism  is  its  ability  to  deviate 
the  different  colours  of  a  composite  light  along  different 
directions  and  is  defined  as 
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m=  0  =  (Mr  ~Vr)a  =  Hv-Hr 

8  (/u-l)A  n~\ 

Dispersion  without  Deviation  and  Deviation  without 
Dispersion 

If  two  prisms  are  arranged  as  shown  in  Fig.  26.25,  then  net 
angular  dispersion  A 6  =  6-6' 

=  (jiv  ILr)A  +  (ii'v  n',t)A' 

Net  deviation  A5=  8-  8'=  in  -  1  )A  +  (//  -  1)A' 

(a)  For  dispersion  without  deviation 

A<5  =  0  =>  (jU  -  \)A  +  (//  -  1  )A’  =  0 

(b)  For  deviation  without  dispersion 

A0  =  0  =>  Qiv  -  pR)A  +  in' v  -  h’r)a'  =  o 


(i)  Spherical  aberration 

Spherical  aberration  occurs  in  a  lens  or  a  spherical  mirror 
due  to  spherical  nature  of  the  surface.  This  defect  arises 
because  the  paraxial  and  marginal  rays  do  not  focus  at  a 
single  point  (Fig.  26.26). 


Spherical  aberration  is  minimized  by 

(a)  using  a  plano-convex  lens  with  the  incident 
rays  falling  on  the  curved  face 

(b)  using  two  plano-convex  lens  of  focal  lengths 
f  and  f2  separated  by  a  distance  d  =  f  /2. 

(c)  using  a  parabolic  mirror. 

(ii)  Chromatic  aberration 

Chromatic  aberration  occurs  only  in  lenses  and  not 
in  mirrors.  This  defect  arises  because  the  refrac¬ 
tive  index  and  hence  the  focal  length)  of  a  lens  is 
different  for  the  different  colours  of  light.  In  fact 
fR>fy>  fv  Hence  rays  of  white  light  do  not  focus 
at  a  single  point  (Fig.  26.27) 


White  light 


Fig.  26.27 

Chromatic  aberration  is  removed  by 

(a)  using  a  convex 
lens  is  contact 
with  a  concave 
lens  such  that 
(see  Fig.  26.28) 

X  =  __^ 

/' 

where  CO  and  ft/ 
are  dispersive 
powers  of  the  material  of  the  lenses. 

(b)  using  two  lenses  made  of  the  same  material 

separated  by  a  distance  d  =  _  if  +  /')■ 


# 

Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  A  plane  mirror  is  placed  at  x  =  0  with  its  plane 
parallel  to  the  y-axis.  An  object  starts  from  x  =  3 
m  and  moves  with  a  velocity  of  (2  i  +  2  j )  ms~' 
towards  the  mirror.  The  relative  velocity  of  the 
image  with  respect  to  the  object  is 


(a)  2^2  ms  1  making  an  angle  of  45°  with  the 
+  v  axis 

(b)  2^2  ms~'  making  an  angle  of  135°  with  the 
+  x  axis 
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(c)  4  ms  1  along  the  —  *  axis 

(d)  4  ms-1  along  the  +  x  axis 

2.  A  plane  mirror  is  made  of  glass  of  thickness  3  cm 
and  refractive  index  1.5  by  silvering  one  of  its  fac¬ 
es.  A  point  object  is  placed  a  distance  of  6  cm  in 
front  of  the  unsilvered  face.  The  distance  of  the 
image  from  the  silvered  face  is 

(a)  6  cm  (b)  7  cm 

(c)  12  cm  (d)  15  cm 

3.  The  image  distance  (A)  is  plotted  against  the  object 
distance  (u)  for  a  concave  mirror  of  focal  length  f. 
Which  of  the  graphs  shown  in  Fig.  26.29  represents 
the  variation  of  v  versus  u  as  u  is  varied  from  zero 
to  infinity? 


Fig.  26.29 

4.  A  hollow  thin  convex  lens  made  of  glass  is  placed 
in  air.  It  will  behave  like  a 

(a)  convex  lens  (b)  concave  lens 

(c)  prism  (d)  glass  plate 

5.  Two  thin  equi-convex  lenses  each  of  focal  length 


/ and  made  of  glass  ^?  =  —  J  are  placed  in  con¬ 
tact.  The  space  between  them  is  filled  with  water 
4N 


Ha)  =  —  ] .  The  focal  length  of  the  combination  is 


(a) 

/ 

(b) 

2/ 

2 

3 

(c) 

3/ 

5 

(d) 

4/ 

7 

6.  Two  lenses  A  and  B  of  focal  lengths  30  cm  and  20 
cm  are  placed  co-axially  a  distance  d  apart.  A  ray  of 


light  parallel  to  the  common  principal  axis  is  inci¬ 
dent  on  lens  A  as  shown  in  Fig.  26.30.  What  should 
be  the  value  of  d  so  that  the  ray  emerges  from  lens 
B  without  suffering  any  deviation? 

(a)  50  cm  (b)  40  cm 

(c)  25  cm  (d)  10  cm 


Fig.  26.30 


7. 


A  convex  lens  has  a  diameter  d  and  focal  length /  A 
point  object  is  placed  on  its  principal  axis  at  a  dis¬ 
tance  3/from  it.  The  eye  of  an  observer  is  placed  at 
a  distance  of  3 / on  the  other  side  of  the  lens  and  at  a 
distance  h  below  the  principal  axis.  The  maximum 
value  of  h  so  that  the  observer  can  see  the  image  of 
the  object  is 


(a)  d 


(b) 

(d) 


2d 

T 

d_ 

3~ 


8.  A  glass  prism  ABC  of  refractive  index  1.5  is 
immersed  in  water  of  refractive  index  4/3  as  shown 
in  Fig.  26.31.  A  ray  of  light  incident  normally  on 
face  AB  is  totally  reflected  at  face  AC  if 

(a)  sin  9  >  8/9 

(b)  sin  9  >  2/3 

(c)  sin  9  =  -n/3  12 

(d)  2/3  <  sin  9  <  8/9 

<  IIT,  1981 


Fig.  26.31 

9.  What  is  the  relation  between  refractive  indices  /i, 
and  /i  2  if  the  behaviour  of  light  rays  is  as  shown 
in  Fig.  26.32. 
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(a)  fA>  [i2>  jUj  (b)  n  <  li2  < 

(c)  M  <  ^2;  B  =  Afi  (d)  ^2  <  Mi;  M  =  V 2 


10.  A  lens  forms  a  sharp  image  on  a  screen.  On  insert¬ 
ing  a  parallel  sided  glass  slab  between  the  lens  and 
the  screen,  it  is  found  necessary  to  move  the  screen 
a  distance  d  away  from  the  lens  in  order  to  focus 
the  image  sharply.  If  the  refractive  index  of  glass 
relative  to  air  is  n,  the  thickness  of  the  glass  slab  is 
given  by 


(a)  d/fi 


(c) 


(b)  fi  d 

Vi 


(d) 


V 


A* 


d 


11.  A  convex  lens  is  placed  between  an  object  and  a 
screen  which  are  a  fixed  distance  apart.  For  one 
position  of  the  lens  the  magnification  of  the  im¬ 
age  obtained  on  the  screen  is  mx.  When  the  lens 
is  moved  by  a  distance  d,  the  magnification  of  the 
image  obtained  on  the  same  screen  is  m2.  The  focal 
length  of  the  lens  is  (m]  >  m2). 


(a) 


(b) 


d 

K  +m2) 


(c)  d 


mx 

m2 


(d)  d  ^ 


m. 


12.  A  ray  of  light,  travelling  in  a  medium  of  refrac¬ 
tive  index  /a,  is  incident  at  an  angle  i  on  a  compos¬ 
ite  transparent  plate  consisting  of  three  plates  of 
refractive  indices  jJLx,  fi2  and  /i3.  The  ray  emerges 
from  the  composite  plate  into  a  medium  of  refrac¬ 
tive  index  at  angle  x.  Then 

(a)  sin  x  =  sin  i 

...  ■  ^  .  . 

(b)  sin  x  =  —  sm  z 

V 

.  .  ■  B'  ■  . 

(c)  sm  x  =  —  sm  z 

At 


.  Ah  lh  At  ■  . 
(d)  sm  x  = - smz 

At2  At2  At' 


13.  The  principal  section  of  a  glass  prism  is  an  isos¬ 
celes  triangle  ABC  with  AB  =  AC.  The  face  AC  is 
silvered.  A  ray  incident  normally  on  face  AB,  after 
two  reflections,  emerges  from  the  base  BC  in  a 
direction  perpendicular  to  it.  What  is  the  ABAC  of 
the  prism? 

(a)  30°  (b)  36° 

(c)  60°  (d)  72° 

14.  An  object  is  placed  at  a  distance  of  10  cm  from 
a  co-axial  combination  of  two  lenses  A  and  B  in 
contact.  The  combination  forms  a  real  image  three 
times  the  size  of  the  object.  If  lens  B  is  concave 
with  a  focal  length  of  30  cm,  what  is  the  nature  and 
focal  length  of  lens  A? 

(a)  Convex,  12  cm  (b)  Concave,  12  cm 

(c)  Convex,  6  cm  (d)  Convex,  18  cm 

15.  A  plano-convex  lens  acts  like  a  concave  mirror 
of  28  cm  focal  length  when  its  plane  surface  is 
silvered  and  like  a  concave  mirror  of  10  cm  focal 
length  when  its  curved  surface  is  silvered.  What  is 
the  refractive  index  of  the  material  of  the  lens? 

(a)  1.50  (b)  1.55 

(c)  1.60  (d)  1.65 

16.  A  pin  is  placed  10  cm  in  front  of  a  convex  lens  of 

focal  length  20  cm  and  refractive  index  1.5.  The 
surface  of  the  lens  farther  away  from  the  pin  is 
silvered  and  has  a  radius  of  curvature  of  22  cm. 
How  far  from  the  lens  is  the  final  image  formed? 
(a)  10  cm  (b)  11  cm 

(c)  12  cm  (d)  13  cm 

17.  Two  glasses  have  dispersive  powers  in  the  ratio  of 
2:3.  These  glasses  are  used  in  the  manufacture 
of  an  achromatic  objective  of  focal  length  20  cm. 
What  are  the  focal  lengths  of  the  two  lenses  of  the 
objective? 

(a)  6.67  cm,  -  10  cm  (b)  7.5  cm,  -  12.5  cm 

(c)  9.67  cm,  -  15  cm  (d)  12.5  cm,  -  20  cm 

18.  A  giant  telescope  in  an  observatory  has  an  objec¬ 

tive  of  focal  length  19  m  and  an  eye-piece  of  focal 
length  1 .0  cm.  In  normal  adjustment,  the  telescope 
is  used  to  view  the  moon.  What  is  the  diameter  of 
the  image  of  the  moon  formed  by  the  objective? 
The  diameter  of  the  moon  is  3.5  x  106  m  and  the 
radius  of  the  lunar  orbit  round  the  earth  is  3 . 8  x  1 08  m. 
(a)  10  cm  (b)  12.5  cm 

(c)  15  cm  (d)  17.5  cm 

19.  Two  convex  lenses  of  focal  lengths  fx  and  /2  are 
separated  co-axially  by  a  distance  d.  The  power  of 
the  combination  will  be  zero  if 


(a)  d  = 


/1+/2 


=  /f/2 


2 


(b)  d 


2 
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(c)  d  =  f  +f2  (d)  d=  ^/i  f2 


20.  A  thin  lens  of  focal  length  /  has  a  aperture  of 
diameter  d.  It  forms  an  image  of  intensity  I.  Now, 
the  central  part  of  the  aperture  upto  diameter  dl 2 
is  blocked  by  opaque  paper.  The  focal  length  and 
the  image  intensity  will  change  to 


(a)  L  L 
2  2 

W  W  ' 

4  2 


(w/  t 
<d,  /,  R 


21.  The  diameter  of  a  plano-convex  lens  is  6  cm  and 
the  thickness  at  the  centre  is  3  mm.  If  the  speed  of 


light  in  the  material  of  the  lens  is  2  X  10  ms~ 
focal  length  of  the  lens  is 

(a)  15  cm  (b)  20  cm 

(c)  30  cm  (d)  10  cm 


,  the 


22.  A  thin  prism  Pl  with  angle  4°  and  made  from  glass 
of  refractive  index  1.54  is  combined  with  another 
thin  prism  P2  made  from  glass  of  refractive  index 
1.72  to  produce  dispersion  without  deviation.  The 
angle  of  prism  P2  is 


(a)  5.33°  (b)  4° 

(c)  3°  (d)  2.6° 

<  IIT,  1990 

23.  A  ray  is  incident  at  an  angle  of  incidence  i  on  one 
face  of  a  prism  of  a  small  angle  A  and  emerges 
normally  from  the  opposite  face.  If  the  refractive 
index  of  the  prism  is  /J,,  the  angle  of  incidence  i  is 
nearly  equal  to 


(a) 

A 

(b) 

P 

(c) 

HA 

(d) 

A 
2  P 
juA 

~Y 


24.  A  converging  lens  is  used  to  form  an  image  on  a 
screen.  When  the  upper  half  of  the  lens  is  covered 
by  an  opaque  screen, 

(a)  half  the  image  will  disappear 

(b)  complete  image  will  be  formed 

(c)  intensity  of  the  image  will  increase 

(d)  none  of  these 

<  IIT,  1986 

25.  The  angle  of  a  prism  is  A  and  one  of  its  refracting 
surfaces  is  silvered.  Light  rays  falling  at  an  angle 
of  incidence  2  A  on  the  first  surface  return  back 
through  the  same  path  after  suffering  reflection  at 
the  second  (silvered)  surface.  The  refractive  of  the 
material  of  the  prism  is 

(a)  2  sin  A  (b)  2  cos  A 


(c) 


—  cos  A 
2 


(d)  tan  A 


26.  When  a  ray  of  light  enters  a  glass  slab  from  air, 

(a)  its  wavelength  decreases 

(b)  its  wavelength  increases 

(c)  its  frequency  increases 

(d)  neither  wavelength  nor  frequency  changes 

<  IIT,  1980 

27.  A  beam  of  light  consisting  or  red,  green  and  blue 
colours  is  incident  on  a  right-angled  prism  ABC  as 
shown  in  Fig.  26.33.  The  refractive  indices  of  the 
material  of  the  prism  for  red,  green  and  blue  wave¬ 
lengths,  respectively  are  1.39,  1.44  and  1.47.  The 
prism  will 


(a)  separate  part  of  the  red  colour  from  green 
and  blue  colours 

(b)  separate  part  of  the  blue  colour  from  red  and 
green  colours 

(c)  separate  part  of  three  colours  from  one 
another 

(d)  not  separate  even  partially  any  colour  from 
the  other  two  colours. 

<  IIT,  1989 

28.  Spherical  aberration  in  a  thin  lens  can  be  reduced  by 

(a)  using  a  monochromasstic  light 

(b)  using  a  doublet  combination 

(c)  using  a  circular  annular  mask  over  the  lens 

(d)  increasing  the  size  of  the  lens. 

<  IIT,  1994 

29.  A  real  image  of  a  distant  object  is  formed  by  a 
plano-convex  lens  on  its  principal  axis.  The  spheri¬ 
cal  aberration 

(a)  is  absent 

(b)  is  smaller  if  the  curved  surfaces  of  the  lens 
faces  the  object 

(c)  is  smaller  if  the  plane  surface  of  the  lens 
faces  the  object 
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(d)  is  the  same  whichever  side  of  the  lens  faces 
the  object 

<  IIT,  1998 

30.  A  concave  mirror  is  placed  on  a  horizontal  table, 
with  its  axis  directed  vertically  upwards.  Let  O  be 
the  pole  of  the  mirror  and  C  its  centre  of  curvature. 
A  point  object  is  placed  at  C.  It  has  a  real  image, 
also  located  at  C.  If  the  mirror  is  now  filled  with 
water,  the  image  will  be 


(a)  real  and  will  remain  at  C 

(b)  real  and  located  at  a  point  between  C  and 
infinity 

(c)  virtual  and  located  at  a  point  between  C 
and  O 

(d)  real  and  located  at  a  point  between  C  and  O. 

<  IIT,  1998 

31.  A  spherical  surface  of  radius  of  curvature  R 
separates  air  (refractive  index  1.0)  from  glass 
(refractive  index  1.5).  The  centre  of  curvature  is  in 
the  glass.  A  point  object  P  placed  in  air  is  found  to 
have  a  real  image  Q  in  the  glass.  The  line  PQ  cuts 
the  surface  at  point  O  and  PO  =  OQ.  The  distance 
PO  is  equal  to 

(a)  5 R  (b)  3 R 

(c)  2 R  (d)  1.51? 

<  IIT,  1998 

32.  An  eye  specialist  prescribes  spectacles  having  a 
combination  of  a  convex  lens  of  focal  length  40 
cm  in  contact  with  a  concave  lens  of  focal  length 
25  cm.  The  power  of  this  lens  combination  is 

(a)  +  1.5  D  (b)  -  1.5  D 

(c)  +  6.67  D  (d)  -  6.67  D 

<  IIT,  1997 

33.  A  concave  lens  of  glass,  refractive  index  1.5,  has 
both  surfaces  of  the  same  radius  of  curvature  R.  On 
immersion  in  a  medium  of  refractive  index  1.75,  it 
will  behave  as  a 

(a)  convergent  lens  of  focal  length  3.5  R 

(b)  convergent  lens  of  focal  length  3.0  R 

(c)  divergent  lens  of  focal  length  3.5  R 

(d)  divergent  lens  of  focal  length  3.0  R 

<  IIT,  1999 

34.  In  a  compound  microscope,  the  intennediate  image  is 

(a)  real,  inverted  and  magnified 

(b)  real,  erect  and  magnified 

(c)  virtual,  erect  and  magnified 

(d)  virtual,  erect  and  reduced. 

<  IIT,  2000 

35.  A  hollow  double  concave  lens  is  made  of  a  very  thin 
transparent  material.  It  can  be  filled  with  air  or  either 


of  two  liquids  Lx  or  L2  having  refractive  indices 
nx  and  n2  respectively  ( n2  >  nx  >  1).  The  lens  will 
diverge  a  parallel  beam  of  light  if  it  is  filled  with 

(a)  air  and  placed  in  air 

(b)  air  and  immersed  in  Lx 

(c)  Lx  and  immersed  in  L2 

(d)  L2  and  immersed  in  Lx. 

<  IIT,  2000 


36.  A  diverging  beam  of  light  from  a  point  source  S 
having  divergence  angle  a ,  falls  symmetrically  on 
a  glass  slab  as  shown  in  Fig.  26.34.  The  angles  of 
incidence  for  the  two  extreme  rays  are  equal.  If  the 
thickness  of  the  slab  is  t  and  refractive  index  is  n, 
then  the  divergence  angle  of  the  emergent  beam  is 
(a)  zero  (b)  a 


.  1 

m 

(1) 

sm 

- 

(d)  2  sin~ 

- 

\n) 

\n) 

<  IIT,  2000 


s 


37.  A  rectangular  glass  slab  ABCD  of  refractive  in¬ 
dex  «|  is  immersed  in  water  of  refractive  index  n2 
(n  j  >  n2).  A  ray  of  light  is  incident  at  the  face  A B 
of  the  slab  as  shown  in  Fig.  26.35.  The  maximum 
value  of  the  angle  of  incidence  amax,  such  that 
the  ray  comes  out  only  from  the  other  side  CD  is 
given  by 


(a) 

(b) 

(c) 

(d) 


sm 


cos 


L"2 


f  ,  „  \ 

.  _1  >h 

sm  — 
”i  J 


“ 

f 

i  y 

sin  1 

nx  cos 

sin-1 

V 

«2 

sm 


^  nx  ^ 


\n2  J 


sm 


f 


V"i  J 


<  IIT,  2000 
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Fig.  26.35 

38.  When  a  glass  prism  of  refracting  angle  60°  is  im¬ 
mersed  in  a  liquid,  its  angle  of  minimum  deviation 
is  30°.  The  critical  angle  of  glass  with  respect  to  the 
liquid  medium  is 

(a)  42°  (b)  45° 

(c)  50°  (d)  52° 

39.  In  the  visible  region,  the  dispersive  powers  and  the 
mean  angular  deviations  for  crown  and  flint  glass 
prism  are  co  and  (o'  and  d  and  d’  respectively.  When 
the  two  prisms  are  combined,  the  condition  of  zero 
dispersion  by  the  combination  is 

(a)  -Jcod  +  'Jco'd'  =  0 

(b)  co'd  +  cod'  =  0 

(c)  cod  +  co'd'  =  0 

(d)  (cod)2  +  (c o'd'f  =  0 

40.  A  ray  of  light  is  incident  normally  on  one  face  of  a 
90°  prism  and  is  totally  internally  reflected  at  the 
glass-air  interface  as  shown  in  Fig.  26.36.  If  the 
angle  of  reflection  is  45°  and  the  refractive  index 
of  the  prism  is  n,  then 

(a)  n  <  —j=  (b)  n  >  -Jl 

v  2 

(c)  n  >  — j=  (d)  n  < 


41.  A  piano  convex  lens  of  refractive  index  1.5  and 
radius  of  curvature  30  cm  is  silvered  at  the  curved 
surface.  Now  this  lens  has  been  used  to  fonu  the 
image  of  an  object.  At  what  distance  from  this  lens 
an  object  be  placed  in  order  to  have  a  real  image  of 
the  size  of  the  object? 

(a)  20  cm  (b)  30  cm 

(c)  60  cm  (d)  80  cm 


42.  The  two  lenses  of  an  achromatic  doublet  should 
have 

(a)  equal  powers 

(b)  equal  dispersive  powers 

(c)  equal  ratio  of  their  power  and  dispersive 
power 

(d)  equal  product  of  their  power  and  dispersive 
power. 

43.  Rays  from  the  sun  subtend  an  angle  0  (in  radians)  at 
the  pole  of  a  concave  mirror  of  focal  length/  If  the 
diameter  of  the  sun  is  D,  the  diameter  of  the  image 
of  the  sun  formed  by  the  mirror  is 

(a)  DO  (b)  2  DO 

(c)  / e  (d)  2/0 

44.  A  point  source  of  light  S  is  placed  at  a  distance  L  in 
front  of  the  centre  of  a  plane  mirror  PQ  of  width  d 
hung  vertically  on  a  wall  as  shown  in  Fig.  26.37 .  A 
man  walks  in  front  of  the  mirror  along  a  line  paral¬ 
lel  to  the  mirror  at  a  distance  2 L  from  it  as  shown. 
The  greatest  distance  over  which  he  can  see  the 
image  of  the  light  source  in  the  mirror  is 

(a)  ^  (b)  d 

(c)  2d  (d)  3d 


J 


2  L- 


IIT,  2000 


-  Man 


Fig.  26.37 

45.  A  thin  glass  prism  of  refractive  index  1.5  produces 
a  deviation  of  4°  of  a  ray  incident  at  a  small  angle. 
What  will  be  the  deviation  of  the  same  incident 
ray  by  the  same  prism  if  it  is  immersed  in  water  of 
refractive  index  4/3? 

(a)  1°  (b)  2° 

(c)  8°  (d)  16° 

46.  An  air  bubble  in  a  glass  slab  (/u  =  1.5)  is  5  cm  deep 
when  viewed  through  one  face  and  2  cm  deep  when 
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viewed  through  the  opposite  face.  What  is  the  thick¬ 
ness  of  the  slab? 

(a)  7.0  cm  (b)  7.5  cm 

(c)  10.0  cm  (d)  10.5  cm 

47.  The  refracting  angle  of  a  prism  is  A  and  the  re¬ 
fractive  index  is  cot  {At 2).  The  angle  of  minimum 
deviation  is 

(a)  180°  -  A  (b)  180°  -  2A 

(c)  180°  -  3A  (d)  180°  -  4A 

48.  A  ray  of  light  passes  through  four  transparent 
media  with  refractive  indices  fiu  /u2,  /u3  and  /j.4  as 
shown  in  Fig.  26.38.  The  surfaces  of  all  media  are 
parallel.  If  the  emergent  ray  CD  is  parallel  to  the 
incident  ray  AB,  we  must  have 


Fig.  26.38 

(a)  /t,  =  n2  (b)  n2  = 

(c)  =  Ai4  (d)  A*4  =  Mi 

<  IIT,  2001 

49.  A  given  ray  of  light  suffers  minimum  deviation  in 
an  equilateral  prism  P.  Additional  prisms  Q  and  R  of 
identical  shape  and  of  the  same  material  as  P  are  now 
added  as  shown  in  Fig.  26.39.  The  ray  will  now  suffer 


Fig.  26.39 

(a)  greater  deviation 

(b)  no  deviation 

(c)  same  deviation  as  before 

(d)  total  internal  reflection 

50.  An  observer  can  see  through  a  pin-hole  the  top 
end  of  a  thin  rod  of  height  h ,  placed  as  shown  in 
Fig.  26.40.  The  beaker  height  is  3/7  and  its  radius  /?. 
When  the  beaker  is  filled  with  a  liquid  upto  a  height 
2/7,  he  can  see  the  lower  end  of  the  rod.  Then  the 
refractive  index  of  the  liquid  is 

(a)  5/2 

(b)  7(572) 

(c)  7(372) 

(d)  3/2 

<  IIT,  2002 


Fig.  26.40 

51.  Which  one  of  the  spherical  lenses  shown  in 
Fig.  26.41  does  not  exhibit  dispersion?  The  radii  of 
curvature  of  the  surfaces  of  the  lenses  are  as  given 
in  the  diagrams. 

<  IIT,  2002 


(a)  (b) 


(c)  (d) 


Fig.  26.41 

52.  Two  plane  mirrors  A  and  B  are  aligned  parallel  to 
each  other,  as  shown  in  Fig.  26.42.  A  light  ray  is 
incident  at  an  angle  of  30°  at  a  point  just  inside  one 
end  of  A.  The  plane  of  incidence  coincides  with  the 
plane  of  the  figure. 

The  maximum  number  of  times  the  ray  undergoes 
reflections  (including  the  first  one)  before  it  emerg¬ 
es  out  is 

(a)  28  (b)  30 

(c)  32  (d)  34 

<  IIT,  2002 
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Fig.  26.42 

53.  The  size  of  the  image  of  an  object,  which  is  at  in¬ 
finity,  as  formed  by  a  convex  lens  of  focal  length 
30  cm  is  1.6  cm.  If  a  concave  lens  of  focal  length 
20  cm  is  placed  between  the  convex  lens  and  the 
image  at  a  distance  at  26  cm  from  the  convex  lens, 
the  size  of  the  final  image  will  be 

(a)  0.8  cm  (b)  1.2  cm 

(c)  2.0  cm  (d)  2.4  cm 

<  IIT,  2003 

54.  Aray  of  light  is  incident  at  the  glass-water  interface 
at  an  angle  i.  It  emerges  finally  parallel  to  the  sur¬ 
face  of  water  as  shown  in  the  Fig.  26.43.  The  value 
of  ng  would  be 

sin  i  (b)  — — 


(a)  if 


sin  / 


(c) 


73  sin  i 


(d)  1.5 


■  IIT,  2003 


Air  (fia  =  1) 


55.  A  motor  car  is  fitted  with  a  convex  driving  mirror 
of  focal  length  20  cm.  A  second  motor  car  2.8  m 
behind  the  first  car  is  overtaking  at  a  relative  speed 
of  15  ms1.  The  speed  of  the  image  of  the  second 
car  as  seen  in  the  mirror  of  the  first  is 


(a)  —ms  1 

10 


(b)  1ms"1 
15 


(c)  10  ms  1  (d)  15  ms  1 

56.  A  short  linear  object  of  length  b  lies  on  the  axis  of  a 
concave  mirror  of  focal  length/ at  a  distance  u  from 
the  pole.  The  lenght  of  the  image  will  be 


(a) 

f  -7 

\b 

(b) 

\u-JJ 

(c) 

[  v 

2 

b 

(d) 

\u-f) 

u  ~  f ' 

f  J 


b 


i  ; 


b 


57.  A  point  source  of  light  S  is  placed  at  the  bottom  of 
a  vessal  containing  a  liquid  of  refractive  index  72  . 
A  person  is  viewing  the  source  from  above  the  sur¬ 
face.  There  is  an  opaque  disc  of  radius  r  floating 
on  the  surface.  The  centre  of  the  disc  is  vertically 
above  the  source  S.  The  liquid  is  gradually  drained 
out  from  the  vessel  through  a  tap.  The  maximum 
height  of  the  liquid  for  which  the  source  cannot  be 
seen  from  above  is 

(a)  r  (b)  72  r 

(c)  73  r  (d)  2 r 

58.  Light  is  incident  at  an  angle  a  on  one  planar  end 
of  a  transparent  cylindrical  rod  of  refractive  index 
n.  The  least  value  of  n  so  that  the  light  entering  the 
rod  does  not  emerge  from  the  curved  suface  of  the 
rod  for  any  value  of  a  is 

(a)  ^  (b)  72 

(c)  1.5  (d)  73 

59.  A  ray  of  light  is  incident  at  an  angle  of  60°  on  one 
face  of  a  prism  of  refracting  angle  30°.  The  ray 
emerges  out  of  the  prism  making  an  angle  of  30° 
with  the  incident  ray.  The  refractive  index  of  the 
material  of  the  prism  is 

(a)  72  (b)  1.5 

(c)  73  (d)  ^(1  +  73) 


60.  A  square  wire  of  side  3.0  m  is  placed  25  cm  from 
a  concave  mirror  of  focal  length  10  cm.  The  area 
enclosed  by  the  image  of  the  wire  is 

(a)  1  cm2  (b)  4  cm2 

(c)  16  cm2  (d)  25  cm2 

61.  Aray  of  light  PQ  is  incident  on  an  isosceles  glass 
prims  placed  on  a  horizontal  table.  If  the  prism 
is  in  the  minimum  deviation  position  for  the  ray 
PQ,  which  of  the  following  is  true?  (See  Fig. 
26.44). 

<  IIT,  2004 

(a)  a  =  /3  (b)  a  >  /3 

(c)  a  <  f3  (d)  a  +  [5  =  90° 
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A 


Fig.  26.44 


32  cm 


62.  White  light  is  incident  on  face  AB  of  a  glass  prism. 
The  path  of  the  green  component  is  shown  in  the 
figure.  If  the  green  light  is  just  totally  internally 
reflected  at  face  AC  as  shown  in  Fig.  26.45  the  light 
emerging  from  face  AC  will  contain 

(a)  yellow,  orange  and  red  colours 

(b)  violet,  indigo  and  blue  colours 

(c)  all  colours 

(d)  all  colours  except  green. 

<  IIT,  2004 


A 


Fig.  26.45 

63.  A  point  object  is  placed  at  the  centre  of  a  glass 
sphere  of  diameter  12  cm  and  refractive  index  1.5. 
What  is  the  distance  of  the  virtual  image  from  the 
surface  of  the  sphere? 

(a)  4  cm  (b)  6  cm 

(c)  9  cm  (d)  12  cm 

<  IIT,  2004 

64.  A  beaker  contains  water  (  j.t  =  4/3)  filled  to  a  height 
of  32  cm.  A  concave  mirror  is  fixed  6  cm  above  the 
surface  of  water  as  shown  in  Fig.  26.46.  An  object 
is  placed  at  the  bottom  of  the  beaker  and  its  image 
is  formed  14  cm  below  the  surface  of  water.  The 
focal  length  of  the  mirror  is 

(a)  8  cm  (b)  12  cm 

(c)  16  cm  (d)  20  cm 

<  IIT,  2005 


Fig.  26.46 

65.  A  convex  lens  and  a  concave  lens  are  placed  in 
contact.  The  ratio  of  the  magnitude  of  the  power  of 
the  convex  lens  to  that  of  the  concave  lens  is  4  :  3. 
If  the  focal  length  of  the  convex  lens  is  12  cm,  the 
focal  length  of  the  combination  will  be 

(a)  16  cm  (b)  24  cm 

(c)  32  cm  (d)  48  cm 

<  IIT,  2005 

66.  A  right-angled  prism  is  to  be  made  by  selecting 
a  proper  material  and  angles  A  and  B  (B  <  A),  as 
shown  in  Fig.  26.47.  It  is  desired  that  a  ray  of  light 
incident  on  face  AB  emerges  parallel  to  the  incident 
direction  after  two  internal  reflections.  What  should 
be  the  minimum  refractive  index  n  for  this  to  be 
possible? 


C 


Fig.  26.47 


(a)  ”min  = 

(b)  »min  = 


(C)  «min  = 


1 


sin  A 

1 

sini? 
sin  A 


(d)  nn 


sin  B 
=  'JsinAx  sin  B 


67.  A  plano-convex  lens  has  thickness  4  cm.  When 
placed  on  a  horizontal  table  with  the  curved  face  in 
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contact  with  it,  the  apparent  depth  of  the  bottom¬ 
most  point  of  the  lens  is  found  to  be  3  cm.  If  the 
lens  is  inverted  such  that  the  plane  face  is  in  contact 
with  the  table,  the  apparent  depth  of  the  centre  of 

25 

the  plane  face  of  the  lens  is  found  to  be  —  cm.  The 
focal  length  of  the  lens  is 

<  IIT,  1984 

(a)  25  cm  (b)  50  cm 

(c)  75  cm  (d)  100  cm 

68.  Figure  26.48  shows  a  lens  having  radii  of  curvature 
Rx  and  R2  and  ji\  <  /j,2  <  /J.2.  If  the  thickness  of  the 
lens  is  negligible  and  Rx  =  R2  =  R,  the  focal  length 
of  the  lens  will  be 


Fig.  26.48 


(a)  /  = 

h3r 

(b  )/ 

(M3  -  Ml) 

(c  )/  = 

Mi  R 

(d )/ 

(M3-M2) 

(M3  -  Mi ) 
(A 

(Ms  “Mi) 


<  IIT,  2003 

69.  A  parallel  sides  slab  ABCD  of  refractive  index 
2  is  sandwiched  between  two  slabs  of  refractive 
indices  V2  and  V3  as  shown  in  the  Fig.  26.49. 
The  minimum  value  of  angle  9  such  that  the  ray  PQ 
suffers  total  internal  reflection  at  both  the  surfaces 
AB  and  CD  is 

<  IIT,  2005 

(a)  30°  (b)  45° 


Fig.  26.49 

70.  Two  identical  thin  isosceles  prisms  of  refracting  an¬ 
gle  a  (in  radian)  and  refractive  index  /u  are  placed 
with  their  bases  touching  each  other  as  shown  in 


Fig.  26.50.  A  ray 
of  light  is  incident 
on  the  prism  at  a 
small  height  h.  The 
focal  length  of  this 
crude  converging 
lens  is 


(a  )/  = 


ha 

M 


(b)/  = 


ha 

(M-l) 


(c  )/  = 


h 

an 


Fig.  26.50 


(d)  /  = 


h 

a(M  -1) 


<  IIT,  2005 

71.  A  ray  of  light  is  incident  at  an  angle  of  45°  on  a 
square  slab  of  a  transparent  material.  What  should 
be  the  refractive  index  of  the  material  of  the  slab 
so  that  total  internal  reflection  occurs  at  the  vertical 
face  AB  (see  Fig.  26.51)? 


Fig.  26.51 

(a)  V2  (b) 

(c)  1.5  (d) 

72.  Parallel  rays  from  a  distant  object  fall  on  a  solid 
transparent  sphere  of  radius  R  and  refractive  index 
jU .  The  distance  of  the  image  from  the  sphere  is 


R(  2- 

2(^1) 


(b) 


R/lI 

(M-l) 


(c)  - - -  (d)  R  (n  -  1) 

(M-l) 

73.  An  object  O  is  placed  at  a  distance  of  20  cm  from  a 
thin  plano-convex  lens  of  focal  length  1 5  cm.  The 
plane  surface  of  the  lens  is  silvered  as  shown  in  Fig. 
26.52.  The  image  is  formed  at  a  distance  of 
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Object 

O 


20  cm 


Silvered 


Fig.  26.52 

(a)  60  cm  to  the  right  of  the  lens 

(b)  30  cm  to  the  left  of  the  lens 

(c)  24  cm  to  the  right  of  the  lens 

(d)  12  cm  to  the  left  of  the  lens 

<  IIT,  2006 

74.  Figure  26.53  shows  the  graph  between  the  image 
distance  v  (in  cm)  and  the  object  distance  u  (in  cm) 
for  a  thin  convex  lens.  The  focal  length  of  the  lens  is 


distance  x  from  the  pole  P.  The  student  looks  at  the 
pin  and  its  inverted  image  from  a  distance  keeping 
his/her  eye  in  line  with  PA.  When  the  student  shifts 
his/her  eye  towards  left,  the  image  appears  to  the 
right  of  the  object  pin.  Then, 

(a)  x  </  (b)  /<  x  <  2/ 

(c)  x  =  2f  (d)  x  >  2/ 

<  IIT,  2007 

77.  A  ray  of  light  travelling  in  water  is  incident  on  its 
surface  open  to  air.  The  angle  of  incidence  is  6, 
which  is  less  than  the  critical  angle.  Then  there  will 
be  (Fig.  26.54) 

(a)  only  a  reflected  ray  and  no  refracted  ray 

(b)  only  a  refracted  ray  and  no  reflectd  ray 

(c)  a  reflected  ray  and  a  refracted  ray  and  the  angle 
between  them  would  be  less  than  180°  -  29 

(d)  a  reflected  ray  and  a  refracted  ray  and  the  angle 
between  them  would  be  greater  than  1 80°  —  20 

<  IIT,  2007 


Fig.  26.54 


Fig.  26.53 

(a)  (5.00  ±  0.05)  cm  (b)  (5.00  ±  0.10)  cm 

(c)  (10.0  ±  0.10)  cm  (d)  (0.50  ±  0.05)  cm 

<  IIT,  2006 

75.  Image  of  the  sun  is  formed  by  a  biconvex  lens  of 
focal  length  f.  The  image  is  a  circular  patch  of 
radius  r  and  is  formed  on  the  focal  plane  of  the  lens. 
Choose  the  correct  statement  from  the  following. 

(a)  The  area  of  the  image  is  nr 2  and  it  is  directly 
proportional  to  f 

2 

(b)  The  area  of  the  image  is  nr  and  it  is  directly 
proportional  to  /". 

(c)  The  intensity  of  the  image  will  increase  if  / 
is  increased. 

(d)  If  the  lower  half  of  the  lens  is  covered  with 
black  paper,  the  area  of  the  image  will  be¬ 
come  half. 

<  IIT,  2006 

76.  In  an  experiment  to  determine  the  focal  length  (f) 
of  a  concave  mirror  by  the  u  —  v  method,  a  student 
places  the  object  pin  A  on  the  principal  axis  at  a 


78.  Two  beams  of  red  and  violet  colours  are  made  to 
pass  separately  through  a  prism  (angle  of  the  prism 
is  60°).  In  the  position  of  minimum  deviation,  the 
angle  of  refraction  will  be 

(a)  30°  for  both  the  colours 

(b)  greater  for  the  violet  colour 

(c)  greater  for  the  red  colour 

(d)  equal  but  not  30°  for  both  the  colours 

<  IIT,  2008 

79.  A  light  beam  is  traveling  from  Region  I  to  Region 
IV  (Refer  to  Fig.  26.55).  The  refractive  indices  in 

Regions  I,  II,  III  and  IV  are  n0,  — and  — , 

2  6  8 

respectively.  The  angle  of  incidence  0  for  which  the 
beam  just  misses  entering  region  IV  is 

(a)  si,r'  (1)  (b)  s” ' {;) 

(c)  siiT1  (V)  (d)  siir'(j) 
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Region  1 

Region  II 

Region  III 

Region  IV 

n0 

n0 

n0 

oV’ 

2 

6 

8 

no' 

0  0.2  m  0.6  m 


Fig.  26.55 

<  IIT,  2008 

80.  A  light  ray  travelling  in  glass  medium  is  incident  on 
glass-air  interface  at  an  angle  of  incidence  9.  The 
reflected  ( R )  and  transmitted  (T)  intensities,  both  as 
function  of  9,  are  plotted.  The  correct  sketch  is 
[refer  to  Fig.  26.56] 


100% 


(c) 


e 


90° 


Fig.  26.56 

<  IIT,  2011 


(b) 


R 


0  6  90° 
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SOLUTIONS 


Fig.  26.57 

_i 

Velocity  of  the  object  is  va  =  (2  i  +2  j )  ms 
Speed  of  object  is  uo  =  yjl2  +  22  =  2^2  ms-1 

=  speed  of  the  image  (vt).  The  velocity  vt  of  the  im¬ 
age  will  be  as  shown  in  Fig.  (a).  The  relative  veloc¬ 
ity  of  the  image  with  respect  to  the  object  is 
Au  =  vt  -v0  =  +  (-  v0) 

The  magnitude  of  Av  is  given  by  [see  Fig.  (b)] 

Av  =  [Vq  +  v2  -  2v0  Vj  cos  90°]1/2 

r,  I — \2  /  i-\2i |1/2 

=  (2V2)  +  (2/2) 

=  4  ms-1  along  -  x  axis. 

2.  Refer  to  Fig.  26.58. 


Fig.  26.58 

/j  is  the  image  of  O  due  to  refraction  at  face  I 
AIX  =  /a  (OA)  =  1.5  x  6  =  9  cm 

I2  is  the  image  of  /  due  to  reflection  at  face  II.  Since 
I\B  =  9  +  3  =  12  cm,  I2B  =  12  cm. 

/3  is  the  image  of  I2  due  to  refraction  at  Face  I 
again. 

I-,  A  15 

AI2  =  — —  =  —  =  10  cm 
H  1.5 

.•.  Distance  of  /3  from  B  =  10  —  3  =  7  cm. 


3.  For  a  spherical  mirror  —  +  —  =  —  .  For  a  concave 

v  u  f 


mirror  u  =  —  u  and/=  -  f.  Hence 

I  =  I_J_ 

v  u  f 


V  = 


uf 

f-u 


If  u  <  f,  the  image  is  virtual.  Hence  v  is  positive  for 
u  lying  between  zero  and  f  If  u  >  f  the  image  is 
real.  Hence  v  is  negative  for  u  lying  between/ and 
infinity.  When  u  — >  v  —>  —  f  When  U 

±  oo.  Hence  the  correct  graph  is  (b). 

4.  Refer  to  Fig.  26.59. 


Fig.  26.59 

The  hollow  lens  can  be  considered  to  be  a  combina¬ 
tion  of  two  lens  A  and  B.  For  a  lens. 


j  =  1) 


1 


KRi 


2) 


For  lens  A,  Rx=  +  Rx  and  R2  =  +  R2.  Hence 


7-  =  (M~  !) 

J  A 


1  1 


R 


2) 


For  lens  B,  Rx  =  -R x  and  R2  =  - R2.  Hence 

r  .  .  h 


7-  =  (M~  !) 
Jb 


1  1 

V  ^1  ^2  J 


Ta 


Thus  /g  =  —fA.  The  focal  length  of  the  hollow  lens 
is  given  by 


—  =  — +  —  =  0 
fh  /a  Jb 


or  fh  =  Hence  a  hollow  lens  behaves  like  a  glass 

slab. 


{■■■  Rx  =  -R2  =  R) 
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which  gives  /  =  R.  When  the  space  between  the 
lenses  is  filled  with  water,  we  have  a  concave  water 
lens  of  Fm  =  4/3  surrounded  by  a  medium  of  Fg  = 
3/2.  Therefore,  for  the  water  lens, 

—  =  v2 — 3_j  f  2^  _  and  + 

f  4/3  V  RJ  1  2 

1  _  1 

~~  ~~4R  ~  ~~4f 

The  focal  length  of  the  combination  of  the  three 
lenses  is  given  by 

1  -  -  +  -  +  — 

F  ~  f  f  r 

_7_ 

'  I'*/-*/ 

4  f 

=>  F  =  — ,  which  is  choice  (d). 


6.  Refer  to  Fig.  26.60. 


Fig.  26.60 

For  no  deviation,  the  ray  must  emerge  from  lens 
B  parallel  to  the  principal  axis.  For  this  to  happen, 
point  F  must  be  at  the  second  focus  of  lens  A  and 
at  the  first  focus  of  lens  B.  Flence  o'  =  30  +  20  =  50 
cm,  which  is  choice  (a). 

7.  u  =  —  3 f  The  distance  v  of  the  image  /  is  given  by 


1  1 

v~^3f 


1 


—  =>  v 

f 


1.5/ 


The  distance  of  the  eye  from  /  is  =  3/-  1.5/=  1.5/ 
(see  Fig.  26.61) 

Triangles  ABI  and  CDI  are  similar.  Flence 


CD  _DI  h  1.5  / 

AB  BI  d/2~  1.5  / 

d 

or  h  =  —  .  So  the  correct  choice  is  (c). 


Eye 


8.  The  ray  falling  normally  on  face  AB  is  refracted  un¬ 
deviated  into  the  prism  and  is  incident  on  face  AC 
at  an  angle  of  incidence  i  =  6.  For  total  reflection  at 
face  AC 


sin  i  >  —  or  sin  0  > 


-  or  sin  6  >  — 

3x1.5  9 


Flence  the  correct  choice  is  (a). 

9.  The  ray  does  not  suffer  any  deviation  on  entering 
the  lens.  Flence  /tj  =  /J,.  The  ray  leaves  the  second 
surface  of  the  lens  bending  towards  the  normal. 
Flence  /j.2  >  F-  Thus  the  correct  choice  is  (c). 

10.  When  a  glass  plate  of  thickness  t  is  introduced,  the 


f 


image  shifts  by  an  amount  t 


1 


r 


d  =  t 


1-- 

V  FJ 


or  t  = 


1 - | .  Hence 

v  F, 

d 


1- 


F 


Thus  the  correct  choice  is  (c). 


11.  For  the  first  position  of  the  lens,  m1  =  —  .  For  the 

u 

conjugate  (second)  position,  since  u  and  v  are 

u 

interchanged,  we  have  m2  =  —  . 


Therefore 


v 

u 


u 

V 


2  2 

V  -u 


UV 


But 


Hence  m 


(v-u)(v  +  u) 

UV 

,  u  V  ,  r 

j  =  -  and  v  -  u  =  d. 


u  +  v 
d 


f 


or 


/  = 


d 


(m\  ~mi) 

Thus  the  correct  choice  is  (a). 
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12.  Refer  to  Fig.  26.62. 


have 


sm  z 

=  Ml  ■ 

sm  rx 

=  Bl 

sin^ 

F  1 

sinr2 

Fx 

sin  r2 

=  Bl. 

sin  r3 

=  bL 

sinr3 

Fi  ’ 

sin  x 

Fi 

Multiplying  these  equations  we  get 

sin  i  u'  .  u  .  . 

-  =  —  or  sin  x  =  —  sin  / 

sinx  /u  fJ.' 

13.  The  path  of  the  ray  is  shown  in  Fig.  26.63. 


It  is  clear  that 

a  +  2/1  =  180°  and  /3  =  2a 
Hence,  a  =  36°,  which  is  choice  (b). 

v 

14.  Given  m  =  —  =  -  3  (v  the  image  is  inverted) 
u 

or  v  =  —  3  u 

Now  u  =  -  10  cm,  therefore  v  =  +  30  cm. 


If  F  is  the  focal  length  of  the  combination,  we 
have 


_L  =  I 

F  v 


30 


or  F 


15 

—  cm 
2 


Focal  length  of  the  concave  lens  B  =f  =  —  30  cm. 
[f/2  is  the  focal  length  of  lens  A,  we  have 

-  _L=1  J_  =  j_  _  j_ 

f+f2  F  °r  f2  F  -  fx 

2  i 

which  gives/2  =  6  cm.  '  ^  '<; 

Since  f2  is  positive,  the  lens  is  convex.  Hence  the 
correct  choice  is  (c). 

15.  In  the  first  case  we  have  ( v  fm  =  «>) 

28  ./I  +  fx 

In  the  second  case  we  have 


J_  =  2 _ 

io  ”  f  + 


fm 


(ii) 


where/,,  is  the  focal  length  of  the  curved  silvered 

surface.  Hence  =  —  where  R  is  the  radius  of 
m  2 

curvature  of  the  curved  surface. 

Subtracting  (i)  from  (ii)  we  get 

1  11  140 

—  =  — - or  fm  =  -  cm. 

fm  10  28  m  9 


Therefore  R  =  2  fm 


280 

-  cm 

9 


From  (i)  we  have  fx  =  28  x  2  =  56  cm.  Now 


lx 


{F-  1)  - 
R 


R  280 

or  a  -  1  =  —  =  -  =  0.55  or  u=  1.55 

fx  9x56 

16.  The  value  of  the  effective  focal  length  F  is  given 
by 

—  _  J_  J_  1  _  2  1 

F  ~  fx+  fm+  Jx~  Jx+  Tm 


■  —  +  — 
"  20  22 


or  IFI  =  -  cm 

21 

Since  the  convex  lens  with  a  silvered  surface 
behaves  as  a  concave  mirror  of  effective  focal 
length  F,  we  have 

F  =  —  22  cm  anci  n  =  -  10  cm 
21 
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Substituting  these  values  in  the  mirror  formula 

I  +  I  -  1 

v  u  F 


we  have  —  =  — 
v 


21  1 

-  +  —  or  v  =  -  11  cm. 

110  10 

The  negative  sign  shows  that  the  image  is  in  front 
of  the  effective  mirror  and  hence  is  real. 

17.  For  an  achromatic  combination 


r 


CO 

co' 


1 

7 


CO 

co' 


7 


CO 

co' 

1 

7 


where  —  =  —  .  Therefore, 
3 


3/ 


(i) 


The  focal  length  of  the  combination  is 

1 

7 

where  F  =  +  20  cm.  Therefore 


11 

F  “  7  + 


_L  =  1  J_ 

20  “  7  +  7 

From  Eqs  (i)  and  (ii)  we  get 

/=  6.67  cm  and  f'  =  -  — —  = 

2 


(ii) 


10  cm 


18.  Since  u  »/0,  v  =f0  =  19  m.  Now  u  =  —  3.8  xlO  m. 
Therefore,  magnification  produced  by  the  obje¬ 
ctive  is 


19 


m0 

u 


=  -  0.5  x  10' 


3.8  x10s 

.•.  Diameter  of  the  image  of  the  moon  is 

3.5  x  106  x  0.5  x  10-7  =  0.175  m  =  17.5  cm 
Flence  the  correct  choice  is  (d). 

19.  The  focal  length  F  of  the  combination  is  given 

11  1  d 

F  ~  7  +  7  77 

In  terms  of  powers  we  have 


P  =  PX+P2 
d=P'+P> 


PXP2 


d  PXP2  for  P  =  0, 

1  1 

r>  r>  fl  ^  f\- 


Pi  Pi 

Flence  the  correct  choice  is  (c). 

20.  The  focal  length  of  a  lens  does  not  change  if  a  part 
of  it  is  blcoked.  If  the  central  part  of  the  aperture 
upto  d/2  is  blocked,  the  exposed  area  of  the  aperture 
reduces  by  one-fourth  the  earlier  area  because 

n2 


d 
n  I  - 


nd2 


Hence  the  intensity  of  the  image  reduces  by  a 
factor  of  4.  Thus  the  intensity  becomes  I  -  1/4  = 
37/4.  Hence  the  correct  choice  is  (d). 

21.  Refer  to  Fig.  26.64.  Here  AB  =  6  cm.  Therefore,  a  = 
AE  =  3  cm.  Let  C  be  the  centre  of  curvature  of  the 
lens.  The  radius  of  curvature  of  the  lens  is 


R  =  AC  =  BC  =  CD 
A 


Now  ED  =  3  mm  =  t,  say.  In  triangle  AEC,  we 
have 


(AC)2  =  (AE)2  +  (CE)2 


or  R2  =  a2  +  (R-  tf  =  a2  +  R2 


2  Rt  +  r 


or 


2  Rt 


f  t  ^ 


=  a 


1 - 

V  2  Rj 

Since  t  «  R,  the  tenn  t/2  R  can  be  neglected 
compared  to  1.  Hence 

2  Rt  =  a" 

„  a2  3  cm  x  3  cm 

or  R  =  —  =  -  =  15  cm 

2 1  2x0-3  cm 


at  !  r  ■  ■  j  c  3  x  108ms  1 

Now  the  retractive  index  u  =  —  = - - - r 

v  2  x  108ms~ 

=  1.5.  Therefore,  the  focal  length  of  the  plano¬ 
convex  lens  is  given  by 


7 


(H-  1)  x  — 
R 


(1.5  -  1)  x  — 
15 


30 


or  /=  30  cm.  Hence  the  correct  choice  is  (c). 
22.  For  a  prism  with  a  very  small  refracting  angle  A,  the 
deviation  is  given  by  (Fig.  26.65) 

8=  (H-1)A 

Deviation  produced  by  the  first  prism  is 
<5|  =  (Pi  -  1)  Ax 

and  that  produced  by  the  second  prism  is 
S2  =  (p2  -  1)  A2 

The  total  deviation  will  be  zero  if  <5)  +  82  =  0.  The 
emergent  ray  will  then  the  parallel  to  the  incident 
ray  (see  Fig.  26.65).  Thus 


26.28  Comprehensive  Physics — JEE  Advanced 


(Pi  -l)A2=-  (/J,  -  1)  Ax 

The  negative  sign  shows  that  the  refracting  angles 
of  the  two  prisms  are  in  opposite  directions.  Thus 


=  (a  - 1)  A 
(a  - 1) 


(1.54 -l)x  4°  =  30 
(1.72  - 1) 


23.  Deviation  produced  by  a  prism  having  a  small 
refracting  angle  is  given  by 

5=  i/i-  1  )A 

Also  A  +  8=  i  +  e  =  i  (v  e  =  0,  since  the  ray 
emerges  normally  from  the  opposite  face.  Thus 

8  =  i  -  A  or  (fi  -  1)  A  ==  i  -  A  or  i  =  juA 

24.  A  complete  image  will  be  formed  but  the  intensity 
of  the  image  will  decrease  due  to  decrease  in  aper¬ 
ture.  Hence  the  correct  choice  is  (b). 

25.  Refer  to  Fig.  26.66.  The  refracted  ray  BC  will  re¬ 
trace  its  path  if  it  falls  normally  on  the  silvered  face 
PQ  of  the  prism,  i.e.  ZPCB  =  90°.  Therefore,  angle 
a  in  triangle  PBC  is  a-  90°  -A.  Hence  r=A.  Now 

sin  /  sin  2 A 

P  =  ~ —  =  — — 

sm  r  sin  A 


2  sin  A  cos  A 

=  -  =  2  cos  A 

sin  A 

Hence  the  correct  choice  is  (b). 

P 


Fig.  26.66 

26.  Since  the  refractive  index  of  glass  is  greater  than 
that  of  air,  the  speed  of  light  is  less  in  glass  than 
in  air.  The  frequency  of  light  never  changes  due  to 


reflection  or  refraction.  Since  v  =  v  X  or  A,  =  v/v, 
wavelength  X  decreases  because  speed  v  decreases. 

27.  As  the  beam  falls  normally  on  face  AB,  it  goes 
through  undeviated.  The  critical  angles  for  red, 
green  and  blue  colours  respectively  are 

I  \  | 

—  =  46°,  i  =  sin~'  — 

1.39 )  g  n  U-44 

=  43c 


i,.  =  sm 


and 


=  sin  1 


=  44° 


1 

T47y 


The  angle  of  incidence  at  face  AC  is  i  =  45°.  Sin¬ 
ce/  is  greater  than  i  and  ib  but  less  than  ir,  the  red 
colour  will  be  refracted  out  from  face  AC  but  green 
and  blue  colours  will  be  totally  reflected  at  AC  to¬ 
wards  the  base  BC.  Hence  the  correct  choice  is  (a). 

28.  Using  monochromatic  light  eliminates  chromatic 
aberration.  Using  a  doublet  combination  mini¬ 
mizes  chromatic  aberration.  Increasing  the  size  of 
the  lens  increases  its  resolving  power.  To  reduce 
spherical  aberration,  the  aperture  (i.e.  exposed 
portion  of  the  lens)  must  be  decreased.  Hence  the 
correct  choice  is  (c). 

29.  Spherical  aberration  is  reduced  if  the  total  deviation 
is  distributed  over  the  two  surfaces  of  the  lens.  If 
the  plane  surface  of  the  lens  faces  the  object,  all  the 
deviation  takes  place  at  the  curved  surface.  Hence 
spherical  aberration  is  not  reduced.  Hence  the  cor¬ 
rect  choice  is  (b). 

30.  Figure  26.67  shows  the  ray  diagram  for  the  image 
formation  in  the  two  cases.  When  the  mirror  is  filled 
with  water,  the  image  is  real  and  located  at  C'  which 
is  between  O  and  C.  Hence  the  correct  choice  is  (d). 

i 


Fig.  26.67 

31.  Using  the  formula  for  a  spherical  surface 

Pa 


Pa  +  Pg_  _  Pg 


U 


V 


R 


,  1.0  1.5  1.5  - 1.0  ,  . 

we  have - 1 - =  -  (since  v  =  u) 

u  u  R 

which  gives  u  =  5 R. 
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32.  Power  of  the  lens  combination  is 


P  =  Pl  +  P2 


1 

f  (in  m) 


1 

fi  (“  m) 


1  1 

-  +  - 

+  0.40  m  -  0.25  m 


=  -  1.5  m_1  =  -  1.5  D 


33.  The  focal  length /of  a  lens  of  refractive  index  /d2 
surrounded  by  a  medium  of  refractive  index  /u1  is 
given  by 


7 


V 


A*2  ~  Ml 

P\ 


J 


_1_ 


R 


2  J 


Now,  for  a  concave  lens,/=  -/  Given  Rx=  R  and 
R2  =  —Rx  =  —  R. 

Also  \d2  =  1.5  and  /nl  =  1.75.  Hence,  we  have 


J_  _  f  1.5 -1.75V  1  n  _  (- 0.25V 2^j 
/  ”  {  1.75  JU  +  lJ  ”  {  1.75  JUJ 


which  gives  /=  3.5  R.  Since  the  focal  length  is 
positive,  the  lens  acts  like  a  convergent  lens.  Hence 
the  correct  choice  is  (a). 

34.  In  a  compound  microscope,  the  object  is  placed  just 
beyond  the  focus  of  the  objective.  Hence  the  image 
fonned  by  the  object  is  real,  inverted  and  highly 
magnified. 

35.  Refer  to  the  solution  of  Q.  33  above.  Since  the  lens 
is  concave /=  -  f  Also R2  =  -Rx.  Therefore,  we  have 


1 

f  n2  ~  ”l  \ 

"  1 

1  ^ 
_J _ 

7 " 

l  n\  J 

R2  j 

where  n2  is  the  refractive  index  of  the  liquid  filling 
the  lens  and  nl  that  of  of  the  liquid  in  which  the  lens 
is  immersed. 

It  will  act  as  a  divergent  lens  (i.e.  /  will  remain 
negative)  if  n2  >  nv  Hence  the  correct  choice  is  ( d ). 

36.  When  a  ray  of  light  passes  through  a  glass  slab  with 
parallel  faces,  it  does  not  suffer  any  deviation;  it 
is  only  displaced  parallel  to  itself.  Therefore,  the 
direction  of  the  beam  remains  unchanged  after 
passing  through  the  glass  slab.  However,  the  rays 
are  displaced  slightly  towards  the  outer  side.  Hence 
the  divergence  angle  of  the  emergent  beam  will  be 
the  same  as  that  of  the  incident  beam. 

37.  The  ray  will  emerge  from  side  CD  of  the  slab  if 
the  ray  refracted  in  the  slab  suffers  repeated  total 
internal  reflections  at  faces  AD  and  BC  of  the  slab 
as  shown  in  Fig.  26.68.  From  Snell’s  law,  we  have 

sin  r  n2  .  n, 

-  =  —  or  sin  amax  =  —  sm  r 

sm  amax  n\  '  ni 

The  critical  angle  ic  is  given  by 


sm  = 


Thus  angle  i  must  at  least  be  equal  to  ic.  Therefore 

ic  =  90°  -  r  or  r  =  90°  -  ic. 

n,  n, 

sin  amax  =  —  sin  (90°  -  i)  =  —  cos  ic 

«2  n2 


n. 


cos 


(  „  \ 
■  -i  'h 
sm  — 

n\  J 


f  n2^ 

:  sm  in  =  — 

V  ”i 


or 


amax  =  sm 


n,  f  .  _] 

i  th') 

—  cos  sm 

Jh  \ 

J. 

38.  The  refractive  index  of  the  prism  with  respect  to  the 
liquid  in  which  it  is  immersed  is  given  by 


sin{^(T  +  5„,)J 


sin  -  (A) 

2 

.  ( 60°  +  30° 
sin  - 

l  2 


sm 


(?) 


sin  45c 
sin  30° 


= 


The  critical  angle  ic  is  given  by 

sin  ic  =  7=  ,  which  give  ic  =  45°.  Hence  the  correct 
v  2 

choice  is  (b). 

39.  Mean  angular  deviations  produced  by  crown  and 
flint  glass  prisms  respectively  are 

d  =  (n  -  1)  A  and  d'  =  (jd’  -  1)  A' 

Their  dispersive  powers  are 

(0  =  ^'"^7  and  co'  = 

(p- 1)  (m'-i) 

Their  angular  dispersions  respectively  are 

D  =  (jdv~  id,)  A  and  D'  =  (/ i'v  -  /d')  A' 

When  the  prisms  are  combined,  the  dispersion  by 
the  combination  will  be  zero  if 
D  +  D'  =  0 
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or  (jlv  -  /!,.)  A  +  (]!{ 

(Bv~Br) 


or 


(B~ l)A  + 


Hr)A'  =  0 

(X  -  Xr ) 


(/J.'-1)A'=0 


(M-l)  Gu-1) 

or  tar/  +  co' d'  =  0.  which  is  choice  (c). 

40.  The  critical  angle  for  total  internal  reflection  is 
given  by 

.1 

sin  ic  =  — 
n 

If  n  =  ,  sin  /'  =  —/=  or  i,  =  45°.  For  total  internal 

V2 

reflection  the  angle  of  incident  (i)  must  be  greater 
than  45°.  The  figure  shows  that  the  ray  suffers  total 
internal  reflection  when  i  =  45°.  Hence  the  critical 
angle  for  the  given  prism  is  less  than  45°.  There¬ 
fore,  n  is  greater  than  V2  .  Thus  the  correct  choice 
is  (b). 

41.  If  the  curved  surface  of  a  plano-convex  lens  is 
silvered,  the  focal  length  of  the  lens  is  given  by 

30  cm 


1  2/u  R 

—  =  — —  or  F  =  —  = 

F  R  2/t  2x1.5 


=  10  cm 


The  real  image  will  be  equal  to  the  size  of  the 
object  if  the  object  distance  u  =  2F  =  2  x  10  cm  = 
20  cm.  Hence  the  correct  choice  is  (a). 

42.  For  an  achromatic  doublet 

A  = 

f2 


C00 


In  terms  of  powers  of  the  lenses,  we  have 


1 2  _ 


©1 


C00 


or  T’i©1  =  -  Th©!-  Hence  the  correct  choice  is  (d). 

43.  Diameter  of  image  =  radius  of  curvature  x  angle  in 
radians 

=  R0  =  2/Q  {•:  R  =  2/) 

Hence  the  correct  choice  is  (d). 

44.  Refer  to  Fig.  26.69.  It  is  clear  that  the  greatest  dis¬ 
tance  is  AB.  Now,  since  PR  =  RD  =  L,  from  tri¬ 
angles  PRT  and  PBD  we  have 

BD  =  2 RT  =  2RS  =  2  x  -  =  d 

2 


d 

and  OD  =  —  . 

2 


Therefore,  OB  =  OD  +  BD 


d  ,  3d 
=  —+d= — 
2  2 


'XA 

AB  =  2 OB  =  2  x  —  =  3d, 
2 

which  is  choice  (d). 


45.  For  a  small-angled  prism  and  for  a  small  angle  of 
incidence,  the  deviation  is  given  by 

<5  =  (Mg  ~  1 M  (0 

The  refractive  index  of  the  prism,  when  it  is  dipped 
in  water  is 

Bg  1.5  9 

Bw  ~  4/3  "  8 


B 


8'  =  in'  -  1  )A 
From  (i)  and  (ii)  we  have 


(ii) 


5'  = 


V-l' 

v^g-1 


5  = 


®-l 


x  4°  =  lc 


(1.5-1) 

Hence  the  correct  choice  is  (a). 

46.  Real  thickness  =  jux  apparent  thickness 

=  1.5  x  (5  +  2)  =  10.5  cm 
Hence  the  correct  choice  is  (d) 

' A  +  S„ 


sm 


47.  fi  = 


sin  — 


f-1 

UJ 


Given  u  =  cot  —  .  Thus 
“  I  2  I 


cot  —  « 


sm 


A  +  8m 
2 


A 

sm|  — 
2 


A 
or 

2 
A 

or  sin  |  90° - 

2 


cos  —  =  sm 


=  sm 


A  +  8ir 

Y~ 

A  +  <5„ 


which  gives  — +  =  90°  -  — 

2  2 

or  8m  =  ( 1 80°  -  2 A)  which  is  choice  (b). 
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48.  Refer  to  Fig.  26.70.  From  Snell’s  law,  we  have 
Hx  sin  i  =  sin  rx 
H2  sin  r,  =  /u3  sin  r2 
H 3  sin  r2  =  u4  sin  e 


From  these  equations,  it  follows  that 

jix  sin  i  =  /u 4  sin  e  ( 1 ) 

Ray  CD  will  be  parallel  to  ray  AB,  if  e  =  i.  Hence 
H j  =  jU4,  which  is  choice  (d). 

49.  The  ray  will  undergo  minimum  deviation  in  prism 
P  if  the  angle  of  incidence  on  P  is  such  that  the  re¬ 
fracted  ray  in  prism  P  is  parallel  to  its  base.  Since 
prisms  P,  Q  and  R  are  of  identical  shape  and  of  the 
same  material,  the  refracted  ray  in  prism  P  suffers 
no  deviation  at  the  inter  faces  between  P  and  0  and 
Q  and  R.  Hence  the  ray  emerging  out  of  R  will  suf¬ 
fer  the  same  deviation  as  was  produced  by  prism  P. 
Thus  the  correct  choice  is  (c). 

50.  When  beaker  is  filled  upto  a  height  2 h,  the  bottom 
Q  of  the  rod  will  be  visible  if  the  ray  QD  travelling 
in  the  liquid  refracts  along  DB  in  air.  It  follows  from 
Fig.  26.71  that  D  is  the  mid-point  of  diagonal  PB  of 
square  ABPR.  Hence  DE  =  PE  =  h.  Also  ZBDF  = 
45°  since  ZDPE  =  45°.  From  Snell’s  law,  we  have 
(since  the  object  is  in  a  denser  medium) 


1  _  sin  i  QG/QD  hi -J~5h  jl 
fi  sin  r  sin  45°  1/V2  V  5 


or 


which  is  choice  (b). 


51.  If  the  radii  of  curvature  of  the  two  faces  of  a  lens 
are  equal,  the  incident  and  the  emergent  rays  will 
be  parallel,  i.e.  there  is  no  deviation  produced  by 
the  lens  and  hence  there  is  no  dispersion.  Thus  the 
correct  choice  is  (c). 

52.  It  is  clear  from  Fig.  26.72  that  the  first  reflected  ray 
AB  shifts  by  a  distance  x  =  BC  which  is  given  by 
x  =  AC  tan  30° 

=  0.2  m/V3  =  0.2/ V3  m 

Number  of  reflections  required  to  a  cover  a 
distance  of  2  V3  m  is 


2V3  m 
0.2/V3  m 


30 


Hence  the  correct  choice  is  (b). 


Fig.  26.72 

53.  Refer  to  the  Fig.  26.73.  AB  is  the  image  of  size 
1.6  cm  formed  by  the  convex  lens  at  its  focal 
plane.  It  serves  as  the  virtual  object  for  the  concave 
lens.  A'B'  is  the  final  image.  For  concave  lens, 
/=  -  20  cm,  u  =  +  4  cm;  v  =  ?  Now 


Fig.  26.73 

I_I-1 

V  u  f 

or  I  I  =  _J_ 
v  4  20 

which  gives  v  =  5  cm.  Thus  the  final  image  at  a 
distance  of  5  cm  from  the  concave  lens.  Now 


Fig.  26.71 
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A'B' 

AB 

A'B’ 


v 

u 

5  cm 


or 


1.6  cm  4  cm 


or  A’B’  =  2.0  cm.  Hence  the  correct  choice  is  (c). 
54.  For  refraction  at  glass-water  interface,  we  have 
from  Snell’s  law 

jJ-,,  sin  i  =  jul0  sin  r  (i) 

For  refraction  at  water-air  interface,  we  have 


Bm  sin  r  =  na  sin  90°  =  fla=  1 
Using  (ii)  in  (i),  we  get 

/./„  sin  i  =  1  or  ,U:,  = 


(ii) 


1 


sin  / 


which  is  choice  (b). 


55.  Using  /=  +  20  cm  and  u  =  -280  cm  in  — 

v 


1  1 


7’ 


we  get  v  =  +  —  cm.  Differentiating  —  +  —  =  —  , 
3  v  u  f 

we  have 


1  d v  \  du  o 


dt 


dt 


or 


dv 

dt 


v2  du 
u2  dt 


Speed  of  image  =  —  x  (speed  of  object).  The 
u~ 

correct  choice  is  (b). 

56.  The  concave  mirror  formula  is 


I  +  I  =  1 

v  u  f 


(1) 


Since,  for  a  given  concave  mirror,  focal  length/is 
fixed,  we  partially  differentiate  Eq.  (1)  to  get 


8v _  8u  _ 

“  2  ~  u 

V  u 


or  8  v  = 


u  ,  u 
— +  1  =  — 

v 


V 

or 

a  u—  f 
Using  Eq.  (3)  in  Eq.  (2),  we  get 

f  r  \2 


8v  =  -  f  - 7— 

U-/ 

Given  8u  =  b.  Therefore 


8u 


-  I  8u 


Multiplying  Eq.  (1)  by  u,  we  get 

/ 

or  —  =  — 

/ 


(2) 


(3) 


8v  = 


f 


u-f 


(4) 


The  negative  sign  shows  that  image  is  longitudi¬ 
nally  inverted.  The  magnitude  of  the  size  of  the 
image  is 


57. 


\8v\  =  b 


f 


u-f 


,  which  is  choice  (c). 


Referring  to  Fig.  26.74,  the  source  S  cannot  be  seen 
at  all  from  above  when  the  water  level  attains  a 
critical  maximum  height  x  so  that  rays  such  as  SA 
and  SB  suffer  internal  relection.  The  critical  angle 
ic  is  given  by 


In  triangle  OAS,  we  have 


r  r  r 

—  =  tan  i,  or  x  =  -  =  -  =  r. 

x  tanic  tan  45° 

Hence  the  correct  choice  is  (a). 

58.  Refer  to  Fig.  26.75. 


Ray  OA  is  incident  at  an  angle  a  at  the  planar  face 
of  the  cylindrical  rod.  Let  9  be  the  angle  of  refrac¬ 
tion.  From  Snell’s  law,  we  have 


sin  a  .  sin  a 

n  =  -  or  sm  9  =  - 

sin0  n 


(1) 


The  ray  AB  is  incident  at  point  B  of  the  curved 
surface  of  the  cylinder  at  an  angle  (90°  -  9).  This 
ray  is  travelling  in  a  denser  medium  of  refractive 
index  n  and  is  incident  at  the  cylinder-air  interface 
at  point  B.  The  ray  will  not  emerge  from  the  curved 
surface  if  it  suffers  total  internal  reflection  at  B. 
For  this  to  happen  (90°  -  9)  >  ic,  the  critical  angle 


or 

sin  (90°  -  9)  >  sin  ic  or  cos 

9  >  sin  ic 

or 

(1  -  sin2  9)l/2  >  sin  ic 

or 

1  -  sin2  9  >  sin2  ic 

(2) 

The  critical  angle  is  given  by 
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1 

or  sm  ic  =  — 

n 

Using  Eqs.  (1)  and  (3)  in  Eq.  (2)  we  get 


(3) 


.  sin2  a  ^  1  2  •  2  ^  , 

1 - - —  >  —r  or  n  -  sm  a  >  1 

n  n 

or  n2  >  ( 1  +  sin2  a) 

Since  the  maximum  value  of  sin2  a  =  +  1,  it 
follows  that 


<in^2 


or  n„ 


>  V2 


This  is  the  minimum  value  of  refractive  index  of  the 
cylindrical  rod  for  the  ray  AB  to  suffer  total  internal 
reflection  at  point  B.  By  symmetry,  ray  BC  will  be 
totally  reflected  along  CD  suffering  another  total 
internal  reflection  at  D  and  so  on  until  the  ray  fi¬ 
nally  emergs  from  the  opposite  planar  face  of  the 
rod. 

59.  Given  i  =  60°,  8  =  30°  and  A  = 

30°.  Using  8=  i  +  e-A,  we  get 
e  =  0.  i.e.  the  emergent  ray  is 
perpendicular  to  face  AC  of  the 
prism  (see  Fig.  26.76). 

Now  r,  =i-8=  60°  -  30°  =  30°. 

Hence 


sin  i  sin  60° 


sm  r. 


sin  30° 


=  73. 


Hence  the  correct  choice  is  (c). 


Fig.  26.76 


60.  u  =  —  25  cm  and /  =  -  10  cm.  The  distance  of  the 
image  is  given  by 


l 

v 


7 


u 


J. _ 1_ 

-10  ~~  -25 


or 


v  = - cm 

50 


Area  of  the  object  wire  is  3.0  X  3.0  =  9.0  cm".  The 
area  magnification  is  given  by 


area  of  image 
area  of  object 


=  (linear  magnification)" 


50  y_4 
3x25/  ~9 
Therefore,  the  area  enclosed  by  image  is 

4^2 

—  x  9  cm"  =  4  cm  ,  which  is  choise  (b). 

9 

61.  At  minimum  deviation,  the  incident  ray  PQ  and 

emergent  ray  RS  are  symmetrical  with  respect  to 

the  refracting  faces  AB  and  AC  of  the  prism,  i.e. 

angle  of  incident  il  =  angle  of  emergence  i2  (see 

Fig.  26.77).  Therefore,  rx  =  r2  =  r.  Also 

,  ,  .  ,  .  A 

r\+  r2  =  A,  which  gives  rx  =  r2  =  — . 

In  triangle  ABC,  A  +  fi  +  fi  =  1 80° 

or  A  +  2/3  =  180° 


or  -  =  90°  -  B 

2 

But  —  =  r,  =  90°  -  a 
2  1 

Hence  a  =  which  is  choice  (a). 

A 


Fig.  26.77 

62.  The  refractive  index  of  glass  is  inversely  propor¬ 
tional  to  the  square  of  the  wavelength  of  light,  i.e. 

"“7 

Now  the  wavelength  of  violet  light  is  the  least 
and  that  of  the  red  light  is  the  highest.  Hence  the 
refractive  index  of  the  prism  is  the  highest  for  violet 
light  and  the  least  for  red  light.  Therefore,  violet 
light  is  deviated  the  most  and  red  light  is  deviated 
the  least  as  shown  in  Fig.  26.78.  Since  the  green 
light  is  just  totally  internally  reflected  at  face  AC, 
its  angle  of  incidence  on  this  face  is  given  by 

1 

sm  i  =  — 

Bg 


A 


where  llG  is  the  refractive  index  of  the  prism  for 
green  light,  and  ic  is  the  critical  angle  for  green 
light.  Since  the  refractive  indices  for  violet,  indigo 
and  blue  lights  are  greater  than  that  for  green  light 
(this  follows  from  VIBGYOR),  the  critical  angles 
for  total  internal  reflection  are  smaller  than  that  for 


26.34  Comprehensive  Physics — JEE  Advanced 


green  light.  Since  lights  of  these  colours  are  inci¬ 
dent  on  face  AC  at  angles  greater  than  their  respec¬ 
tive  critical  angles,  the  violet,  indigo  and  blue  lights 
will  be  totally  reflected  at  face  AC  back  into  the 
prism.  The  lights  of  yellow,  orange  and  red  colours 
are  incident  on  face  AC  at  angles  less  than  their 
respective  critical  angles.  Hence  these  colours  will 
not  suffer  total  internal  reflection  at  face  AC  and 
will  refract  out  and  emerge  from  face  AC.  Thus  the 
correct  choice  is  (a). 

63.  Two  rays  1  and  2  from  the  object  placed  at  O  fall 
normally  on  the  spherical  surface  and  go  through 
undeviated  (see  Fig.  26.79).  The  divergent  rays  1' 
and  2'  appear  to  come  from  O.  Hence  the  virtual 
image  is  formed  at  the  centre  O,  which  is  at  a  dis¬ 
tance  of  6  cm  from  the  surface  of  the  sphere.  Hence 
the  correct  choice  is  (b). 


64.  The  apparent  depth  of  the  object  is  (see  Fig. 
26.80) 

32 

d  =  -  =  24  cm 

4/3 

Thus  /'  is  the  image  of  object  due  to  refraction. 
This  image  serves  as  the  virtual  object  for  the 
concave  mirror  forming  the  final  image  /  due  to 
reflection. 


Object 


Fig.  26.80 


Now  u  =  01'  =  -  (24  +  6)  =  -  30  cm 
and  v  =  01  =  -  (14  +  6)  =  -  20  cm 
Using  these  values  in  the  spherical  mirror  formula 

1  =  II 

f  v  u 

we  have 

1  -  J_  1  1 

/  ~~  ^20  +  A50  ~~n 

or  /=  -  12  cm. 

Hence  the  correct  choice  is  (b). 

«  .  I  ^il  4  |/2 1  4 

65.  Given  /.  =  +  12  cm  and  - =  —  or  - =  — 

\P2\  3  I/I  3 


Since  f2  is  negative, 


A 

A 


— .  Hence 
3 


fi  = 


4 

—  x  12  =  -  16  cm 
3 


The  focal  length  F  of  the  combination  is  given  by 


1  _  I_  J__J_  1  1 

F  ~  J  +  J2  “l2  +  A6“48 


which  gives  F  =  48  cm.  Hence  the  correct  choice 
is  (d). 

66.  Referring  to  Fig.  26.81,  the  path  of  the  ray  is  PQRS 
suffering  internal  reflections  at  Q  and  R.  It  is  clear 
from  the  figure  that  angles  a  and  [3  should  be  great¬ 
er  than  the  critical  angle  given  by 

1 

sm  ic  =  — 
n 


P  s 


Also  angle  A  =  a  and  angle  B  =  (3.  Since  A>B,f3< 
a ,  the  minimum  value  of  n  is  given  by 

1  1 


1  •  n 

-  <  sm  p  n  m  =  — ~ 
n  sm  p 


sin  B 


So  the  correct  choice  is  (b). 

67.  Refer  to  Fig.  26.82. 

When  the  curved  face  of  the  lens  is  in  contact  with 
the  table,  the  virtual  image  of  the  bottom-most 


Ray  Optics  and  Optical  Instruments  26.35 


point  0  of  the  lens  is  formed  at  /,  due  to  refraction 
at  the  plane  surface  as  shown  in  Fig.  26.82  (a). 


Fig.  26.82 

Real  depth  =  4  cm  and  apparent  depth  =  3  cm. 
Hence 


4 


When  the  plane  face  of  the  lens  is  in  contact  with 
the  table,  the  image  of  the  centre  O  of  the  plane 
face  of  the  lens  is  formed  at  I2  due  to  refraction 
at  the  curved  face  as  shown  in  Fig.  26.82  (b).  For 
refraction  at  this  face,  we  have 

Ah  _Ah  =  Ah  ~  Ah 

v  u  R 

where  q,  =  1 ,  ,u2  =  q,  u  =  OP  =  -  4  cm,  and  v  =  OI2= 
25 

- cm.  Putting  these  values,  we  get 

8 

8  n  _  \  -  jj 

25  -4  R 

4 

Putting  q  =  —  and  solving  we  get  R  25  cm.  Now, 

the  focal  length  of  the  plano-convex  lens  is  given 
by 

1  1  (4  3  1  1 

/  ”  R  U  25  "  75 

or  /=  75  cm. 


68.  Refer  to  Fig.  26.83. 


Refraction  at  the  first  surface:  u  =  —  °°,V  =  +  V  and 
R  =  +  Rx.  We  have 


Ah  _  _Ah_  =  q 2  ~  Ah 

V  —  oa  Rj 


or 


Ah 

v 


H 2  “Ah 


R 


(i) 


Refraction  at  the  second  surface :u  =  v  -  t  —  v  ( v  t 
is  negligible), 

v  =  +  vx  and  R  =  +  R2.  We  have 


Ab  _  Af2  =  (ii) 

v  R2 

Since  the  incident  ray  is  parallel  to  the  principal 
axis,  vx  =/,  the  focal  length  of  the  lens  and  using 
»i  =/  (i)  in  (ii),  we  get 


Ah 

/ 


or  —  = 

/ 


Ah>  Ah  _  A(3  P-i 


V 


Ri 

Ah  ~  Ah 
Ah 


7 


*1 


■  + 


^  A^3  —  Ah  ^ 

M3 


*7  (iii) 


This  is  the  expression  for  the  focal  length.  If 
i?!  =  ih  we  get  [Put  Rx=  R2  =  Rin  (iii)] 


1 

7 


Ah  ~  Ah 
^  Ah  J 


So  the  correct  choice  is  (a). 
69.  Refer  to  Fig.  26.84. 


Fig.  26.84 


For  total  internal  reflection  at  surface  AB,  angle  0 
must  be  greater  than  or  equal  to  the  critical  angle  ix 
given  by 

U2  V2  1 

1  Mi  2  V2 

which  gives  ix  =  45° 

For  total  internal  reflection  at  surface  CD,  angle  6 
must  be  greater  than  or  equal  to  the  critical  angle  i2 
given  by 


sin  i2  = 


Ah 

Ah 


V3 

2 


which  gives  i2  =  60°. 
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Hence,  for  total  internal  reflection  at  both  the 
surfaces  AB  and  CD,  the  minimum  value  of 
6  =  60°.  Thus  the  correct  choice  is  (c). 

70.  Two  isosceles  prisms  ABC  and  DBC  are  placed  with 
their  bases  BC  touching  each  other  as  shown  in 
Fig.  26.85,  which  shows  the  path  of  parallel 
incident  rays  which  come  to  a  focus  at  point  F. 
Distance  OF=f  is  the  focal  length  of  the  system.  It 
follows  from  figure  that 

tan  8=  - 


Fig.  26.85 

Since  the  prism  is  very  thin  and  if  h  is  small,  i.e.  the 
incident  rays  are  close  to  the  axis  PQ  of  the  system, 
then  8  will  be  very  small  and  we  can  replace  tan  8 
by  8  where  8  is  measured  in  radian.  Thus 


Now,  for  a  prism  having  a  small  refracting  angle  a 
and  for  a  small  h,  the  deviation  produced  by  a  prism 
is  given  by  (here  angle  a  is  expressed  in  radian) 
8=  (n~  1  )a 

Thus  —  =  (fi-  1  )a  or  /=  - — — 

/  (B~l  )a 

So  the  correct  choice  is  (d). 

71.  Refer  to  Fig.  26.86.  The  ray  will  be  totally  reflected 
at  E  if  it  is  incident  at  an  angle  equal  to  or  greater 
than  the  critical  angle  ic  given  by 


i 


1 

sin  i  =  — 

B 

Angle  r  is  given  by 

sin  45° 

B  =  — - 

sin  r 


or  sm  r  = 


jl'Jl 


(1) 


(2) 


It  follows  from  the  figure  that  ic  +  r  =  90° 

or  ic  =  90°  -  r.  Using  this  in  Eq.  (1),  we  get 

1 

cos  r  =  —  which  gives 
B 


sin  r  =  (1  -  cos2r)1/2 


f 


1 


1/2 


1““, 

v  B  ) 


=  ~  (B2-  D1/2 
B 


Using  this  in  Eq.  (2),  we  get 


-  - 

B 


which  gives  M  =  £  , 


which  the  correct  choice  is  (b). 

72.  Refer  to  Fig.  26.87.  For  refraction  at  face  I, 

1 


B 


B~  1 


-‘i 


Since 


Pi  R 

ux  =  we  have 

B  =  n- 1 

Pi  R 


(1) 


Fig.  26.87 

For  refraction  at  face  II,  u2  =  -(v1-  2 R)  =  2 R  —  vx. 
Using  Eq.  (1),  we  get 

u,-2R- =  ,2) 

0<-i)  01-1) 

The  image  distance  v2  is  given  by 

_ B~ 1 

''2  P2 


R 


(3) 


Fig.  26.86 


Using  Eq.  (2)  in  Eq.  (3)  and  simplifying,  we  get 
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_  *(2-A0 

U') 

The  correct  choice  is  (a). 

73.  The  effective  focal  length  of  the  silvered  lens  is 
given  by 


-  =  -  +  —  =  -^  +  -  =  — ,  which  gives 
F  f  Jm  15  15 


F  =  —  cm.  The  silvered  lens  behaves  like  a  con- 
2 

cave  mirror.  Using  the  spherical  mirror  formula 

111, 

—  +  —  =  — ,  we  have 
v  u  F 

vu  =  -20  cm  andF  = - cm 

l  2  J 


1  1  _  2 

v  ^20  ~~  -15 

which  gives  v  =  -  12  cm.  The  negative  sign  in¬ 
dicates  that  the  image  is  formed  to  the  left  of  the 
lens.  Hence  the  correct  choice  is  (d). 

74.  It  follows  from  the  graph  that  when  u  =  -10  cm, 
v  =  +1 0  cm.  The  focal  length  of  the  lens  is  given  by 
1  1  1  1  1 

~  = - = - ,  which  gives /=  5.0  cm 

J  v  u  10  -10 

The  maximum  error  A /  in  the  measurement  of/ is 
given  by 

4/  _  Am  Av 

2  2 
J  It  V 


where  An  and  Av  are  the  least  counts  of  u  and  v 
scales  of  the  graph.  If  follows  from  the  graph  that 
Am  =  Av  =  1  mm  =  0.1  cm.  Hence 


'Au  Av 
A/=  — +  ^ 


xf 


'  0.1 

0.1  ' 

T  + 

Lao)2 

(10)2_ 

5 

-  cm 

=  0.05 

100 

x  (5)2 


cm 


Hence  /=  (5.00  ±  0.05)  cm,  which  is  choice  (a). 

75.  Refer  to  the  Fig.  26.88. 

The  angular  diameter  of  the  sun  is  29.  From  the 
figure  it  follows  that  tan  6=  r/f  Since  6  is  small, 
tan  9  -  9,  where  9  is  expressed  in  radian.  Hence, 
we  have 


or  r  =  f9 


Area  of  image  =  nr 2  =  n&  f1.  Thus  area  °c  /2, 
which  is  choice  (b). 


76.  It  is  given  that  the  image  is  inverted  and  it  does  not 
coincide  with  the  object  pin.  If  x  <f  the  image  is 
erect  and  if  x  =  2 f  the  image  will  coincide  with  the 
object.  Hence  choices  (a)  and  (c)  are  wrong.  It  is 
given  that  when  the  student  shifts  his  eye  towards 
left,  the  image  appears  to  move  to  the  right  of  the 
object  pin.  This  can  happen  if  the  image  is  closer 
to  the  eye  than  the  object.  Hence  choice  (d)  is  also 
false.  If  x  lies  between/ and  2 f  the  image  is  closer 
to  the  eye  than  the  object  as  shown  in  Fig.  26.89. 


Fig.  26.89 

77.  If  the  angle  of  incidence  in  the  denser  medium  is 
less  than  the  critical  angle  for  the  two  media,  the 
ray  is  party  reflected  back  into  the  denser  medium 
and  partly  refracted  into  the  rarer  medium. 

Angle  between  the  reflected  ray  and  the  refracted 
ray  is 

5  =  180°  -  (0+  9') 

Since  9'  >  9,  8  <  180°  -  29.  Hence  the  correct 
choice  is  (c). 

78.  When  the  deviation  produced  by  a  prism  is  mini¬ 
mum,  the  angle  of  refraction  r  =  A/2  =  60°/2  =  30° 
for  lights  of  all  wavelengths.  However  the  corre¬ 
sponding  angle  of  incidence  and  the  value  of  angles 
of  minimum  deviation  are  different  for  different 
colours.  The  correct  choice  is  (a). 

79.  The  beam  will  not  enter  region  IV  if  the  angle 
refraction  in  region  IV  equals  90°.  Apply  Snell’s 
law  at  the  interfaces,  we  have  [See  Fig.  26.90] 

n0  sin  9=  ^  sin  9l 
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1 

II 

III 

IV 

=  ^  sin  0,  =  ^  sin  90° 

6  “  8 

which  gives  sin  9  =  ^  . 

80.  If  /  is  the  intensity  of  the  incident  light  then  R  +  T 
=  I.  Since  the  incident  ray  is  travelling  in  a  denser 
medium  (glass),  it  will  be  totally  reflected  at  a  cer¬ 
tain  critical  angle  9C.  For  9  <  9C  a  part  of  the  inci¬ 
dent  intensity  is  reflected  and  the  remaining  part  is 
transmitted.  But  for  9  >  9C,  there  is  no  refracted  ray. 
Hence  for  9>  9C,  the  value  of  R  is  100  %.  Hence 

'sy 

'ey 

/£__ 

i.e3  =  _900 

Fig.  26.90 

the  only  correct  option  is  (c). 

# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  A  motor  car  is  fitted  with  a  convex  mirror  of  focal 
length  20  cm.  A  second  car  2.1  m  broad  and  1.05 
m  high  is  4  m  behind  the  first  car.  The  breadth  and 
height  of  the  image  of  the  second  car  as  seen  in  the 
mirror  of  the  first  car  are  x  and  y  respectively.  If 
the  second  car  is  overtaking  at  a  relative  speed  of 
21  ms-1,  the  speed  of  the  image  is  v.  Then 

(a)  x  =  20  m 

(b)  y  =  5  cm 

(C)  V  =  21  mS  movm8  towards  the  mirror 

(d)  v  21  ms-1,  moving  away  from  the  mirror. 

2.  The  deviation  produced  by  a  prism  depends  on 

(a)  the  refractive  index  of  the  material  of  the 
prism 

(b)  the  refractive  index  of  the  medium  surround¬ 
ing  the  prism 

(c)  the  refracting  angle  of  the  prism 

(d)  the  angle  of  incidence  of  the  ray  falling  on 
the  prism. 

3.  The  angle  of  minimum  deviation  of  a  prism  placed 
in  air  depends  on 

(a)  the  refractive  index  of  the  material  of  the 
prism 

(b)  the  refracting  angle  of  the  prism 

(c)  the  angle  of  incidence 

(d)  the  intensity  of  the  incident  light. 


4.  The  dispersion  of  light  in  a  medium  implies  that 

(a)  lights  of  differents  wavelengths  travel  with 
different  speeds  in  the  medium 

(b)  lights  of  all  frequencies  travel  with  the  same 
speed  in  the  medium 

(c)  the  refractive  index  of  the  medium  is  different 
for  different  wavelengths  of  light. 

(d)  the  refraction  index  of  the  medium  is  the 
same  for  all  frequencies  of  light. 

5.  For  a  given  angle  of  incidence,  the  angle  of 
deviation  by  a  prism  is  greater  for 

(a)  violet  light  than  for  yellow  light 

(b)  red  light  than  for  green  light 

(c)  blue  light  than  for  red  light 

(d)  yellow  light  than  for  green  light. 

6.  A  lens  is  placed  in  air.  The  focal  length  of  the  lens 
depends  on 

(a)  the  object  and  image  distances 

(b)  the  refractive  index  of  the  material  of  the  lens 

(c)  the  radii  of  curvature  of  its  faces 

(d)  the  wavelength  of  light  used. 

7.  The  focal  lenght  of  a  lens  is 

(a)  greater  for  violet  light  than  for  yellow  light 

(b)  less  for  blue  light  than  for  red  light 

(c)  greater  for  green  light  than  for  blue  light 

(d)  the  same  for  lights  of  all  colours. 
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8.  An  illuminated  object  is  placed  at  a  distance 
D  =  100  cm  from  a  screen.  A  convex  lens  of  focal 
length  2 1  cm  is  placed  between  them.  A  real  image 
of  the  object  is  formed  on  the  screen  for  two  con¬ 
jugate  positions  A  and  B  of  the  lens  separated  by  a 
distance  d  (see  Fig.  26.91).  The  respective  linear 
magnifications  of  the  image  are  mi  and  m2  for  posi¬ 
tions  A  and  B  of  the  lens.  Then 

(a)  d  =  40  cm  (b)  d  =  42  cm 

7  3  7  5 

(c)  ml  =  - ,  m2  =  -  (d)  w,  ®  - ,  m2  =  - 


Fig.  26.91 

9.  When  light  travelling  in  air  is  reflected  from  a  glass 
slab 

(a)  the  wavelength  of  the  reflected  light 
decreases. 

(b)  the  frequency  of  the  reflected  light  is  the  same 
as  that  of  the  incident  light. 

(c)  the  reflected  light  undergoes  a  phase  chage  of  n. 

(d)  the  intensity  of  the  reflected  light  is  less  than 
that  of  the  incident  light. 

10.  When  light  travelling  in  air  enters  a  glass  slab, 

(a)  its  wavelength  decreases 

(b)  its  frequency  increases 

(c)  its  velocity  decreases 

(d)  it  undergoes  a  phase  change  of  n. 

11.  The  radius  of  curvature  of  a  thin  planoconvex  lens 
is  10  cm  and  the  refractive  index  of  its  glass  is  1.5. 
Its  focal  length  is  / .  If  the  plane  surface  is  silvered, 
its  focal  length  becomes^.  Then 

(a)  /  =  5  cm  (b)  f  =  40  cm 

(c)  f2  =  10  cm  (d)  f2  =  20  cm 

12.  The  focal  length  of  a  thin  planoconvex  lens  is 
60  cm  and  the  refractive  index  of  its  glass  is  1.5. 
Its  radius  of  curvature  is  R.  When  the  plane  surface 
of  the  lens  is  silvered,  it  behaves  like  a  concave 
mirror  of  focal  length/  Then 


(a)  R  =  30  cm  (b)  R  =  120  cm 

(c)  /=  10  cm  (d)  /=  30  cm 

13.  A  convex  lens  made  of  glass  of  refractive  index  1 .5 
has  both  surfaces  of  the  same  radius  of  curvature 
R.  In  case  (i)  the  lens  is  immersed  in  a  medium  of 
refractive  index  1.25  and  in  case  (ii)  it  is  immersed 
in  a  medium  of  refractive  index  1.75.  Then 

(a)  in  case  (i)  the  lens  will  behave  as  a  conver¬ 
gent  lens  of  focal  length  2.5 R 

(b)  in  case  (i)  the  lens  will  behave  as  a  divergent 
lens  of  focal  length  3.0 R 

(c)  in  case  (ii)  the  lens  will  behave  as  a  conver¬ 
gent  lens  of  focal  length  3.0 R 

(d)  in  case  (ii)  the  lens  will  behave  as  a  divergent 
lens  of  focal  length  3.5 R 

14.  A  short  linear  object  of  length  b  lies  along  the  axis 
of  a  concave  mirror  of  focal  length/  at  a  distance 
u  from  the  pole.  The  size  of  the  image  is  a.  If  the 
object  begins  to  move  with  a  speed  VQ,  the  speed 
with  which  the  image  moves  is  fj.  Then 

(a)  a  =  b[-± — )  (b)  a  =  b[-± — ) 

U-/J  U  ~f) 


(c)  ^  =  V0 


f 


u-f 


(d)  Vj  =  Va 


f  ) 

u~f; 


<  IIT,  1987 

15.  A  thin  rod  AB  of  length /3  is  placed  along  the  axis 
of  a  concave  mirror  of  focal  length  /  such  that  its 
image  A'B'  which  is  real  and  elongated  just  touches 
the  rod.  The  magnification  produced  is  m.  Then 

(a)  A'  B'  =  —  (b)  A'  B'  =  — 

3  2 

(c)  m  =1  (d)  m  =  3/2 

<  IIT,  1991 

16.  A  quarter  cylinder  of  radius  R  is  made  of  glass  of 
refractive  index  1.5.  It  is  placed  on  a  table  and  a 
point  object  P  is  kept  at  a  distance  mR  from  it  as 
shown  in  Fig.  26.92.  The  value  of  m  for  which  a  ray 
from  P  will  emerge  parallel  to  the  table  as  shown  in 
the  figure  is 


Fig.  26.92 
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,  ,  4  3 

(a)  either  —  or  — 
3  2 


4  3 

(b)  neither  —  nor  — 
3  2 


(c)  equal  to  — 


(d)  equal  to  — 

<  IIT,  1999 


17.  Two  identical  equilateral  prisms  ABC  and  DCE, 
each  of  refractive  index  \f3  are  placed  as  shown 
in  Fig.  26.93.  A  light  ray  PQ  is  incident  on  face 
AB  at  an  angle  i.  Prism  DCE  is  fixed  at  point  C  and 
can  rotate  about  the  axis  passing  through  C  and 
perpendicular  to  the  plane  of  the  page.  The  value 
of  i  for  which  the  deviation  produced  by  the  prism 
ABC  is  minimum  is  i0.  The  angle  through  which 
the  prism  DCE  should  be  rotated  about  C  so  that 


the  final  emergent  ray  also  has  minimum  deviation 
is  0.  Then 

(a)  i0  =  45°  (b)  i0  =  60° 

(c)  9  =  45°  (d)  9  =  60° 

<  IIT,  2005 

A  D 


Fig.  26.93 


ANSWERS  AND  SOLUTIONS 

1.  The  correct  choices  are  (a)  and  (c). 

2.  All  the  four  choices  are  correct. 

3.  The  correct  choices  are  (a)  and  (b). 

4.  The  correct  choices  are  (a)  and  (c). 

5.  In  a  prism,  the  greater  the  wavelength  of  light  the 
smaller  is  the  deviation.  In  VIBGY OR,  violet  has  the 
smallest  wavelength  and  red  has  the  highest  wave¬ 
length.  Hence  the  correct  choices  are  (a)  and  (c). 

6.  The  correct  choices  are  (b),  (c)  and  (d). 

7.  In  a  prism,  the  angle  of  deviation  is  proportional  to 
the  refractive  index.  The  refractive  index  of  a  prism 
is  more  for  violet  light  than  for  red  light.  Hence  the 
correct  choices  are  (b)  and  (c). 

8.  Refer  to  Fig.  26.94.  If  O  and  /  are  the  object  and 
the  screen  respectively  and  Ll  and  L2  are  the  two 
conjugate  positions  of  the  lens,  then 


O 


Fig.  26.94 


For  lens  at  L,,  u  =  -x  = 


D-d 


and  v  = 


D  +  d 


Using  these  in  —  =  —  -  —  ,  we  get 
/  v  u 


D2  -d2 


Putting  /  =  21  cm  and  D  =  100  cm,  we  get 
d  =  40  cm. 

„ .  ._  .  v  D  +  d 

Magnification  m  =  —  = - 

u  D  —  d 


100  +  40  _  7 

100-40  3 ' 


Thus  |  m  | 


—  .  For  lens  at  L2,  |  m 


3 

—  .  So  the 
7 


correct  choices  are  (a)  and  (c). 

9.  The  frequency  of  light  never  changes  on  reflec¬ 
tion  and  refraction.  The  speed  of  light  in  a  medium 
depends  on  the  permittivity  and  permeability  of  the 
medium.  Since  the  reflected  light  travels  in  the  same 
medium  as  the  incident  light,  the  speed  of  reflected 
light  is  the  same  as  that  of  the  incident  light.  From  v 
=  v  A,  we  conclude  that  the  wavelength  of  reflected 
is  the  same  as  that  of  the  incident  light.  When  light 
falls  on  the  glass  slab,  it  is  partly  reflected  back 
into  air  and  partly  refracted  into  the  slab.  Hence 
the  intensity  of  reflected  is  always  less  than  that  of 
incident  light.  Furthermore,  when  light  travelling  in 
a  rarer  medium  is  reflected  from  the  boundary  of  a 
denser  medium,  it  undergoes  a  phase  change  of  n. 
Hence  the  correct  choices  are  (b),  (c)  and  (d). 

10.  The  speed  of  light  in  glass  is  less  than  in  air.  Since 
the  frequency  of  light  remains  the  same,  we  find 
from  v  =  v  A,  that  the  wavelength  of  refracted  light 
is  less  than  that  of  the  incident  light.  The  refracted 
light  never  undergoes  a  phase  change.  Hence  the 
correct  choices  are  (a)  and  (c). 


11.  —  =(Ju-l)x  I  =  (1.5  —  1)  x  —  =>/j  =  20cm. 
f\  R  10 


/ 


4  D 
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When  the  plane  surface  is  silvered,  the  focal  length 
is  given  by 

-1 , 2QX-1)  „  2x05-1)  0cm 

h  R  io 

Thus  the  only  correct  choice  is  (c). 

12.  For  a  plano-convex  lens  of  /u  =  1.5,  /  =  2  i?  => 
R  =/|/2  =  30  cm.  When  the  plane  surface  is  sil¬ 
vered,  the  focal  length  becomes 

r  R  30 

/=  -  =  -  =  30  cm 

2(M-1)  2(1.5 -1) 

Thus  the  correct  choices  are  (a)  and  (d). 

13.  The  correct  choices  are  (a)  and  (d). 

14.  The  concave  mirror  formula  is 

-  +  -  =  T  (1) 

v  u  J 

Since,  for  a  given  concave  mirror,  focal  length /is 
fixed,  we  partially  differentiate  Eq.  (1)  to  get 


— r  =  -  — r  =  0  or  8v  = 
vz  u2 


—  8u  (2) 
u  ) 


Multiplying  Eq.  (1)  by  u,  we  get 
U  ,  U  V  f 

-  +  1  =  -  or  -  =  — —  (3) 

V  J  U  U  —  J 

Using  Eq.  (3)  in  Eq.  (2),  we  get 

f  f  \2 

Sv  =  -  — - -  8u 

Given  8a  =  b.  Therefore 

8-o  =  -  f— ^ — 1  b  (4) 

U-/J 

The  negative  sign  shows  that  the  image  is  longitu¬ 
dinally  inverted.  The  magnitude  of  the  size  of  the 
image  is 


f  f  y 
a  =  b  — - - 

\M-f) 

Dividing  Eq.  (4)  by  St,  we  have 


f  f 

St  U  -f 


—  .  Given  —  =  V().  The  speed 
St  St  0  P 


8v  f  V 

of  the  image  is  =  —  =  -  -  V0 

St  \a  f  J 

The  negative  sign  shows  that  the  image  moves 
in  a  direction  opposite  to  that  of  the  object.  The 
magnitude  of  the  speed  of  the  image  is 


V,=  Vn 


So  the  correct  choices  are  (b)  and  (d). 

15.  Refer  to  Fig.  26.95.  A'  B'  is  the  image  of  the  rod 
AB.  B'  is  the  image  of  end  B  of  the  rod.  Given  that 
B'  coincides  with  B. 

Location  of  B':  Let  x  be  the  distance  of  point  B 
or  B'  from  the  pole  O  of  the  mirror.  Thus  u  =  -  x, 
v  =  —  x  and  /=  —  /  Using  these  in  the  spherical 
mirror  formula 

11  =  1 

v  u  f 

We  have  —  —  -  —  =  — — 


which  gives  x  =  2 f  Thus  OB  =  OB'  =  2 f 

f 

Location  ofA'\  A'  is  the  image  of  A.  Since  AB  =  —  , 

AO=y  =  2f  -  —  =  — . 

3  3 

5  f 

Thus  for  point  A,  u  =  -  y  = - —  .  The  image  dis¬ 

tance  A'O  is  obtained  from 


Fig.  26.95 
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—  +  -  =  —  or - =  — 

v  u  f  v  5  /  / 


5/  5/ 

which  gives  v  = - —  .  Thus  A'O  =  as  shown 

in  the  figure.  Therefore,  size  of  the  image  is 


A'B' 


(•.•  ray  BC  is  parallel  to  the  table)  and  R  =  -  R. 
Therefore,  we  have 

_  Ml  =  ^2  ~Mi 
u’  v'  -R 


-  R  (1.5  m  + 1)  -R 

which  gives  (1.5  m  +  1)  X  0.5  =  1.5 


The  size  of  the  object  is  AB 


f 

3 


.,  .  A'B'  // 2  3 

Magnmcation  = -  =  "777  =  — . 

AB  // 3  2 


Thus  the  correct  choices  are  (b)  and  (d). 

16.  Refer  to  Fig.  26.96  which  shows  the  ray  diagram. 
Q  is  the  image  of  P  due  to  refraction  at  the  plane 
surface.  Ray  PA  refracts  along  AB  and  appears  to 
come  from  Q  which  is  the  virtual  image  off3.  Since, 
the  radius  of  curvature  of  the  plane  surface  in  infin¬ 
ity,  we  have 


Lh  _  Hi  =  ^2  "Mi 

V  U  oo 

Here  /J.l  =  1 ,  /J2  =  1  -5,  u  =  -  mR.  Therefore, 


2  4 

or  m  =  —  =  —  . 

1.5  3 

The  only  correct  choice  is  (c). 

17.  For  minimum  deviation  in  prism  ABC,  the  ray  OR 
is  parallel  to  base  BC.  Hence 

ri  =  ri  and  r\  +  r2  =  60° 


/t  D 


Fig.  26.97 


L5  1 
v  —  rn  R 


=  0  or  v  =  —  1.5  mR 


which  give  r,  =  r2=  30° 
From  Snell’s  law, 


Fig.  26.96 

After  refraction  at  the  curved  surface,  the  ray  BC 
is  to  emerge  parallel  to  the  table.  Image  Q  serves 
as  the  object  for  the  curved  surface,  for  which  the 
object  distance  u'  =  —  (v  +  R)  =*  —  (1.5  mR  +  R)  = 
-  R  (1.5m  +  1).  The  image  distance  v'  =  -m  °° 


sin  i  =  ^  sin  rx 

=  V3  x  sin  30° 

=  ^ 

2 

which  gives  i  =  60° 

The  angle  of  emergence  e  =  60°.  If  follows  from 
Fig.  26.97  that  the  ray  RS  falls  normally  on  face  DC 
of  the  second  prism.  For  ray  RS  to  suffer  minimum 
deviation  in  the  second  prism,  the  angle  of  inci¬ 
dent  of  ray  RS  on  face  DC  must  be  60°.  Therefore, 
the  second  prism  DCE  should  be  rotated  about  C 
through  an  angle  of  60°  in  the  clockwise  or  anti¬ 
clockwise  direction. 

So  the  correct  choices  are  (b)  and  (d). 
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Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  5  are  based  on  the  following  passage 
Passage  I 

The  Compound  Microscope 

Amicroscope  is  a  device  which  is  used  to  view  tiny  objects. 
A  compound  microscope  consists  of  two  converging 
lenses  called  the  objective  and  the  eyepiece.  The  tiny 
object  to  be  examined  is  placed  just  beyond  the  first  focus 
of  the  objective.  The  position  of  the  eyepiece  is  adjusted  till 
the  image  due  to  the  objective  is  within  the  first  focus  of  the 
eyepiece.  The  highly  enlarged  final  image  is  seen  by  the  eye 
which  is  held  close  to  the  eyepiece. 

1.  In  a  compound  microscope,  the  intermediate  image 
(i.e.  image  of  the  object  due  to  the  objective)  is 

(a)  real,  inverted  and  magnified 

(b)  real,  inverted  and  diminished 

(c)  virtual,  erect  and  magnified 

(d)  virtual,  erect  and  diminished 

2.  In  a  compound  microscope,  the  final  image  is 

(a)  real,  inverted  and  magnified 

(b)  real,  erect  and  magnified 

(c)  virtual,  erect  and  magnified 

(d)  virtual,  inverted  and  magnified 

3.  The  magnifying  power  of  a  compound  microscope 
is  high  if 


(a)  both  the  objective  and  the  eyepiece  have  short 
focal  lengths. 

(b)  both  the  objective  and  the  eyepiece  have  long 
focal  lengths. 

(c)  the  objective  has  a  short  focal  length  and  the 
eyepiece  has  a  long  focal  length 

(d)  the  objective  has  a  long  focal  length  and  the 
eyepiece  has  a  short  focal  length. 

4.  The  resolving  power  of  a  compound  microscope  is 
increased  if 

(a)  light  of  a  shorter  wavelength  is  used  to 
illuminate  the  object 

(b)  the  objective  of  a  bigger  diameter  is  used 

(c)  the  objective  of  a  higher  focal  length  is 
used 

(d)  the  eyepiece  of  a  shorter  focal  length  is 
used. 

5.  If  the  aperture  of  the  objective  of  a  microscope  is 
increased, 

(a)  its  resolving  power  will  increase 

(b)  its  magnifying  power  will  decrease 

(c)  the  intensity  of  the  final  image  will  increase 

(d)  the  intensity  of  the  final  image  will  decrease 


SOLUTION 

1.  The  correct  choice  is  (a). 

2.  The  correct  choice  is  (d). 

3.  The  correct  choice  is  (a).  The  magnifying  power  is 
given  by 

M=  J' J  (for  D  »f0) 

Jo  J  e 

where  L  =  distance  between  the  objective  and  the 
eyepiece,  D  =  least  distance  of  distinct  vision,  fQ 
=  focal  length  of  the  objective  and  fe  =  focal  length 
of  the  eyepiece. 

4.  The  resolving  power  of  a  microscope  is  given  by 
(see  Fig.  26.98) 

R  p  =  2*“sin6) 


where  26=  angle  of  the  cone  of  light  rays  entering 
the  objective,  A  =  wavelength  of  light  used  to  illu¬ 
minate  the  object  and  /J  =  refractive  of  the  medium 
between  the  object  and  the  objective.  The  value  of 
6  increases  if  the  objective  of  a  bigger  diameter  AB 
is  used.  The  resolving  power  does  not  depend  on  fB 
or  fe.  Hence  the  correct  choices  are  (a)  and  (b). 


B 


Fig.  26.98 
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5.  If  the  aperture  of  the  objective  is  increased,  the 
value  of  6  increases.  Therefore,  the  light  gathering 
capacity  of  the  objective  increases.  As  a  result,  the 


intersity  of  the  image  increases.  Hence  the  correct 
choices  are  (a)  and  (c). 


Questions  6  to  10  are  based  on  the  following  passage 
Passage  II 

The  Astronomical  Telescope 

A  telescope  is  an  optical  instrument  that  is  used  to 
examine  distant  objects.  Two  types  of  telescopes  are  in 
use — refracting  and  reflecting  telescopes.  A  refracting 
astronomical  telescope  consists  of  two  converging  lenses 
called  the  objective  and  the  eyepiece.  The  objective  faces 
the  distant  object.  The  image  of  the  object  is  formed  at  the 
focal  plane  of  the  objective.  The  position  of  the  eyepiece 
is  adjusted  till  this  image  is  within  the  first  focus  of  the 
eyepiece.  A  highly  magnified  final  image  is  formed  which 
is  seen  by  the  eye  held  close  to  the  eyepiece.  If  both  the 
object  and  the  final  image  are  at  infinity,  the  telescope  is 
said  to  be  in  normal  adjustment. 

6.  In  a  refracting  astronomical  telescope,  the  interme¬ 
diate  image  is 

(a)  real,  inverted  and  magnified 

(b)  real,  inverted  and  diminished 

(c)  virtual,  erect  and  magnified 

(d)  virtual,  inverted  and  diminished 

7.  In  a  refracting  astronomical  telescope,  the  final 
image  is 

(a)  real,  inverted  and  magnified 

(b)  real,  erect  and  magnified 

SOLUTION 


(c)  virtual,  erect  and  magnified 

(d)  virtual,  inverted  and  magnified 

8.  The  magnifying  power  of  a  telescope  is  high  if 

(a)  both  the  objective  and  the  eyepiece  have  short 
focal  lengths 

(b)  both  the  objective  and  the  eyepiece  have  long 
focal  lengths 

(c)  the  objective  has  a  short  focal  length  and  the 
eyepiece  has  a  long  focal  length 

(d)  the  objective  has  a  long  focal  length  and  the 
eyepiece  has  a  short  focal  length 

9.  The  resolving  power  of  a  telescope  is  increased  if 

(a)  the  objective  of  a  bigger  diameter  is  used 

(b)  the  objective  of  a  smaller  diameter  is  used 

(c)  the  objective  of  a  higher  focal  length  is 
used 

(d)  the  eyepiece  of  a  shorter  focal  length  is 
used 

10.  If  the  aperture  of  the  objective  of  a  telescope  is 
increased, 

(a)  its  resolving  power  will  increase 

(b)  its  magnifying  power  will  decrease 

(c)  the  intensity  of  the  final  image  will  increase 

(d)  the  intensity  of  the  final  image  will  decrease. 


6.  The  correct  choice  is  (b). 

7.  The  correct  choice  is  (d). 

8.  The  magnifying  power  of  a  telescope  (if  the  object 
is  at  infinity)  is  given  by 


9. 


D  +  fe 
D 


where  D  =  least  distance  of  distinct  vision,  where  the 
final  image  is  formed.  Hence  the  correct  choice  is  (d). 


The  resolving  power  of  a  telescope  is  given  by 


1.22  A 

where  d=  diameter  of  the  objective  and  A  =  wave¬ 
length  of  light.  The  resolving  power  is  independent 
of/0  or  fe.  Hence  the  correct  choice  is  (a). 

The  correct  choices  are  (a)  and  (c). 


Questions  11  to  13  are  based  on  the  following  passage 
Passage  III 

A  ray  of  light  travelling  in  air  is  incident  at  grazing  angle 
(incident  angle  =  90°)  on  a  long  rectangular  slab  of  a 
transparent  medium  of  thickness  rtl.Om  (see  Fig.  26.99). 
The  point  of  incidence  is  the  origin  A  (0,  0).  The  medium 
has  a  variable  index  of  refraction  n(y)  given  by 

n(y)  =  (kym  +  1)1/2 


_3  j'y 

where  k  =  1.0  (metre)  .  The  refractive  index  of  air  is 

1.0. 


<  IIT,  1995 

11.  The  relation  between  the  slope  of  the  trajectory  of 
the  ray  at  the  point  B(x,  y )  in  the  medium  and  the 
incident  angle  i  at  that  point  is 


(a) 


dy  .  . 

—  =  sm  i 
dx 


(b) 


d  y 

——  =  COS  I 

dx 
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Y 


d  v  d  v 

(c)  —  =  tan  i  (d)  —  =  cot  i 

dx  dx 

12.  The  equation  of  the  trajectory  of  the  ray  in  the 

medium  is 


(a)  y  =  (xf 


13.  The  coordinate  xx  of  point  P  where  the  ray  inter¬ 
sects  the  upper  surface  of  the  air-slab  boundary  is 
(a)  x ]  =  4.0  m  (b)  x,  =  3.0  m 

(c)  X]  =  2.0  m  (d)  ij  =  1.0  m 


SOLUTION 


11.  Refer  to  Fig.  26.100.  The  variation  of  refractive 
index  is  given  by 

n(y)  =  (ky312  +  1)1/2  (1) 


because  na  =  refractive  index  of  air  =  1  and  ia  at 
A  =  90°. 

1 

or  sin  i  =  — 
n 


cot  i  = 


1  2 

n 


1/2 


,  2  , \12 
=  («  -1) 


Using  Eq.  (2)  in  Eq.  (3)  we  get 


(3) 


dy 


^  =  («z  -  1)1/2  or  I  ^ 


dx 


dy 


dx 


=  nl  -  1  (4) 


Using  Eq.  (1)  in  Eq.  (4)  we  have 

,32 


dy 

dx 


=  kyV2+\-\=kym 


It  follows  from  relation  (1)  that  the  refractive 
index  increases  in  the  slab  from  y  = 0  to  y  =  t. 
Therefore,  the  ray  SA  entering  the  slab  at  A  at  graz¬ 
ing  incidence  (i  =  90°)  keeps  bending  towards  the 
normal  as  it  progresses  in  the  slab,  following  a 
curved  path  ABP. 

If  the  angle  of  incidence  at  point  B{x,  y)  is  i,  then 
the  slope  CD  of  the  trajectory  at  B  is 

d  y 

—  =  tan  a  =  tan  (90°  -  i)  =  cot  i  (2) 


dy  ,  1/2  3/4  dy  1/2  7 

or  —  =  k  y  or  =  k  dx 

dx  y 

Integrating,  we  get 

f  %  =km  J  dx  or  4 ym  =  kmx 

y 

Given  k=  1.0.  Therefore,  we  have 


(5) 


The  correct  choice  is  (d). 

12.  If  i  is  the  angle  of  incident  at  a  point  in  the  medium 
of  refractive  index  n,  then  applying  Snell’s  law,  we 
have 

n  sin  i  =  na  sin  ia  =  lx  sin  90°  =  1 


So  the  correct  choice  is  (d). 

13.  Forpoint/’,y  =  1.0m.Usingy=  l.OminEq.  (5) we 
get  x  =  4.0  m.  Thus  the  coordinates  of  point  P  are 
X|  =  4.0  m  and  yx  =  1.0  m.  Thus  the  correct  choice 
is  (a). 
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Questions  14  to  16  are  based  on  the  following  passage 
Passage  IV 

The  x-z  plane  is  the  boundary  between  two  transparent 
media,  medium  1  with  z  >  0  has  a  refractive  index  V2  and 
medium  2  with  z  <  0  has  a  refractive  index  V3  .  A  ray  of 
light  in  medium  1  given  by  the  vector  A  =  6  \/3  i  +  8  V3 
j  -10  k  is  incident  on  the  plane  of  separation. 

<  IIT,  1999 

14.  The  angle  between  vector  A  and  the  positive 
z-direction  is 

(a)  90°  (b)  120° 

SOLUTION 


(c)  135°  (d)  150° 

15.  The  angle  of  refraction  in  medium  2  is 

(a)  30°  (b)  45° 

(c)  60°  (d)  75° 

16.  The  refracted  ray  is  given  by  Ar  =  a  i  +b  j  +ck 


where 

a  and  b  are 

(a) 

a 

=  6V3,  b  = 

8V3 

(b) 

a 

=  3  v/3,  b  = 

4V3 

(c) 

a 

=  8V3,  b  = 

6V3 

(d) 

a 

=  4V3,  b  = 

3  V3 

14.  Refer  to  Fig.  26.101.  Ray  PQ  in  x-z  plane  travel¬ 
ling  in  medium  1  (z  >  0)  is  incident  at  angle  i  on  the 
boundary  (z  =  0  plane)  and  is  refracted  along  QR  in 
medium  2  (z  <  0)  at  an  angle  of  reflection  r. 

Let  9  be  the  angle  between  vector  A  and  the  posi¬ 
tive  z-direction.  Since  k  is  the  unit  vector  along  the 
positive  z-axis,  we  have 

„  A.k 

cos  0  =  - 

I  A  I 

(6  V3  i  +  8  V3  j  - 1 0k)  •  (k) 

[(6V3)2  +(8x/3)2  -t-(-10)2  -]1/2 


which  gives  r  =  45°.  so  the  correct  choice  is  (b). 
y 


-10  1 

"20  2 

(v  1  •  k  =  j  •  k  =  0) 

which  gives  9=  120°.  which  is  choice  (b). 

15.  Therefore,  angle  of  incidence  i  =  1 80°  —0=1 80°  — 
120°  =  60°.  From  Snell’s  law, 

sin  i  _  1^2 
sin  r  /ij 

u,  V2  1 

or  sin  r  =  —  sin  i  =  sin  60°  =  — j= 
p2  V3  v2 


Fig.  26.101 

16.  Since  the  refracted  ray  lies  in  the  same  plane  as 
the  incident  wave  (which  is  the  x-y  plane),  the 
refracted  ray  will  be  given  by  the  vector 

Ar  =  a  i  +  6  j  +  c  k 

with  a  =  6  V3  and  b  =  8  73  ,  the  same  as  in  the 
incident  vector  A.  Thus 

A,.  =  6  V3  i  +  8  VJ  j  +  c  k 
This  the  corrcet  choice  is  (a). 


Questions  17  to  19  are  based  on  the  following  passage 
Passage  V 

The  radius  of  curvature  of  the  curved  face  of  a  thin  plano¬ 
convex  lens  is  10  cm  and  it  is  made  of  glass  of  refractive 
index  1.5.  A  small  object  is  approaching  the  lens  with  a 
speed  of  1  cm  s  moving  along  the  principal  axis. 

<  IIT,  2004 

17.  The  focal  length  of  the  lens  is 

(a)  5  cm  (b)  10  cm 

(c)  15  cm  (d)  20  cm 


18.  When  the  object  is  at  a  distance  of  30  cm  from  the 

lens,  the  magnitude  of  the  speed  of  its  image  is 
(a)  1  cm  s~*  (b)  2  cm  s~* 

(c)  3  cm  s~'  (d)  4  cm  s~' 

19.  When  the  object  is  at  a  distance  of  30  cm  from  the 
lens,  the  magnitude  of  the  rate  of  change  of  the 
lateral  magnification  is 

(a)  0.1  per  second  (b)  0.2  per  second 

(c)  0.3  per  second  (d)  0.4  per  second 
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SOLUTION 


17.  —  =(Ju-l)x  I  =(1.5-l)x  _L  gives/=20cm. The 

/  R  10 

correct  choice  is  (d). 

18.  Lens  formula  is  (here  u  =  —  30  cm  and /=  +  20 
cm) 

1  _A=  1 

v  u  f 


(1) 


11  1  ,  .  ,  . 

or - =  —  which  gives  v  =  60  cm 

v  -30  20 

Differentiating  (1)  with  respect  to  time  t,  we  get 


1  dv  1  du 
— v  —  +  -T-7-  =  0 
■2  dt 


v 


2  dt 


u 


or 


dv 

dt 


f„,2\ 


yu  j 


du 

dt 


or  Speed  of  image  = 


yic  j 


speed  of  object 


i'6°Y  ,  .  i 

=  —  x  1  =  4  cm  s 

JO 


which  is  choice  (d). 

19.  Linear  magnification  is  given  by 


v 

m  =  — 
u 


(2) 


Differentiating  (2)  with  respect  to  time  t,  we  have 
dm  _  v  du  +1  dv 
dt  u2  dt  u  dt 


1  (  du  dv 
=  —  \-v  —  +  u  — 
uz  V  dt  dt 


1 


(30)2 


(-60  x  l  _  30  x  4) 


=  -  0.2  per  second 
dm 

Magnitude  of  —  =  0.2  per  second. 
dt 

So  the  correct  choice  is  (b). 


# 


In  the  following  questions,  Statement- 1  (Assertion)  is  followed 
by  Statement-2  (Reason).  Each  question  has  the  following 
four  choices  out  of  which  only  one  choice  is  correct. 

(a)  Statement- 1  is  True,  Statement-2  is  True; 
Statement-2  is  a  correct  explanation  for 
Statement  1. 

(b)  Statement- 1  is  True,  Statenrent-2  is  True; 
Statement-2  is  NOT  a  correct  explanation  for 
Statement- 1. 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement-1  is  False,  Statement-2  is  True. 

1.  Statement-1 

When  a  concave  mirror  is  held  under  water,  its 
focal  length  will  increase. 

Statement-2 

The  focal  length  of  a  concave  mirror  is  independent 
of  the  medium  in  which  it  is  placed. 

2.  Statement-1 

When  a  convex  lens  is  held  under  water,  its  focal 
length  increases. 

Statement-2 

The  focal  length  of  a  lens  depends  on  the  medium 
in  which  it  is  placed. 


Statement-1 

A  convex  lens  is  made  of  glass  of  refractive  in¬ 
dex  1.45  and  its  two  faces  have  the  same  radius  of 
curvature  equal  to  R.  The  focal  length  of  the  lens 
is  more  thanR. 

Statement-2 

The  above  statement  is  false  because  the  focal 
length  of  a  lens  is  half  the  radius  of  curvature. 

4.  Statement-1 

A  ray  of  light  is  incident  at  the  glass-water  interface 
at  an  angle  i.  It  emerges  finally  parallel  to  the  sur¬ 
face  of  water  as  shown  in  Fig.  26.102.  Then 

!  Air  (,ua=1) 


Assertion-Reason  Type  Questions 

3. 
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sin  i 


Statement-2 

The  refracted  ray  follows  a  path  in  accordance  with 
Snell’s  law  of  refraction. 


SOLUTIONS 


1.  The  correct  choice  is  (d).  The  focal  length  of 
a  concave  mirror  depends  only  on  its  radius  of 
curvature. 

2.  The  correct  choice  is  (a).  The  focal  length  of  a  lens 
depends  not  only  on  the  radii  of  curvature  of  its 
faces  but  also  on  the  refractive  index  of  its  glass 
and  the  refractive  index  of  the  medium  in  which 
it  is  placed.  The  focal  length  /  of  a  convex  lens  of 
refractive  index  ji2  and  radii  of  curvature  //  and  R2 
when  placed  in  a  medium  of  refractive  index  fix  is 
given  by 


3.  The  correct  choice  is  (c).  The  focal  length  /  is 
given  by 


r0,-1) 2 3 


i  i 


- h  - 

V*l 
R 


R 


2  J 


=  (1.45  —  1)  x  - 
R 


which  gives /=  ,  i.e./is  greater  than  R. 

4.  The  correct  choice  is  (d).  For  refraction  at  glass- 
water  interface,  we  have  from  Snell’s  law 

jj.g  sin  i  =  fj.m  sin  r  (i) 

For  refraction  at  water-air  interface,  we  have 


_1_ 

7 


V2  zJ±L 

v  Ah  y 


v^l  ^2  y 


nw  sin  r  =  iiu  sin  90°  =  fia  =  1 
Using  (ii)  in  (i),  we  get 


It  is  easy  to  see  that / will  be  more  if  /J.l  is  different 
from  unity  (p,  =  1  for  air). 


jUg  sin  i  =  1  or  /ig  = 


1 

sin/ 


(ii) 


# 

Integer  Answer  Type 


1.  A  telescope  has  an  objective  of  focal  length  50  cm 
and  an  eye-piece  of  focal  length  5  cm.  The  least 
distance  of  distinct  vision  is  25  cm.  The  telescope 
is  focussed  for  distinct  vision  on  a  scale  200  cm 
away  from  the  objective.  Find  the  magnitude  of 
magnification  produced  by  the  telescope. 

<  IIT,  1980 

2.  The  convex  surface  of  a  thin  concavo-convex  lens 
of  glass  of  refractive  index  1.5  has  a  radius  of  cur¬ 
vature  1 5  cm.  The  concave  surface  has  a  radius  of 
curvature  50  cm.  The  convex  surface  is  silvered 
and  placed  on  a  horizontal  surface  as  shown  in  Fig. 
26.103.  It  is  found  that  the  image  of  a  pin  at  a  dis- 

.  100  .  ,  ,  ...  J  , 

tance  of  -  cm  is  at  the  same  place.  Find  the 

n 

value  of  n. 

<  IIT,  1981 

3.  A  ray  of  light  is  incident  at  an  angle  of  60°  on  one 
face  of  a  prism  which  has  an  angle  of  30°.  The  ray 
emerging  out  of  the  prism  makes  an  angle  of  30° 
with  the  incident  ray.  If  the  refractive  index  of  the 
material  of  the  prism  is  fl  =  \fa  ,  find  the  value  of  a. 

<  IIT,  1987 


Fig.  26.103 

4.  A  parallel  beam  of  light  travelling  in  water 
(refractive  index  =  4/3)  is  refracted  by  a  spherical 
air  bubble  of  radius  2  mm  situated  in  water.  The  im¬ 
age  is  formed  due  to  refractions  at  the  two  opposite 
surfaces  of  the  bubble.  Find  the  distance  (in  mm)  of 
the  image  from  the  centre  of  the  bubble. 

|  IIT,  1988 
4 

5.  Water  (with  refractive  index  =  — )  in  a  tank  is  1 8 

7 

cm  deep.  Oil  of  refractive  index  —  lies  on  water 
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making  a  convex  surface  of  radius  of  curvature  ‘R 
=  6  cm’  as  shown  in  Fig.  26.104.  Consider  oil  to  act 
as  a  thin  lens.  An  object  ‘S’  is  placed  24  cm  above 
water  surface.  The  location  of  its  image  is  at  ‘x’  cm 
above  the  bottom  of  the  tank.  Then  ‘x’  is 

<  IIT,  2011 


SOLUTION 


1.  For  the  objective, - =  —  .  Putting  u0  = 

vo  uo  fo 

-  200  cm,  and/0  =  50  cm,  we  get  v0  =  cm. 
Therefore,  magnification  by  the  objective  is 


v, „  200/3  1 

>n0=  —  = - =  — 

u0  -200  3 

The  negative  sign  shows  that  the  image  formed 
by  the  objective  is  inverted.  For  the  eye-piece,  we 
have 

1  1  1 


Ve  Ue  fe 

where  ve  =  -  25  cm  and  fe=5  cm.  Using  these 
25 

values,  we  get  ue= - cm.  Magnification  by  the 

eye-piece  is  ^ 


m„  = 


-25 


=  6 


ue  —  25/ 6 

Total  magnification  by  the  telescope  is 

1  , 

m  =  m0  x  me  =  —  X  6  = 
I  m  1  =  2  3 


2.  For  the  image  to  be  formed  at  the  same  place  as 
the  object,  the  ray  from  the  object,  after  refraction 
at  the  concave  surface  must  fall  normally  on  the 
silvered  convex  surface  so  that  it  retraces  its  path. 
Hence  the  image  formed  by  the  concave  surface 
must  be  situated  at  a  distance  =  the  radius  of  curva¬ 
ture  of  the  convex  surface.  Therefore  v  =  -  1 5  cm. 
For  refraction  at  the  concave  surface 


v  u 


Ezl 

R 


where  R  =  -  50  cm 


1.5  1  1.5-1  100 

=>  ““ —  =  —  =>  u  =  -  cm 

-15  u  -50  9 

Hence  n  =  9. 

3.  Given  i  =  60°,  8=  30°  and  A  =  30°.  We  have 

8=  i  +  e  -  A  (1) 

From  Eq.  (1),  we  get  30°  =  60°  +  e-  30°  or  e  =  0. 
Here  also  i  =  60°  and  8=  30°.  [see  Fig.  26.105] 


•  s 


A 


Therefore,  rx  =  /-  8=  60°  -  30°  =  30°.  Hence 

sin  i  sin  60°  r- 

u=  - = - =  v  3 

sinq  sin  30° 

Hence  the  value  of  a  =  3. 

4.  For  refraction  at  the  first  surface,  we  use  see  Fig. 
26.106] 

M2__Ah  =  /G  ~  A'i 
v  u  R 

where  =  4/3,  jj.x  =  1  and  u  =  °o  and  R  =  2  mm. 
Thus 

1  4/3  =  1-4/3 

P]  oo  2 

which  gives  vx  =  -  6  mm,  the  negative  sign  indi¬ 
cates  that  the  image  /,  is  virtual  and  is  on  the  same 
side  as  the  object  at  a  distance  of  6  mm  from  the 
first  surface. 


Fig.  26.106 
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For  refraction  at  the  second  surface,  the  image  7j 
serves  as  the  virtual  object  which  is  at  a  distance  of 
6  mm  +  4  mm  =10  mm  from  the  second  surface. 
For  this  refraction,  we  use 

Ah  _AT  =  Ah  ~ Ah 

v2  u  R 

where  u  =  10  mm  and  R  =  —  2  mm.  Thus 

4/3  _J_  =  4/3-1 

vi  -10  (-2) 

which  gives  v2  =  -  5  mm.  Therefore,  the  distance 
of  the  image  I2  from  the  centre  of  the  bubble  = 
3  mm. 

5.  If  the  incident  ray  is  in  a  medium  of  refractive  index 
//.j  and  the  refracted  ray  is  in  medium  of  refractive 
index  ji2,  then 


fh  _Ah  =  AT  —  Ah  (i) 

v2  u  R 

Applying  Eq.  (i)  at  the  air-lens  interface 

7/4 _ l_  =  7/4-1 

v  ~  (-24)  6 

=>  v  =  2 1  cm 

Applying  Eq.  (i)  at  the  lens-water  interface  (for  this 
refraction  the  object  distance  u  =  21  cm) 

4/3  7/4  _ 

v'  ~  21 

=>  v'  =  16  cm 

Hence  the  distance  of  the  final  image  from  the 
bottom  of  the  tank  =18-16  =  2  cm 


# 


Matrix  Match  Type 


1.  An  optical  component  and  an  object  S  placed  along  its  optic  axis  are  given  in  Column  I.  The  distance  between 
the  object  and  the  component  can  be  varied.  The  properties  of  images  are  given  in  Column  II.  Match  all  the 
properties  of  imges  from  Column  II  with  the  appropriate  components  given  in  Column  I. 

Column  I  Column  II 


(p)  Real  image 


(q)  Virtual  image 


(r)  Magnified  image 


(s)  Image  at  infinity 


IIT,  2009 


SOLUTION 

(a)  A  concave  mirror  forms  real,  virtual  as  well  as  magnified  image.  For  an  object  on  its  focus,  the  image  is  at  infin¬ 
ity.  Hence  the  all  the  four  choices  in  Column  II  are  correct. 

(b)  A  convex  mirror  forms  only  virtual  images.  Hence  the  correct  choice  is  (q). 

(c)  For  a  convex  lens,  all  the  four  choices  are  correct. 

(d)  The  focal  length  of  the  lens  is  given  by 


-  =  (A L 

f 


1) 


Jo 
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where  R ,  =  radius  of  curvature  of  the  first  surface  (the  one  closer  to  object  S) 

and  R2  =  radius  of  curvature  of  the  second  surface.  Rx  and  R2  are  both  positive.  Sine  R2  >  Rl,  f  is  positive,  i.e. 
the  lens  is  a  converging  lens  for  which  all  the  four  choices  are  correct. 

ANSWER 

(a)  — >  (p),  (q),  (r),  (s)  (b)  ->  (q) 

(c)  ->  (p),  (q),  (r),  (s)  (d)  ->  (p),  (q),  (r),  (s) 

2.  Two  transparent  media  of  refractive  indices  /q  and  q3  have  a  solid  lens  shaped  transparent  material  of  refractive 
index  q2  between  them  as  shown  in  figures  in  Column  II.  A  ray  traversing  these  media  is  also  shown  in  the  figure. 
In  Column  I  different  relationships  between  q2  and  q3  are  given.  Match  them  to  the  ray  diagram  shown  in 
Column  II. 

Column  I  Column  II 


(a)  Mi  <  M2 


(b)  Mi  >  M2 


(c)  M2  =  M3 


(d)  M2  >  M  i 


ANSWERS 


<  IIT,  2010 


(a)  ->  (p),  (r) 

(c)  ->  (p),  (r),  (t) 


(b)  ->  (q),  (s),  (t) 
(d)  ->  (q),  (s) 
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Explanation: 


(p)  Ray  AB  bends  towards  the  normal  on  refraction  at  face  I  of  the  lens. 
Hence  /i2  >  Mi  •  Ray  BC  goes  undeviated  on  refraction  at  face  II. 
Hence  p2  =  M3- 


(q)  Ray  AB  bends  away  from  the  normal  on  refraction  at  face  I.  Hence 
p2  <  Mi-  The  ray  BC  bends  away  from  the  normal  on  refraction  at 
face  II.  Hence  <  p2. 


ii  i 


(r)  Ray  AB  bends  towards  the  normal  on  refraction  at  face  I.  Hence 
p2>  px.  Ray  BC  goes  undeviated  on  refraction  at  face  II.  Hence 
Ms  =  M2- 


(s)  Ray  AB  bends  away  from  the  normal  on  refraction  at  face  I.  Hence 
/J2  <  /./  ]•  Ray  BC  bends  away  from  the  normal  on  refraction  at  face 
II.  Hence  <  fl2. 


(t)  Ray  AB  bends  away  from  the  normal  on  refraction  at  face  I.  Hence 
p2  <  jll .  Ray  BC  goes  undeviated  on  refraction  at  face  II.  Hence 
Ms  =  Ms  • 


REVIEW  OF  BASIC  CONCEPTS 

27.1  !  WAVE  NATURE  OF  LIGHT 

_ I _ 

Light  is  an  electromagnetic  wave  which  does  not  require  a 
material  medium  for  propagation.  The  electric  and  magnetic 
fields  vary  in  space  and  time  resulting  in  the  propagation 
of  an  electromagnetic  wave  even  in  free  space. 

The  electric  field  varies  in  space  and  time  as 

E  =  A  sin  (cot  -  kx ) 


where  xx  and  x2  are  paths  of  the  waves  up  to  point  P  where 
they  meet.  The  phase  difference  between  them  is 

A0  =  01  -  02 

=  (©!  -  CCh)t  -  (kx  xx  -  k2  x2) 


A0  =  (01  -  02 ) 

=  2n  (Vj  -  v2)t  -  2n 


V*i 


A- 


'2  J 


1.  If  the  two  waves  have  different  frequencies,  i.e.,  vx 

v2  then  Aj  ^  A,  and  A (f>  depends  on  time  t. 

2.  If  vx  =  v2,  then  Aj  =  A2.  In  this  case 


which  represents  a  wave  travelling  along  the  +  x  direction. 
A  =  amplitude,  co  =  2nv  (co  is  angular  frequency  in  rad  s  1 

2  ji 

and  v  is  frequency  in  Hz)  and  k  =  — ;  A  =  wavelength. 
Also  ^ 

-  CO 

v  =  vA  =  — 
k 

where  v  is  the  wave  velocity. 

Phase 

The  phase  0  of  a  wave  at  a  point  x  and  at  time  t  is  given 
by  the  argument  of  the  harmonic  function  (sine  or  cosine) 
representing  the  wave,  i.e. 

0  =  cot  -  kx 

Phase  Difference 

Suppose  two  waves  meeting  at  a  point  P  are  represented 
by 

Ex  =  Ax  sin  (coxt  -  kxxx) 
and  E2  =  A2  sin  {oht  -  k2x2 ) 


A0=  y  (*2-Xj) 

2  ji 

or  Phase  difference  =  —  x  (path  difference) 

A 

i.e.,  the  phase  difference  is  independent  of  time  and 
depends  only  on  the  path  difference  (x2  -  x ,  ) .  This  holds 
only  if  the  two  sources  of  wave  are  ‘coherent’,  i.e.,  they 
have  a  constant  fixed  phase  relationship. 

Intensity  The  intensity  of  a  wave  at  any  point  in  its  path  is 
proportional  to  the  square  of  its  amplitude  at  that  point. 

27.2  I  REFLECTION  AND  REFRACTION  OF  LIGHT 

When  a  light  wave  falls  on  a  reflecting  surface,  it  is  reflected 
obeying  the  usual  laws  of  reflection.  When  a  wave  travels 
from  one  medium  into  another,  its  velocity  and  wavelength 
undergo  a  change  and  the  wave  is  said  to  suffer  refraction. 
The  frequency  of  the  wave  does  not  undergo  any  change  in 
refraction  (and  reflection).  If  vx  is  the  velocity  of  the  wave 
in  the  medium  in  which  the  incident  wave  propagates  and 
v2  is  the  velocity  of  the  wave  in  the  medium  in  which  the 
refracted  wave  propagates,  then  ]  jd2,  the  reflective  index  of 
the  second  medium  with  respect  to  the  first,  is  defined  as 
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Z>2  X 2 

where  Xt  and  X2  are  the  wavelengths  of  the  same  wave 
in  the  two  media.  The  frequency  of  the  refracted  wave 
remains  the  same  as  that  of  the  incident  wave. 

When  a  wave,  travelling  in  a  rarer  medium,  is  reflected 
at  the  boundary  of  a  denser  medium,  the  reflected  wave 
suffers  a  phase  change  of  180°  (or  7T  radians)  in  relation 
to  that  of  the  incident  wave.  No  phase  change  occurs  if  a 
wave,  travelling  in  a  denser  medium,  is  reflected  at  the 
boundary  of  a  rarer  medium.  The  refracted  wave,  in  both 
cases,  does  not  undergo  any  phase  change. 

27.3  j  INTERFERENCE  OF  LIGHT _ 

When  two  or  more  light  waves  meet  (or  superpose)  at  a 
point  in  a  medium,  the  electric  field  of  the  resultant  wave 
can  be  obtained  by  using  the  principle  of  superposition 
which  states  that  the  resultant  electric  field  is  given  by 
the  algebraic  sum  of  the  individual  electric  fields,  at  that 
point,  due  to  the  individual  waves,  i.e., 

E  =  Ex  +  E2  +  ••• 

resulting  in  a  change  in  amplitude  (and  hence  in  intensity) 
at  that  point.  The  phenomenon  in  which  the  intensity  of 
light  at  a  point  is  modified  by  the  superposition  of  two  or 
more  waves  is  known  as  interference. 

If  two  waves  of  intensities  f  and  /2,  differing  in  phase 
by  < p ,  superpose,  the  resultant  intensity  is  given  by 

/  =  I\  +  I2  +  2  ylff  cos  (p 

Constructive  Interference  The  resultant  intensity  /  is  max¬ 
imum  if  cos  (p  =  +  1,  i.e. 

( p  =  2mr, 

where  n  =  0,  1,  2,  3,  ...  etc.  is  an  integer 
2nA 

or  -  =  2nn 

X 

or  A  =  nX 

where  A  is  the  path  difference  between  the  interfering 
waves.  Then 


The  interference  is  said  to  be  constructive.  If  the 
two  interfering  waves  have  equal  intensities  f  =  /2  = 
70,  then 

Atuix  —  ^  A) 


Destructive  Interference  The  resultant  intensity  /  is  mini¬ 
mum  if  cos  (p  =  -  1 ,  i.e. 

<p  =  (2  n  -  1 )  n 

and  A=  (n--jX  ;  n  =  1,  2,  3,  . etc. 

Then 

-Anin  =  h  +  h  ~  2IiI2 

=  (4h-4h)2 

At  maxima,  the  waves  reinforce  each  other  and  at 
minima  they  cancel  out  each  other.  These  maxima  and 
minima  constitute  the  bright  and  dark  fringes. 

27.4  j  COHERENT  LIGHT  SOURCES _ 

The  resultant  intensity  of  light  at  a  point  on  the  screen 
depends  on  the  phase  difference  (< p )  between  the  two 
interfering  waves.  This  phase  difference  depends  upon 
two  factors — (1)  the  initial  phase  difference  between 
the  waves  emitted  by  the  two  sources  and  (2)  the  phase 
difference  resulting  from  the  path  difference  for  that 
point.  The  initial  phase  difference  depends  upon  the  time 
and  hence  remains  constant  only  for  about  10  s  to  10  10 
second.  Thus  the  resultant  intensity  changes  so  rapidly 
with  time  that,  due  to  persistence  of  vision,  we  are  unable 
to  see  the  interference  pattern.  Thus,  non-coherent  sources 
cannot  produce  sustained  interference  effects.  We  con¬ 
clude  that,  for  a  steady  interference  pattern,  the  following 
two  conditions  must  be  satisfied. 

1.  The  sources  must  be  coherent. 

2.  The  wavelength  of  the  interfering  waves  must  be 
the  same.  Thus,  only  monochromatic  coherent  light 
sources  produce  observable  interference  pattern. 

27.5  j  YOUNG'S  DOUBLE  SLIT  EXPERIMENT 

Monochromatic  light  from  a  source  slit  S  illuminates 
two  slits  .S' |  and  S2  which  are  very  close  together  and 
equidistant  from  S  (Fig.  27.1). 


Fig.  27.1 

Secondary  waves  from  .S)  and  S2  interfere  giving  rise 
to  bright  and  dark  fringes  on  the  screen.  There  is  bright 
fringe  at  centre  P0  of  the  screen. 
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(i)  The  distance  of  the  nth  bright  fringe  from  the  centre 
of  the  fringe  system  is 

nXD 


yn 


n  =  0,  1,2,  ...  etc. 


where  A  =  wavelength  of  light  used,  d  =  seperation 
between  slits  S1  and  S2  and  D  =  distance  between 
the  screen  and  the  plane  of  the  two  slits. 

(ii)  The  distance  of  the  nth  dark  fringe  from  the  centre 
of  the  fringe  system  is 


,  (  n  xd 

yn-y1  2)  d  ;  n  -  h  2,  3,  ... 


etc 


(iii)  The  separation  between  two  consecutive  bright 
or  dark  fringes  is  called  fringe  width  (/J)  which  is 
given  by 

p-™ 

d 

(iv)  Angular  separation  between  nth  bright  fringe  and 
the  central  fringe  is 

Q  =  —  =  —  ;  9  is  in  radian. 

"  D  d  " 

(v)  Angular  separation  between  nth  dark  fringe  and  the 
central  fringe  is 

HB 

27.6  |  DISPLACEMENT  OF  FRINGES _ 

If  a  transparent  plate  of  thickness  t  and  refractive  index  Li 
is  introduced  in  the  path  of  one  of  the  interfering  waves, 
the  entire  fringe  pattern  is  shifted  by  a  distance 

To  ®  (A*  -  !)  , 

d 


Number  of  fringes  shifted  = 


(^-1  )t 
A 


27.7  -  DIFFRACTION  AT  A  SLIT 


When  a  parallel  beam  of  monochromatic  light  falls 
normally  on  a  narrow  slit,  the  diffraction  pattern  on  a  screen 
has  a  bright  central  maximum  bordered  on  both  sides  by 
secondary  maxima  of  rapidly  decreasing  intensity. 

If  A  is  the  wavelength  of  light  and  a  is  the  width  of  the 
slit,  then 

3/1  5/L 

(i)  For  bright  fringes  :  sin  9=  0,  — , —  , ...  etc 

2a  2 a 

(ii)  For  dark  fringes  :  sin  9=  ...  etc 

a  a  a 


2A 

(iii)  Angular  width  of  central  maximum  =  — 

a 

2 /'A 

(iv)  Linear  width  of  central  maximum  =  - ,  where 

a 

/=  focal  length  of  the  convex  lens  placed  close  to 
the  slit. 
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SOME  IMPORTANT  POINTS  ABOUT 
INTERFERENCE  OF  LIGHT 


( 1 )  In  Young’s  double  slit  experiment,  if  monochromat¬ 
ic  light  is  replaced  by  white  light  then  central  fringe 
will  be  white;  all  other  fringes  will  be  coloured. 
White  light  consists  of  colours  between  violet  and 
rad  (VIBGYOR).  Wavelength  A  is  the  shortest  for 
violet  light  and  longest  for  red  light.  At  the  central 
fringe,  the  path  difference  for  all  colours  is  zero. 
Hence  at  the  central  fringe,  all  colours  superpose 
to  give  a  white  fringe.  The  first  bright  fringe  after 
the  central  fringe  will  be  violet  colour. 

(2)  In  Young’s  double  slit  experiment,  if  one  of  the  slits 
is  covered  with  a  transparent  film  or  sheet  of  thick¬ 
ness  t  and  refractive  index  then 

(a)  the  path  difference  at  the  centre  of  the  screen 
will  not  be  zero,  it  will  be  equal  to  (fJL  -  1  )t. 

(b)  the  entire  fringe  pattern  will  shift  by  an 

(u-\)tD 

amount  y0  =  - — . 

d 

(c)  at  the  centre  of  the  screen  there  will  be  a 
bright  fringe  if  {fi  -  1)  t  -  «A;  n  =  1,  2,  3, 
...  etc. 

(d)  At  the  centre  of  the  screen  there  will  be  a 
dark  fringe  if 


(  1  , 

(H  -  1  )t  =  I  n-  -  |  A;  n  =  1,  2,  3, 


..  etc. 


(e)  the  fringe  width  will  remain  the  same. 

(f)  the  intensity  of  light  from  the  covered  slit  will 
decrease  due  to  absorption  by  the  film  or  sheet. 
Hence  intensity  of  bright  fringes  will  decrease 
and  dark  fringes  will  have  some  finite  intensity 
(because  the  two  interfering  beam  do  not  now 
have  equal  intensity).  Hence  the  fringe  pattern 
will  become  less  distinct. 

(3)  If  one  of  the  slits  in  Young’s  double  slit  experiment 
is  closed  (or  covered  with  black  paper),  the  inter¬ 
ference  pattern  is  replaced  by  single  slit  diffraction 
pattern  which  has  a  bright  central  fringe  bordered 
on  both  sides  by  fringes  of  decreasing  intensity. 

(4)  If  Young’s  interference  experiment  is  performed 
in  still  water  rather  than  in  air,  the  fringe  width 
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will  decrease.  Since  the  refractive  index  of  water 
is  greater  than  that  of  the  air,  the  speed  of  light  in 
water  ( v )  will  be  less  than  that  in  air  (c).  Since  the 

v 

frequency  of  light  is  the  same  in  all  media,  Aw  =  — 

and  Aa  =  -  which  give  —  =  -  =  — . 

v  K  c  pw 


Now  pw  =  4/3.  Hence  Aw  <  A0.  Fringe  width  /3  °c  A. 
Hence  {5  in  water  <  /j  in  air. 

(5)  In  Young’s  interference  experiment,  if  the  beam  of 
light  has  two  wavelengths  A(  and  A,,  their  maxima 
will  coincide  if  nlkl  =  «2A 2,  where  nx  and  n2  are 
integers. 

(6)  In  an  interference  experiment  if  the  two  coherent 
light  sources  have  intensities  in  the  ratio  n  :  1,  i.e. 

—  =  n,  then  the  ratio  of  the  intensity  of  maxima 

h 

and  minima  in  the  interference  pattern  is 


2 

(  r  ,  ,  v2 
y/n  + 1 

s^-lJ 

(7)  In  an  interference  experiment  with  two  coher¬ 
ent  light  sources,  if  the  ratio  of  the  intensities  of 
maxima  and  minima  in  the  interference  pattern  is 

,  .  ^ max  ,  „  ,  .  .  „ 

n  :  1,  i.e.  ~  =  n,  then  ratio  ot  the  intensities  ot 

1  min 

the  coherent  sources  is 


(8)  In  an  interference  experiment,  if  the  two  coherent 
sources  have  intensities  in  the  ratio  n  :  1 ,  then  in  the 
interference  pattern 


Anax  ^  m  i  n 
Anax  Anin 


(«  + 1) 


(9) 


The  intensity  of  light  emerging  from  a  slit  is  pro¬ 
portional  to  its  width.  If  the  two  slits  in  Young’s 
interference  experiment  have  widths  in  the  ratio 


,  ,  h 

n  :  1 ,  then  ,  =  n  and 


Anax 

Anin 


(  r  ,  \  \2 

\}n  + 1 


(10)  In  Young’s  double  slit  experiment  (Fig.  27.1),  if  x 
is  the  width  of  the  source  slit  S  and  X  its  distance 
from  the  plane  of  the  slits,  the  interference  fringes 
will  not  be  seen  (because  the  interference  pattern 
becomes  indistinct)  if  the  condition 

x  A 

X  d 


is  not  satisfied. 


27.9  :  RESOLVING  POWER 

_ I _ 

Resolving  power  of  an  optical  instrument  is  its  ability  to 
produce  distinctly  separate  images  of  two  objects  very 
close  together. 

(a)  Resolving  power  of  a  microscope 

Rp  =  2^  sin  0 
1.22A 

where  26=  angle  of  the  cone  of  light  rays  entering  the 
objective  of  the  microscope  (Fig.  27.2),  p  =  refrac¬ 
tive  index  of  the  medium  between  the  object  and 
the  objective  and  A  =  wavelength  of  light  used  to 
illuminate  the  object. 

Objective 


(b)  Resolving  power  of  a  telescope 


R.P. 


D 


1.22A 
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where  D  =  diameter  of  objective  and  A  =  wave¬ 
length  of  light 

27.10  ;  POLARIZATION  OF  LIGHT _ 

The  phenomena  of  reflection,  refraction,  interference  and 
diffraction  are  common  on  both  transverse  and  longitudinal 
waves,  mechanical  as  well  as  electromagnetic.  The 
distinguishing  feature  is  that  only  transverse  waves  can 
be  polarized. 

In  an  unpolarized  light,  the  electric  field  vector  has 
all  the  possible  orientations  in  a  plane  perpendicular  to 
the  direction  of  propagation.  When  this  light  is  passed 
through  a  specially  cut  crystal  of  calcite  or  quartz,  called 
a  polaroid,  we  obtain  a  plane  polarized  light. 

Only  transverse  waves  can  be  polarized.  Longitudinal 
waves  cannot  be  poarlized. 

Polarization  by  Reflection:  Brewster’s  Angle 

In  1808,  the  French  physicist  Brewster  discovered  that 
when  a  beam  of  ordinary  unpolarized  light  is  incident  at  a 
particular  angle  ip  on  the  surface  of  a  transparent  medium, 
the  reflected  light  is  polarized. 


Fig.  27.3  Polarization  by  reflection;  ip  is  Brewster’s  angle 

Figure  27.3  shows  an  unpolarized  light  incident  at  an 
angle  ip  at  the  surface  of  glass.  Brewster  discovered  that 
when  i  =  ip,  the  reflected  and  refracted  rays  are  exactly 
90°  apart.  The  angle  ip  when  this  happens  is  called  the 
polarizing  or  the  Brewster  angle.  If  rp  is  the  corresponding 
angle  of  refraction,  then  from  the  geometry  of  Fig.  27.3. 

ip  +  >'p=  90°  or  rp  =  90°  -  ip 
Now  from  Snell’s  law,  the  refractive  index  of  glass  is 

sin  ip  sin  ip 

n  =  -  =  - 

sin  rp  sin(90°-/p) 

sin^ 

=  r~  =  tan  i„ 
cos  ip  p 

n  =  tan  i 

This  equation  is  called  the  Brewster  law  and  the  special 
angle  satisfying  this  equation  is  the  Brewster  angle. 


EXAMPLE  27.1 


In  Young’s  double-slit  experiment,  the  intesity  of 
light  at  a  point  on  the  screen  where  the  path  differ¬ 
ence  is  A  is  XT  units.  What  is  the  intensity  of  light  at 
a  point  where  the  path  difference  is  A/3;  A  being  the 
wavelength  of  light  used? 


SOLUTION 


Path  difference  A  =  A.  Therefore,  phase  difference 
2  n 

<j>  =  —  A  =  2  k.  Hence  intensity  at  a  point  where 
A 

A  =  A  or  (f>  =  27T  is 

=  h  +  h  +  2  2  cos  (j) 

=  I\  +  I2  +  2 'J l \l 2  cos  2 n 

=  I\  +  l2  +  2  -\j l \  1 2 
=  I  +  I  +  21  =  41  =  K  units 

(v  /,  =  /2  =  /) 


i.e.  /  =  Kl 4.  The  intensity  at  a  point  where  the  path 
difference  is 


.,  A  ,,  2  n 

A  =  —  or  <h  =  —  A 
3  v  A 


2  n  A 

—  x—  = 
A  3 


2k 


is 


/'  =  /  +  /  +  21  cos 


2n 

T 


=  2 1-1  =  1=  —  units 
4 


EXAMPLE  27.2 


Two  coherent  sources  of  intensity  ratio  100  :  1, 
interfere.  What  is  the  ratio  of  the  intensity  between 
the  maxima  and  minima  in  the  interference  pattern? 


SOLUTION 


Given  IXII2  =  100,  i.e.  Tj  =  100  units  and 
I 2  =  1  unit. 

Intensity  at  maxima  is 

/  =  /,  +  I 2  +  2  sjlil 2 

=  100  +  1  +  2Vl00xl  =  121 


Intensity  at  minima  is 

/'=/,+  /2  -  2  =  81 


7  ^  121  1.49 

V  81 
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EXAMPLE  27.3 


I  In  Young’s  double  slit  experiment,  the  slits  are  sepa¬ 
rated  by  by  0.28  mm  and  the  screen  is  placed  1.4  m 
away.  The  distance  between  the  fourth  bright  fringe 
and  the  central  bright  fringe  is  measured  to  be  1.2 
cm.  What  is  the  wavelength  of  light  used  in  the  ex¬ 
periment? 


SOLUTION 


The  position  of  the  nth  bright  fringe  with  respect  to 
the  central  fringe  is  given  by 

nXD 


where 


=>  49  =  Ax+n2  ^  7 

9  U-U  3 

which  gives  x  =  —  .  Therefore 


x  +  l 
x  —  1 


A 

^2 


x2  = 


25 

4 


For  the  central  bright  fringe  (n  =  0),  y0  =  0.  For  the 
fourth  bright  fringe  (n  =  4),  y4  =  4  XD/d.  Therefore 


4  XD  .  .  ,  d 

T4  -To  =  —7-  or  X=  (y4-y0)  — 
d  4  D 


(i) 


It  is  given  that  (y4  —  y0)  =  1 .2  cm  =  1 .2  x  1(T2  m,  D  = 
1.4  m  and  d=  0.28  mm  =  0.28  X  10-3  m.  Substituting 
these  values  in  (i)  and  solving,  we  get 
X  =  6  x  1CT7  m(or  600  nm  or  6000  A). 


EXAMPLE  27.4 


The  ratio  of  the  intensities  of  the  maxima  and  minima 
in  an  interference  pattern  is  49  :  9.  What  is  the  ratio  of 
the  intensities  of  the  two  coherent  sources  employed 
in  the  interference  experiment? 


EXAMPLE  27.5 


In  Young’s  double  slit  experiment,  find  the  ratio  of 
the  intensities  at  points  P  and  Q  on  the  screen  where 
the  path  difference  between  the  interfering  waves  is 
X 

(a)  zero  and  (b)  — ,  where  X  is  the  wavelength  of 
light  used. 


SOLUTION 


where 


/  =  /1  +  /2  +  2  \/AA>  cos  (j) 

</>  =  •  a  =  path  difference 


In  Young’s  experiment  /,  =  /2  =  70.  Therefore, 


I  =  I0  +  I0  +  21  q  cos  <p 


SOLUTION 


I  Given 
and 


Anax 
An  i  n 


49 

9 

/,  +  /2  +  2  \fxJ2 

h  +  I2- 2  s[hh 

h  +  A  +  XI2 
A  +/2  - 7 A iA 


For  A 

h 

For  A 

h 

h 

h 


2/0  (1  +  cos  <j) ) 

0,  (p  =  0°.  Hence 
2/0  (1  +  cos  0°)  =  4/0 


X 

In 

X  _ 

(p  =  — x 

— .  Hence 

4  ’ 

X 

4  ~ 

2 

2/0 

f 1  +  cos  — 

1- 

2/0 

u  A  2A 

2 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  Monochromatic  light  of  wavelength  X  in  air  is  re¬ 
fracted  into  a  glass  slab  of  refractive  index  /i.  The 
wavelength  of  light  in  glass  is 


(a)  X 

(b) 

(c)  - 

(d) 

luX 

X 
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2.  Young’s  double  slit  experiment  is  first  performed  in 
air  and  then  in  a  liquid.  It  is  observed  that  the  10th 
bright  fringe  in  liquid  is  replaced  by  8th  dark  fringe 
in  air.  The  refractive  index  of  the  liquid  is 


(a)  | 

<b,  i 

3 

M  f 

<d)  » 

17 

In  Young’s 

double  slit  experiment,  the  fringes  are 

displaced  by  a  distance  y  when  a  glass  plate  of  re¬ 
fractive  index  1.5  is  introduced  in  the  path  of  one 
of  the  interfering  beams.  If  this  plate  is  replaced  by 
another  plate  of  the  same  thickness  but  of  refractive 
index  1 .75,  the  fringes  will  be  displaced  by 

<b)  & 

3 

< 

6y 

(d)  y 

4.  Young’s  double  slit  experiment  is  performed  using 
monochromatic  light  of  wavelength  A.  The  separa¬ 
tion  between  the  slits  is  d  =  50  A  and  the  distance 
between  the  screen  and  the  slits  is  D  =  1000  A.  If  70 
is  the  intensity  of  each  interfering  beam,  the  intensity 
at  the  point  on  the  screen  directly  in  front  of  one  of 
the  slits  is 


(a) 

k 

2 

(b)  h 

(c) 

2/0 

(d)  4/0 

5.  What  will  happen  if  one  of  the  slits  in  Young’s 
double  slit  experiment  is  covered  with  cellophane 
paper  which  absorbs  a  fraction  of  the  intensity  of 
light  from  the  slit? 

(a)  The  fringe  width  will  decrease 

(b)  The  fringes  will  become  more  distinct 

(c)  The  bright  fringes  will  become  less  bright  and 
the  dark  fringes  will  not  be  completely  dark 

(d)  No  fringes  will  be  observed 

6.  In  Young’s  double  slit  experiment,  if  the  slit  widths 
are  in  the  ratio  of  1  :  2,  the  ratio  of  the  intensities  at 
minima  and  maxima  will  be 

(a)  1:2  (b)  1:3 

(c)  1  :  4  (d)  1  :  9 

7.  In  Young’s  double  slit  experiment,  the  two  slits  act 
as  coherent  sources  of  equal  amplitude  A  and  of 
wavelength  A.  In  another  experiment  with  the  same 
set  up,  the  two  slits  are  sources  of  equal  amplitude 
A  and  wavelength  A  but  are  incoherent.  The  ratio 
of  the  intensity  of  light  at  the  midpoint  of  the  screen 
in  the  first  case  to  that  in  the  second  case  is 


(a)  1  :  1  (b)  1  :  2 

(c)  2  :  1  (d)  :  1 

8.  How  is  the  interference  pattern  affected  if  the 
Young’s  experiment  was  performed  in  still  water 
than  in  air? 

(a)  Fewer  fringes  will  be  visible 

(b)  Fringes  will  be  broader 

(c)  Fringes  will  be  narrower 

(d)  No  fringes  will  be  observed. 

9.  How  is  the  interference  pattern  in  Young’s  experi¬ 
ment  affected  if  one  of  the  slits  is  covered  with 
black  opaque  paper? 

(a)  The  bright  fringes  become  fainter 

(b)  The  fringe  width  decreases 

(c)  There  will  be  uniform  illumination  all  over 
the  screen 

(d)  There  will  be  a  bright  central  fringe  bor¬ 
dered  on  both  sides  by  fringes  of  decreasing 
intensity. 

10.  What  is  the  effect  on  the  interference  fringes  in 
Young’s  double  slit  experiment  if  the  source  slit  is 
moved  closer  to  the  double  slit  plane? 

(a)  The  fringe  width  increases 

(b)  The  fringe  width  decreases 

(c)  The  fringes  become  more  distinct 

(d)  The  fringes  become  less  distinct. 

11.  What  is  the  effect  on  the  interference  fringes  in 
Young’s  double  slit  experiment  if  the  width  of  the 
source  slit  is  increased? 

(a)  The  fringe  width  increases 

(b)  The  fringe  width  decreases 

(c)  The  fringes  become  more  distinct 

(d)  The  fringes  become  less  distinct. 

12.  What  is  the  effect  on  the  interference  fringes  in 
Young’s  double  slit  experiment  if  the  widths  of  the 
two  slits  are  increased? 

(a)  The  fringe  width  increases 

(b)  The  fringe  width  decreases 

(c)  The  bright  fringe  are  equally  bright  and 
equally  spaced 

(d)  The  bright  fringes  are  no  longer  equally  bright 
and  equally  spaced. 

13.  In  Young’s  double  slit  experiment  the  slits  are 
0.5  mm  apart  and  interference  is  observed  on  a 
screen  placed  at  a  distance  of  100  cm  from  the  slits. 
It  is  found  that  the  9th  bright  fringe  is  at  a  distance 
of  9.0  mm  from  the  second  dark  fringe  from  the 
centre  of  the  fringe  pattern.  What  is  the  wavelength 
of  light  used. 
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(a)  2000  A  (b)  4000  A 

(c)  6000  A  (d)  8000  A 

14.  A  screen  is  placed  at  a  certain  distance  from  a 
narrow  slit  which  is  illuminated  by  a  parallel  beam 
of  monochromatic  light.  What  will  you  observe 
if  you  scan  the  screen  with  the  help  of  a  micro¬ 
scope? 

(a)  The  whole  screen  is  uniformly  illuminated. 

(b)  Equally  spaced  and  equally  bright  fringes  are 
observed. 

(c)  One  bright  fringe  is  observed  at  the  centre  of 
the  screen. 

(d)  A  bright  central  fringe  bordered  on  both 
sides  with  fringes  of  rapidly  decreasing 
intensity  will  be  observed. 

15.  If  the  wavelength  of  light  used  in  the  experiment 
above  is  A  and  if  d  is  the  width  of  the  slit,  what  is 
the  angular  width  of  the  central  maximum? 

(a)  sin-1  (X/d)  (b)  2  sin1  (X/d) 

(c)  sin^1  (2 X/d)  (d)  sin1  (A/2 d) 

16.  A  single-slit  diffraction  pattern  is  obtained  using  a 
beam  of  red  light.  What  happens  if  the  red  light  is 
replaced  by  blue  light? 

(a)  There  is  no  change  in  the  diffraction  pattern. 

(b)  Diffraction  fringes  become  narrower  and 
crowded  together. 

(c)  Diffraction  fringes  become  broader  and  far¬ 
ther  apart. 

(d)  The  diffraction  pattern  disappears. 

17.  A  parallel  beam  of  light  of  wavelength  6000  A  is 
incident  normally  on  a  slit  of  width  0.2  mm.  The 
diffraction  pattern  is  observed  on  a  screen  which  is 
placed  at  the  focal  plane  of  a  convex  lens  of  focal 
length  50  cm.  If  the  lens  is  placed  close  to  the  slit, 
the  distance  between  the  minima  on  both  sides  of 
the  central  maximum  will  be 

(a)  1  mm  (b)  2  mm 

(c)  3  mm  (d)  4  mm 

18.  In  Young ’s  double  slit  experiment  the  distance  d  be¬ 
tween  the  slits  5)  and  S2  is  1 .0  mm.  What  should  the 
width  of  each  slit  be  so  as  to  obtain  10  maxima  of 
the  two  slit  interference  pattern  within  the  central 
maximum  of  the  single  slit  diffraction  pattern? 

(a)  0.1  mm  (b)  0.2  mm 

(c)  0.3  mm  (d)  0.4  mm 

19.  Monochromatic  light  is  refracted  from  air  into  glass 
of  refractive  index  q.  The  ratio  of  the  wavelengths 
of  the  incident  and  refracted  waves  is 

(a)  1  :  1  (b)  1  :  q 

(c)  q  :  1  (d)  q2  :  1 


20.  In  Young’s  double  slit  experiment,  the  intensity  of 
the  maxima  is  /.  If  the  width  of  each  slit  is  doubled 
the  intensity  of  the  maxima  will  be 

(a)  (b)  / 

(c)  2  1  (d)  4  / 

21.  In  Young’s  double  slit  experiment,  the  10th  max¬ 
imum  of  wavelength  Aj  is  at  a  distance  y]  from 
its  central  maximum  and  the  5th  maximum  of 
wavelength  A2  is  at  a  distance  y2  from  its  central 
maximum.  The  ratio  y\!  y2  will  be 


(a) 

(c) 


2  At 
A2 

A_ 

2  A2 


(b) 


2  A2 

Ai 


(d) 


2  At 


22.  White  light  is  used  to  illuminate  the  two  slits  in 
Young’s  double  slit  experiment.  The  separation  be¬ 
tween  the  slits  is  d  and  the  distance  between  the 
screen  and  the  slit  is  D  (»  d).  At  a  point  on  the 
screen  directly  in  front  of  one  of  the  slits,  certain 
wavelengths  are  missing.  The  missing  wavelengths 
are  (here  m  =  0,  1,2,  ...  is  an  integer) 


(a)  A  = 
(c)  A  = 


d2 

(2m  + 1  )D 
d2 

(m  +  1)D 


(b)  A  = 
(d)  A  = 


(2m  + 1  )d2 
D 

(m  + 1  )d~ 
D 


33.  In  Young’s  double  slit  experiment  using  two  iden¬ 
tical  slits,  the  intensity  of  the  maximum  at  the 
centre  of  the  screen  is  I.  What  will  be  the  inten¬ 
sity  at  the  centre  of  the  screen  if  one  of  the  slits  is 
closed? 


(a) 

/ 

(b) 

(c) 

/ 

4 

(d) 

/ 

2 

none  of  these 


24.  A  mixture  of  violet  light  of  wavelength  3800  A 
and  blue  light  of  wavelength  4000  A  is  incident 
normally  on  an  air  film  of  0.00029  mm  thickness. 
The  colour  of  the  reflected  light  is 

(a)  red  (b)  blue 

(c)  violet  (d)  green 

25.  Light  of  wavelength  A  is  incident  on  a  slit  of  width 
d.  The  resulting  diffraction  pattern  is  observed  on 
a  screen  at  a  distance  D.  The  linear  width  of  the 
principal  maximum  is  equal  to  the  width  of  the  slit 
if  D  equals 
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(a) 

(c) 


d 

A 

2A 


(b) 

(d) 


26.  Two  waves  of  intensities  /  and  4/  superpose,  then 
the  maximum  and  minimum  intensities  are 


(a)  51,  3/  (b)  91,  I 

(c)  91,  3/  (d)  51,  I 

<  IIT,  1982 

27.  Electromagnetic  radiation  of  frequency  n,  wave¬ 
length  A,  travelling  with  velocity  v  in  air,  enters 
a  glass  slab  of  refractive  index  /j..  The  frequency, 
wavelength  and  velocity  of  the  wave  in  glass  slab 
respectively  are 


(a)  -  -  - 
B  B  B 

(c)  n.  A,  — 

B 


,, ,  A  v 

(b)  n, 

B  B 

,,,  n  A 
(d)  v 

B  B 


28.  A  beam  of  light  of  wavelength  600  nm  from  a 
distant  source  falls  on  a  single  slit  1.0  mm  wide 
and  the  resulting  diffraction  pattern  is  observed 
on  a  screen  2  m  away.  The  distance  between  the 
first  dark  fringes  on  either  side  of  the  central  bright 
fringe  is 

(a)  1.2  cm  (b)  1.2  mm 

(c)  2.4  cm  (d)  2.4  mm 

<  IIT,  1994 

29.  A  parallel  beam  of  monochromatic  light  is  incident 
normally  on  a  narrow  slit.  A  diffraction  pattern  is 
formed  on  a  screen  placed  perpendicular  to  the 
direction  of  the  incident  beam.  At  the  first  minimum  of 
the  diffraction  pattern,  the  phase  difference  between 
the  rays  coming  from  the  two  edges  of  the  slit  is 

(a)  zero  (b)  ^ 

(c)  n  (d)  2n 

<  IIT,  1998 

30.  A  string  of  length  0.4  m  and  mass  10~2  kg  is  rigidly 
clamped  at  its  ends.  The  tension  in  the  string  is 
1 .6  N.  Identical  wave  pulses  are  produced  at  one 
end  at  equal  intervals  of  time  At.  The  minimum 
value  of  At  which  allows  constructive  interference 
between  successive  pulses  is 

(a)  0.05  s  (b)  0.10  s 

(c)  0.20  s  (d)  0.40  s 

<  IIT,  1998 

31.  Yellow  light  is  used  in  a  single  slit  diffraction 
experiment  with  a  slit  of  width  0.6  mm.  If  yellow 


light  is  replaced  by  X-rays,  then  the  observed 
pattern  will  reveal 

(a)  that  the  central  maximum  is  narrower 

(b)  more  number  of  fringes 

(c)  less  number  of  fringes 

(d)  no  diffraction  pattern 

<  IIT,  1999 

32.  In  Young’s  double  slit  interference  experiment  the 
wavelength  of  light  used  is  6000  A.  If  the  path 
difference  between  waves  reaching  a  point  P  on  the 
screen  is  1.5  microns,  then  at  that  point  P: 

(a)  Second  bright  band  occurs 

(b)  Second  dark  band  occurs 

(c)  Third  dark  band  occurs 

(d)  Third  bright  band  occurs 

33.  The  difference  in  the  number  of  wavelengths,  when 
yellow  light  (of  wavelength  6000  A  in  vacuum) 
propagates  through  air  and  vacuum  columns  of  the 
same  thickness  is  one.  If  the  refractive  index  of  air 
is  1.0003,  the  thickness  of  the  air  column  is 

(a)  1.8  mm  (b)  2  mm 

(c)  2  cm  (d)  2.2  cm 

34.  The  maximum  number  of  possible  interference 
maxima  for  slit-separation  equal  to  twice  the  wave¬ 
length  in  Young’s  double  slit  experiment  is 

(a)  infinite  (b)  five 

(c)  three  (d)  zero 

35.  An  electromagnetic  wave  of  frequency  v  =  3.0 
MHz  passes  from  vacuum  into  a  dielectric  medium 
of  relative  permittivity  er  =  4.0.  Then 

(a)  wavelength  is  doubled  and  the  frequency 
remains  unchanged. 

(b)  wavelength  is  doubled  and  frequency 
becomes  half 

(c)  wavelength  is  halved  and  frequency  remains 
unchanged 

(d)  wavelength  and  frequency  both  remain 
unchanged 

36.  Two  beams  of  light  having  intensities  /  and  41 
interfere  to  produce  a  fringe  pattern  on  a  screen. 
The  phase  difference  between  the  beams  is  n/2  at 
point  A  and  n  at  point  B.  Then  the  difference  be¬ 
tween  the  resultant  intensities  at  A  and  B  is 

(a)  21  (b)  41 

(c)  51  (d)  7/ 

<  IIT,  2001 

37.  A  double  slit  apparatus  is  immersed  in  a  liquid 
of  refractive  index  1.33.  It  has  slit  separation  of 
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1  mm  and  distance  between  the  plane  of  slits  and 
screen  1.33  m.  The  slits  are  illuminated  by  a  parallel 
beam  of  light  whose  wavelength  in  air  is  6300  A. 
What  is  the  fringe  width? 

(a)  (1.33  x  0.63)  mm  (b)  mm 

0 

(c)  — : — -  mm  (d)  0.63  mm 

(1.33)2 

<  IIT,  1996 

38.  In  Young’s  experiment,  the  fringe  width  was  found 
to  be  0.4  mm.  If  the  whole  apparatus  is  immersed  in 
water  of  refractive  index  4/3,  the  new  fringe  width 
in  mm  is 

(a)  0.25  (b)  0.30 

(c)  0.40  (d)  0.53 

39.  In  a  Young’s  double  slit  experiment,  12  fringes  are 
observed  to  be  formed  in  a  certain  region  of  the 
screen  when  light  of  wavelength  600  nm  is  used.  If 
the  light  of  wavelength  400  nm  is  used,  the  number 
of  fringes  observed  in  the  same  region  of  the  screen 
will  be 

(a)  12  (b)  18 

(c)  24  (d)  8 

<  IIT,  2000 

40.  In  a  two  slit  experiment  with  monochromatic  light, 
fringes  are  obtained  on  a  screen  placed  at  some 
distance  from  the  slits.  If  the  screen  is  moved  by  a 
distance  of  5  x  1 0~2  m  towards  the  slits,  the  change 
in  the  fringe  width  is  3  x  1 0  m.  If  the  separation 
between  the  slits  is  10~3  m,  the  wavelength  of  light 
used  is 

(a)  5  x  10~7  m  (b)  6  x  10~7  m 

(c)  7  x  10~7  m  (d)  6  x  10~6  m 

41.  In  the  ideal  double-slit  experiment,  when  a 
glass-plate  (refractive  index  1.5)  of  thickness  t  is 
introduced  in  the  path  of  one  of  the  interfering 
beams  (wavelength  A),  the  intensity  at  the  position 
where  the  central  maximum  occurred  previously 
remains  unchanged.  The  minimum  thickness  of  the 
glass-plate  is 

(a)  2 A  (b)  2 A/3 

(c)  A/3  (d)  A 

<  IIT,  2002 

42.  In  Fig.  27.4,  PQ  represents  a  plane  wavefront  and 
AO  and  BP  the  corresponding  extreme  rays  of 
monochromatic  light  of  wavelength  A.  The  value 
of  angle  0  for  which  the  ray  BP  and  the  reflected 
ray  OP  interfere  constructively  is  given  by 


(a)  cos  6  = 


A 

2d 


(b)  cos  6  = 


A 

4  d 


(c)  sec  0  = 


A 

3d 


(d)  sec  0=  — 
3d 


■  IIT,  2003 


o  R 


43.  In  Young’s  double  slit  experiment,  the  fringe  width 
is  2.0  mm,  The  separation  between  the  9th  bright 
fringe  and  the  second  dark  fringe  from  the  centre 
of  the  fringe  system  will  be 

(a)  5.0  mm  (b)  10  mm 

(c)  15  mm  (d)  20  mm 

44.  When  one  of  the  slits  in  Young’s  experiment 
is  covered  with  a  transparent  sheet  of  thickness 
3.6  x  1 0  3  cm  the  central  fringe  shifts  to  a  position 
originally  occupied  by  the  30th  brigth  fringe.  If 
A  =  6000  A,  the  refractive  index  of  the  sheet  is 

(a)  1.50  (b)  1.55 

(c)  1.60  (d)  1.65 


45.  A  beam  of  light,  consisting  of  two  wavelengths 
6500  A  and  5200  A  is  used  to  obtain  interference 
fringes  in  Young’s  double  slit  experiment.  The 
separation  between  the  slits  is  2.6  mm  and  the 
distance  between  the  plane  of  the  slits  and  the 
screen  is  1.0  m.  The  least  distance  from  the  central 
maximum  where  the  bright  fringes  due  to  both  the 
wavelengths  coincide  is 
(a)  1.0  mm  (b)  1.5  mm 

(c)  2.0  mm  (d)  2.5  mm 


46.  Two  coherent  light  sources  of  intensity  ratio  n  are 
employed  in  an  interference  experiment.  The  ratio 
of  the  intensities  of  the  maxima  and  minima  in  the 
interference  pattern  is 


n  + 13 
n  —  1 J 

(b) 

AT 

v/w  + 1 3 

1  (d) 

f  Vn  + 1 

n  i 

(a) 


(c) 


47.  Two  coherent  light  sources  are  employed  in  an 
interference  experiment.  The  ratio  of  the  intensities 
of  the  maxima  and  minima  in  the  interference 
pattern  is  n.  The  ratio  of  the  intensities  of  the  two 
coherent  sources  is 
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(a) 


(c) 


4n  + 1 
\Tn  - 1 


n2+P 

n 2  - 1 


(b) 


(d) 


n  + 1 
n  - 1 
n  + 1 
n  - 1 


48.  The  two  slits  in  Young’s  interference  experiment 
have  widths  in  the  ratio  n:  1.  The  ratio  of  the 
intensities  of  the  maxima  and  minima  in  the 
interference  pattern  is 

4n  +1  _ .  yfn 

(b) 


(a) 


(c) 


\fn 

A  - 1 


(d) 


A  - 1 

n  + 1 


49.  In  Young’s  double  slit  experiment,  the  angular  width 
of  a  fringe  formed  on  a  distant  screen  is  0.1°.  If  the 
wavelength  of  light  used  is  628  nm,  the  spacing 
between  the  slits  is 

(a)  0.9  x  lO^4  m  (b)  1.8  x  104  m 

(c)  3.6  x  lO^4  m  (d)  7.2  x  lO^4  m 

50.  Interference  pattern  is  obtained  with  two  coherent 
light  sources  of  intensity  ratio  n.  In  the  interference 


pattern,  the  ratio 


/max  /min  will  be 

Anax  +  Anin 


(a) 


(c) 


O  +  i) 

A 

(A  +  lf 


(b) 


(d) 


2\fn 
0  + 1) 

2A 

(A  + 1)2 


51.  Interference  pattern  is  obtained  with  two  coherent 
light  sources  of  intensities  I  and  47.  The  intensity  at 
a  point  where  the  phase  difference  is  nil  is 

(a)  /  (b)  21 

(c)  3/  (d)  51 

52.  Young’s  double  slit  experiment  is  performed  using 
light  of  wavelength  A.  One  of  the  slits  is  covered  by 
a  thin  glass  sheet  of  refractive  index  j.1  at  this  wave¬ 
length.  The  smallest  thickness  of  the  sheet  to  bring 
the  adjacent  minimum  to  the  centre  of  the  screen  is 


(a) 


(b) 


A 


0)  A 


(d)  - 


0-1) 

A 

P 


20-1) 

A 

2/d 

53.  Monochromatic  light  of  wavelength  500  nm  is  in¬ 
cident  on  two  parallel  slits  separated  by  a  distance 
of  5  x  1 0  4  m.  The  interference  pattern  is  obtained 
on  a  screen  at  a  distance  of  1.0  m  from  the  slits. 
The  intensity  of  the  central  maximum  is  70.  When 


one  of  the  slits  is  covered  by  a  glass  sheet  of 
thickness  1.5  x  1 0  6  m  and  refractive  index  1.5,  the 
intensity  at  the  centre  of  the  screen  will  be  equal  to 


(*>  A 


A 


<b)  A 


(d)  zero 


54.  In  Q.  53  above,  the  lateral  shift  of  the  central 
maximum  is 

(a)  1.5  mm  (b)  4  mm 

(c)  3  mm  (d)  2  mm 

55.  In  an  interference  experiment,  20th  order  maxi¬ 
mum  is  observed  at  a  point  on  the  screen  when 
light  of  wavelength  480  nm  is  used.  If  this  light  is 
replaced  by  light  of  wavelength  600  nm,  the  order 
of  the  maximum  at  the  same  point  will  be 

(a)  16  (b)  14 

(c)  12  (d)  10 

56.  A  beam  of  light  consisting  of  two  wavelengths 
4500  A  and  7500  A  is  used  to  obtain  interference 
fringes  in  Young’s  double  slit  experiment.  The 
distance  between  the  slits  is  1  mm  and  the  distance 
between  the  plane  of  the  slits  and  the  screen  is  120  cm. 
What  is  the  minimum  distance  between  two  succes¬ 
sive  regions  of  complete  darkness  on  the  screen? 

(a)  4.5  mm  (b)  5.4  mm 

(c)  2.7  mm  (d)  1.2  mm 

<  IIT,  2004 

57.  In  Young’s  double  slit  experiment,  the  intensity  at 
a  point  P  on  the  screen  is  half  the  maximum  inten¬ 
sity  in  the  interference  pattern.  If  the  wavelength 
of  light  used  is  A  and  d  is  the  distance  between  the 
slits,  the  angular  separation  between  point  P  and 
the  centre  of  the  screen  is 

'A' 

.d, 

A  ^ 


(a)  sin  1  — 


(c)  sin  — 
'2d 


(b)  sin  1 
(d)  sin  1 


A 

2d, 

A 

<  IIT,  2005 

58.  A  parallel  beam  of  fast  moving  electrons  is  inci¬ 
dent  normally  on  a  narrow  slit.  A  screen  is  placed 
at  a  large  distance  from  the  slit.  If  the  speed  of  the 
electrons  is  increased,  which  of  the  following  state¬ 
ments  is  correct? 

(a)  Diffraction  pattern  is  not  observed  on  the 
screen  in  the  case  of  electrons 

(b)  The  angular  width  of  the  central  maximum 
of  the  diffraction  pattern  will  increase 

(c)  The  angular  width  of  the  central  maximum 
will  decrease 
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(d)  The  angular  width  of  the  central  maximum 
will  remain  the  same. 

<  IIT,  2007 

59.  In  Young’s  double  slit  experiment  using  mono¬ 
chromatic  light,  the  fringe  pattern  shifts  by  a 
certain  distance  on  the  screen  when  a  transparent  sheet 
of  thickness  t  and  refractive  index  ji  is  introduced  in 
the  path  of  one  of  the  interfering  waves.  The  sheet  is 
then  removed  and  the  distance  between  the  screen 
and  the  slits  is  doubled.  It  is  found  that  the  distance 
between  successive  maxima  (or  minima)  now  is  the 
same  as  the  observed  fringe  shift  when  the  sheet  was 
introduced.  The  wavelength  of  light  used  is 

<  IIT,  1983 


(a)  3 

(b)  4 

(c)  5 

(d)  much  greater  than  5. 

62.  In  Young’s  double  slit  experiment  sodium  light 
composed  of  two  wavelengths  and  A,  close  to 

each  other  (with  X2  greater  than  A,)  is  used.  The 
order  n  up  to  which  the  fringes  can  be  seen  on  the 
screen  is  given  by 

Ai  A] 

(a)  n  =  v  (b)  n  = 

A2  A<2  Aj 


(c)  n 


-^2 

2(A2  —  Aj) 


(d)  n 


K 

2(A2  —  Aj) 


(a)  A  =  (11-  1  )t  (b)  A  =  |  Qi  -  1  )t 

(c)A  =  Cu+l  )t  (d)A=|cu+l  )t 

60.  In  a  double-slit  experiment  the  angular  width  of 
a  fringe  is  found  to  be  0.2°  on  a  screen  1  m  away. 
The  wavelength  of  light  used  is  6000  A.  What  will 
be  the  angular  width  of  a  fringe  if  the  entire  experi¬ 
mental  arrangement  is  immersed  in  water?  Refrac- 

4 

tive  index  of  water  =  —  . 

3 

(a)  0.15°  (b)  0.18° 

(c)  0.2°  (d)  0.27° 

61.  A  coherent  parallel  beam  of  microwaves  of  wave¬ 
length  0.5  mm  falls  normally  on  Young’s  double 
slit  apparatus.  The  separation  between  the  slits  is 
1.0  mm  and  the  screen  is  placed  at  a  distance  of 
1.0  m  from  the  slits.  The  number  of  minima  in  the 
interference  pattern  observed  on  the  screen  is 


63.  Monochromatic  light  of  wavelength  A  emerging 
from  slit  S  illuminates  slits  5)  and  S2  which  are 
placed  with  respect  to  S  as  shown  in  Fig.  27.5.  The 
distances  x  and  D  are  large  compared  to  the  separa¬ 


tion  d  between  the  slits, 
value  of  d  so  that  there  i; 
P  of  the  screen  is 


(c)  4Id 


If  x  =  DU,  the  minimum 
a  dark  fringe  at  the  centre 


S 


S2 


T 

d 


P 


-*+«- 


Screen 


IIT,  1998 


Fig.  27.5 
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SOLUTIONS 


1.  Since  the  frequency  V  of  light  remains  the  same,  we 
have 

c  =  v  A  and  v  =  v  X 

where  c  =  speed  of  light  in  air  and  v  =  speed  of  light 
in  glass.  Therefore 

c  A  A  A 

-  =  —  =>  u=  —  =>  A  =  — . 

v  A  A'  fj. 


So  the  correct  choice  is  (c). 


2-  y io 


10A7) 


n  ad 


andy8^8--J  — 


Ho.  =  i0  =  _A_ 
y8  7.5  A  3/r 


(v  A  =  (uA') 


Given  y10  =_yg.  Hence  /u  =  —  ,  which  is  choice  (b). 


3.  Displacement  of  fringes  =  (/i-  1)  — 

d 


y  =(1.5-  1) 


/=  (1.75-1)  ^ 
d 

/  0.75  3  ,  3y 

—  =  -  =-=>/=  — 

y  0.5  2  2 


4.  Path  difference  A  =  - — 

D 

F  or  the  point  P  on  the  screen  directly  in  front  of  one 
of  the  slits, 

d  50A 

v  =  —  =  -  =  25  A 

2  2 


For  point  P,  A  = 


25A  x  50A  _  5A 
1000  A  4~ 


,  2?rA  2tt  5A  5zr 

Phase  ditterence  <p  =  - =  —  x  —  =  — 

Intensity  at  P  is  A  A  4  2 


/  =  4/a  cos" 


=  4/n  cos"  —  =2/ 


5.  The  intensity  (and  hence  the  amplitude)  of  the  light 
from  the  covered  slit  will  decrease  resulting  in  a 
difference  in  the  intensities  of  the  two  virtual  sourc¬ 
es.  Hence  the  correct  choice  is  (c). 


6.  The  amplitudes  of  the  two  coherent  waves  will  be 
Ax  =  2A  and  A2  =  A.  Therefore 

Anax  =  ( A  +  A2  =  f  2 AAA)  =  9 

^min  vA  -  A  )  V  2  A-  A) 

Hence  the  correct  choice  is  (d). 

7.  If  the  two  sources  are  coherent,  the  resultant 
amplitude  at  the  midpoint  of  the  screen  due  to 
interference  =  A  +  A  =  2 A.  Therefore,  intensity  is 
Ix  °c  (2 A)2  or  /,  =  k  x  4 A2  where  A  is  a  constant  of 
proportionality.  But  if  the  sources  are  not  coherent, 
their  intensities  simply  add  up  at  the  midpoint,  i.e. 

/,  °c  (A2  +  A2)  or  /,  =  k  X  2 A2 

Ij_  =  4  kA2  2 
I2  2k  A2 

Hence  the  correct  choice  is  (c). 

8.  Since  the  refractive  index  of  water  is  greater  than 
that  of  the  air,  the  speed  of  the  light  used  in  the  ex¬ 
periment  will  be  less  in  water  than  in  air.  Since  the 
frequency  of  light  is  the  same  in  water  and  in  air, 
it  follows  from  the  relation  A  =  v  /  V  that  the  wave¬ 
length  A  in  water  is  less  than  in  air.  Since  fringe 
width  /3  °c  A,  the  value  of  (5  will  decrease.  Hence 
the  correct  choice  is  (c). 

9.  We  then  obtain  a  single  slit  diffraction  pattern  on 
the  screen.  Hence  the  correct  choice  is  (d). 

10.  and  11.  Let  x  be  the  width  of  the  source  slit  and  X 
the  distance  between  the  source  slit  and  the  plane 
of  the  two  slits.  For  interference  fringes  to  be  dis¬ 
tinctly  visible,  the  condition  x/X  <  A/ d  should 
be  satisfied.  If  x  is  too  large  (i.e.  the  source  slit 
is  too  wide)  or  if  X  is  too  small  (X  is  the  distance 
between  the  source  slit  and  the  two  slits)  the 
requirement  x/X  <  h/d  may  be  violated  and  fring¬ 
es  will  no  longer  be  distinct.  The  reason  is  that 
the  interference  patterns  due  to  various  parts  of 
the  source  slit  overlap.  Consequently,  the  minima 
will  not  be  totally  dark  and  fringe  pattern  becomes 
indistinct.  However,  as  long  as  the  fringe  pattern 
remains  visible,  a  change  inx  or  X  has  no  effect  on 
the  fringe  width  /j. 

12.  The  single  slit  diffraction  effects  at  the  two  slits 
becomes  important  and  as  a  result,  the  interference 
fringe  pattern  will  be  modified.  The  bright  fringes 
will  not  now  be  equally  bright  and  equally  spaced. 

13.  The  distance  of  the  mth  bright  fringe  from  the 
central  fringe  is 
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iXD 

~d~ 


=  mfi 


where  fi=  XD/d  is  the  fringe  width. 
79=9/3 


(i) 


The  distance  of  the  wth  dark  fringe  from  the  central 
fringe  is 


n  XD 


y'm=  m~~  —r=  \P 


1 


i  p 


<ii) 


From  Eqs.  (i)  and  (ii),  we  get  79-7  '2  =  9/3-  —  j8 


2 


It  is  given  that  yg  -y'2  =  9.0  mm.  Hence 
o  9.0x2 

p  =  — — —  =  1 .2  mm 


15 


=  1.2  x  10  ~3  m 
Now  X=pd/D.  Substituting  for  /3,  d  and  D,  we  get 
X=  6  x  10-7  m  =  6000  A 


since  0is  small,  sin  0-  0.  Therefore,  0=3  x  10  3 rad. 
If  the  lens  is  placed  close  to  the  slit  then 

x  =/  tan  0  =  /0  ('.•0  is  small,  .'.  tan  0=0) 

where  x  is  the  distance  of  the  first  minimum  from 
the  central  maximum.  Therefore,  the  distance 
between  two  minima  on  both  sides  of  the  central 
maximum  is 

2x  =  2/0  =  2  x  0.5  x  3  x  10~3 

=  3  X  10~3  m  =  3  mm. 


18.  Let  the  width  of  each  slit  be  a.  The  linear  sepa¬ 
ration  between  m  bright  fringes  in  the  double  slit 
mXD 

experiment  is  ym  =  - 

d 

Since  7  «  D,  the  angular  separation  between  m 
bright  fringes  will  be 


0 


m 


D 


m  X 
d 


For  10  bright  fringes  we  have 


®io  _ 


HU 

d 


(i) 


14.  A  single  slit  diffraction  pattern  is  characterised  by 
a  bright  central  fringe  bordered  on  both  sides  with 
fringes  of  rapidly  decreasing  intensity. 

15.  The  intensity  falls  to  zero  on  both  sides  of  the 
central  maximum  at  an  angle  0  given  by 

sin  0=  — 
d 

where  0  is  the  angular  separation  between  the 
central  maximum  and  the  minimum  on  either  side 
of  it  so  that  20  is  the  angular  width  of  the  central 
maximum.  Now 


0  =  suT1 


20=  2  sin  1  (  —  I 
\d  ) 


Hence  the  correct  choice  is  (b).  If  X  «  d,  then 
sin  0-9,  where  0  is  in  radians.  In  that  case,  the 
width  of  the  central  maximum  is  2  0  =  2  XI  d. 

16.  The  wavelength  of  blue  light  is  less  than  that  of  the 
red  light.  Hence  the  angular  width  of  the  maxima 
will  decrease  which  means  that  the  fringes  become 
narrower  and  crowded  together. 

17.  The  angular  separation  of  the  minima  on  both  sides 
of  the  central  maximum  is  2  0  where  0  is  given  by 


sin  0  = 


X 

d 


6000  xl(T10 

0.2  x  10~3 


=  3  x  10~3 


Now  the  angular  width  of  the  principal  maximum 
in  the  diffraction  pattern  due  to  a  slit  of  width  a  is 


a 

Equating  Eqs.  (i)  and  (ii),  we  get 


(ii) 


10  A  2  A  d  1.0  mm 

-  =  —  or  a  =  —  =  - 

da  5  5 

=  0.2  mm. 


19.  Since  the  frequency  n  of  the  light  does  not  change 
as  light  travels  from  air  into  glass,  we  have 

va  =  n  Xa  and  vg  =  n  Xg 

Therefore  —  =  —  =  u 

X  v 

8  8 

Hence  the  correct  choice  is  (c). 

20.  /  =  /max  =  /1+A+  27/77 

When  the  width  of  each  slit  is  doubled,  /  becomes 
2/  and  /  becomes  2/.  Therefore, 

2'  =  4ax  =  2/  +  2/  +  272/  x  2/ 


=  2  (/+/+  27v/)  =  2/max  =  2/. 

Hence  the  correct  choice  is  (c). 
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21.  We  know  that  ym  = 


iXD 


.  Therefore,  for  wave¬ 


length  Xx,yx  =  10  ^  _  ancj  for  wavelength  X2, 


3V 


d 

5  X2D 


A 

t2 


2\ 

^2 


Hence  the  correct  choice  is  (a). 

22.  The  distance  of  the  /nth  minimum  from  the  centre 
of  the  screen  is  given  by 


1 

y  =  \  m  A — 
1  2 


XD 

d 


For  a  point  on  the  screen  directly  in  front  of  one 
of  the  slits,  y  =  dll.  Hence,  for  minima  (zeros)  of 
intensity,  we  have 

XD 
d 


d  (  1 

—  =  m  A — 


or 


X  = 


(2m  + 1)  D 
Hence  the  correct  choice  is  (a). 

23.  Let  70  be  the  intensity  at  the  centre  of  the  screen 
due  to  each  slit.  Then,  for  the  central  maximum,  the 
intensity  is 

I  =  I0  A- 10  A-  2^1 10 70  =  4  70 
or  70  =  ^  .  Hence,  the  correct  choice  is  (c). 

24.  When  a  wave  of  wavelength  X  falls  at  an  angle 
of  incidence  i  on  a  film  of  refractive  index  fi  and 
thickness  t,  then  the  condition  for  constructive 
interference  in  the  reflected  system  is 

2  [it  cos  r  =  X  ;  m  =  0,  1,  2,  3,  ... 

where  r  is  the  angle  of  refraction  in  the  film.  For 
normal  incidence  i  =  0,  hence  r  =  0.  Therefore 
(  v  jU  =  1  for  air) 


1 


X  3X 


2 1  =  I  m  A —  X  =  — ,  —  ,  — 


or 


Now 


X  = 


2 1 


1 

mA — 
2 


.  4 1 

=  4'-t 


5X 

2 

At 

5 


etc. 


— ,  ...  etc. 


\-5 


cm 


t=  0.00029  mm  =  2.9  x  10 
=  2900  A.  Therefore, 

X  =  11600  A,  3867  A,  2320  A,  ...  etc. 

Wave  of  X  =  11600  A  is  in  the  infrared  region  and 
wave  of  X  =  2320  A  is  in  the  ultraviolet.  These 
waves  are  not  visible.  Hence  the  visible  wave  in 


the  reflected  system  has  a  wavelength  X  =  3867  A 
which  is  close  to  violet  light  ( X  =  3800  A).  Hence 
the  correct  choice  is  (c). 


25.  If  D  »  d,  the  linear  width  of  the  central  principal 

2  XD 

maximum  =  angular  width  X  distance  D  =  - , 

d 

where  d  is  the  width  of  the  slit.  The  linear  width  of 
the  principal  maximum  will  be  equal  to  slit  width 
for  a  value  of  D  given  by 


2  XD 
d 


d  or  D  = 


2X 


Hence  the  correct  choice  is  (c). 

26.  Given  7)  =  7  and  7,  =  41.  Now 

Aax  =  h  +  h  +  2  \Jl\  1 2 

=  /  +  4/+2  Vat1  =  97 

and  ^min  —  A  1 2  —  ^  V A  A 

=  57  -  47  =  7 

Hence  the  correct  choice  is  (b). 

27.  The  frequency  of  the  wave  remains  unchanged  on  re¬ 
fraction  or  reflection.  The  wavelength  changes  from  X 

X 

to  X'  =  — .  Now  the  velocity  of  the  wave  in  glass  is 

d 

,  ,,  nX  v 

Hence  the  correct  choice  is  (b). 

28.  The  angular  separation  between  the  mth  dark  fringe 
and  the  central  bright  fringe  is  given  by 

a  sin  8m  =  mX 

For  the  first  dark  fringe,  m  =  1.  Therefore 
a  sin  0j  =  X 

or  sin  8X  =  XI a.  Since  X  «  a,  sin  8X  -  8X.  Hence 
0X  =  XJa.  This  is  also  the  angular  separation  between 
the  central  bright  fringe  and  the  first  dark  fringe  on 
the  other  side  of  the  central  bright  fringe.  Hence,  the 
angular  separation  between  the  first  dark  fringes  on 
either  side  of  the  central  bright  fringe  =  20,  =  2 XI a . 
Therefore,  their  separation  at  distance  d=  2  m  is 

2 Xd  _  2  x  (600  x  10~9)  x  2 
a  1.0  x  10  ”3 

=  2.4  x  10~3  m  =  2.4  mm 


29.  If  follows  from  Fig.  27.6  that  the  path  difference  at  the 
first  minimum  between  rays  coming  from  A  and  B  is 
A  =  BC  =  a  sin  0, 

But  sin  0,  =  XJa.  Therefore,  A  =  a  x  XJa  =  A.  A  path  dif¬ 
ference  of  X  corresponds  to  a  phase  difference  of  2 n. 
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30.  Mass  per  unit  length  of  the  string  is 
m  =  1(T2  kg/0.4  m  =  2.5  x  10~2  kg  m  '. 

Speed  of  each  pulse  is  v  = 


1.6 


2.5x10 


_2=o  ms 


To  have  a  constructive  interference,  the  pulses  must 
arrive  at  the  same  end  of  the  string  in  the  same 
phase  after  reflection  from  the  other  end.  If  L  is  the 
length  of  the  string,  the  minimum  value  of  At  is 


(AOmm  = 


2  L 

V 


2x0.4 
_ 8 


=  0.1  s 


31.  The  wavelength  of  X-rays  is  of  the  order  of  1  A 
=  10  10  m.  Now,  the  angular  width  of  the  central 
maximum  is 

a 


where  D  is  the  distance  of  the  screen  from  the  slit. 
Since  A  for  X-rays  is  very  small  compared  to  that 
for  yellow  light,  it  follows  that  the  angular  width 
of  the  central  maximum  becomes  extremely  small. 
Hence,  the  central  maximum  is  narrower. 

32.  Given  A  =  6000  A  =  6000  x  10  10  m  =  6  x  10  7 
m  and  A  =  1.5  microns  =  1.5  x  1 0  6  m.  For  bright 
fringes:  A  =  «A;  where  n  is  an  integer. 

A  1.5  x  10-6  5  ,  .  ,  . 

n  =  —  =  - —  =  —  ,  which  is  not  an  integer. 

A  6  x  10-7  2’ 

Hence,  path  difference  of  1.5  x  10  6  m  does  not 


correspond  to  a  bright  fringe.  For  dark  fringes,  we 
have 


orl.5  x  10~6  = 


n--\  x  (6  x  10~7) 
2 


1  5 

which  gives  n  —  —  =  —  or  n  =  3.  Hence  a  path 

difference  of  1.5  x  1 0  6 m  corresponds  to  the  third 
dark  fringe.  Thus  the  correct  choice  is  (c). 

33.  Let  A0  and  A  be  the  wavelengths  of  yellow  light  in 
air  and  vacuum  respectively  and  va  and  c  be  their 
respective  speeds  in  air  and  vacuum.  Since  the 
frequency  of  light  is  the  same  in  both  media,  we 
have 

Ea_  =  £. 

K  A 

A  „  c 

=  /xa  (by  definition) 


v  = 


or 


c 

Vn 


A„ 


But 


A  .  A 
AG  =  T  or  K  =  ~ 

K  Va 


(1) 


Now,  if  t  is  the  thickness  of  each  column,  then  the 
number  of  wavelengths  in  the  two  media  are 


t  t 

na=  —  andn=  —  .Given  (na 
A_  A 


i  =  =  L 

A„  A  A 


( 


- 1 


V' 


n)  =  1 .  Hence 

(2) 


Using  ( 1)  in  (2),  we  have 


1=  A 


1)  (3) 

Given  jia  =  1.0003  and  A  =  6000  A  =  6000  x  10~8 
cm.  Using  these  values  in  (3),  we  have 
t 


1  = 


or 


t  = 


6000  x 10” 

6000  X 10~ 


(1.0003  -  1) 


=  0.2  cm  =  2  mm 


0.0003 

Hence  the  correct  choice  is  (b). 

34.  Referring  to  Fig.  27.7,  the  direction  0  along  which 
we  have  the  nth  interference  maximum  is  given  by 
d  sin  6=  «A 

d  sin  6 


or 


If 


d  =  2  A,  we  have 
n  =  2  sin  6 


Since  the  maximum  value  of  9  is  90°,  nmax  = 
2  sin  90°  =  2.  Thus,  there  are  two  interference 
maxima  in  addition  to  the  central  maximum 
(which  corresponds  to  9=  0).  Hence  the  maximum 
number  of  possible  interference  maxima  is  three, 
which  is  choice  (c). 
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35.  According  to  the  electromagnetic  theory,  the 
refractive  index  n  of  a  dielectric  medium  is  given 
by 

n  =  *Je^.  =  V4  =  2 

If  c  is  the  speed  of  the  electromagnetic  wave  in 
vacuum  and  v  in  the  dielectric  medium,  then 

c  „  c  c 

n  =  —  or  2  =  —  or  v  =  — 
v  v  2 

When  a  wave  passes  from  one  medium  into 
another,  its  frequency  remains  unchanged.  If  X(j  and 
X  are  the  wavelengths  of  the  wave  in  vacuum  and 
in  the  medium  respectively,  then 

v  =  vX  and  c  =  vX0,  which  give 

v  X  X  c/2  1  /L 

—  =  —  or  —  =  - =  —  or  X  =  — 

c  X0  X0  c  2  2 

Thus,  the  wavelength  is  halved  but  the  frequency 
remains  unchanged.  Hence  the  correct  choice  is 

(c). 

36.  Resultant  intensity  7  =  Ix  +  I 2  +  2  COS  <j). 

Given  /,  =  /  and  I2  =  47. 

7A  =  7+47+0  =  57  = 

and  /B  =  7  +  4/  +  2  V/  x  4/  cos  n 
=  57-47  =  7 

Hance  7A  -  7B  =  57  -  7  =  47,  which  is  choice  (b). 

37.  The  fringe  width  in  liquid  is 

P,=  ~ 

ni 

/LD 

where  /3C,  =  -  is  the  fringe  width  in  air.  Thus 

d 


A=  ~d  = 

yiid 


(6300  xlO_10)x  1.33 
1.33  x  (l  x  1 0  3 ) 


=  0.63  x  10  3  m  =  0.63  mm 
Hence  the  correct  choice  is  (d). 

r,  Pn  0.4  mm  . 

38.  /},=  —  = -  =  0.3  mm,  which  is  choice  (b). 

rij  4/3 

width  of  region  L 

39.  Number  ot  tringes  =  -  or  n= 

fringe  width  (i 

Now,  fringe  width  /J  is  proportional  to  wavelength. 
Hence  the  new  number  of  fringes  will  be 

n'  =  n  x  =  12  x  —  =  18, 


F 

which  is  choice  (b). 


400 


40.  B  =  .  Therefore,  AB  =  Given  AD  = 

d  d 

5  x  10~2  m,  Ap=  3  x  10~5  m  and  d=  10~3  m.  Using 
these  values,  we  have 

A  x  5  x  10~2 


3  x  KW  = 


10 


-3 


which  gives  X  =  6  x  10  7  m  which  is  choice  (b). 


41.  When  a  transparent  plate  is  introduced  in  the  path 
of  one  of  the  interfering  beams,  the  entire  fringe 
pattern  shifts  by  an  amount  Ay  =  (/J  1  )t,  where  /./ 

is  the  refractive  index  and  t  is  the  thickness  of  the 
plate.  Since  the  path  difference  must  change  by  X 
for  one  maximum  to  be  replaced  by  its  neighbour¬ 
ing  maximum,  we  have 

Ay  =  X  or  (/i  -  l)t  =  X  or  ^  -  lj  t  =  X  or  t  =  2X. 
Hence  the  correct  choice  is  (a). 


42.  Since  P  and  Q  are  points  on  the  same  wavefront, 
they  are  in  the  same  phase.  Therefore,  the  path  dif¬ 
ference  at  point  P  between  the  ray  BP  and  the  re¬ 
flected  ray  OP  is 

A  =  QO  +  OP  (i) 


PR  d 

Now,  in  triangle  POR ,  OP  = - = - .  Also 

cos  0  cos  6 

in  triangle  QOP,  QO  =  OP  sin  (90°  -  20)  = 
OP  cos  26 


A  =  OP  cos  26  +  OP 
=  OP  (cos  26  +  1)  =  20P  cos 2d 
d  9 

=  2  x  -  x  cos"  6  =  2d  cos  6 


cos  6 
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Since  there  is  a  sudden  path  change  of  —  due  to 

reflection,  the  condition  of  constructive  interfer¬ 
ence  at  P  is 

A  X  3A 
A  =  — ,  —  etc. 

2  2 


or 


or 


n  A  3A 

2 a  cos  6  =  — ,  — ,  •  •  ■  etc. 
2  2 


Q  X  3X 
cos  6  =  — ,  —  . 
4  d  4  d 


etc. 


Hence  the  correct  choice  is  (b). 

43.  The  distance  of  the  /nth  bright  fringe  from  the 
central  fringe  is 

ym  =  mX  —  =  mf} 
a 

XD 

where  /3  =  -  is  the  fringe  width. 

d 

T9  =  9/3  (1) 

The  distance  of  the  mth  dark  fringe  from  the 
central  fringe  is 


m 

From  Eqs.  (1)  and  (2)  we  get 
T9-/2  =  9/3-^/3=y/3 
15 

=  —  X  2.0  mm  =  1 5  mm 
2 

Hence  the  correct  choice  is  (c). 

44.  The  position  of  the  30th  bright  fringe  is  given  by 
XD 


y30  30 


d 


Hence  the  shift  of  the  central  fringe  is 

,n  lD 
To  =  30  ~~r 
d 

But  y0-=^(//  l)t 

•••  30^  =  ^Ctt-l  )t 

a  a 


,  1A  30A  30  x  (6000  x  10~10)  _ 

or  (u  -  1)  =  -  =  - r -  =  0.5 

t  (3.6  x  10~5) 

H=  1.5 

45.  Let  the  nth  bright  fringe  of  wavelength  Xn  and  the 
wth  bright  fringe  of  wavelength  Xm  coincide  at  a 
distance  y  from  the  central  maximum,  then 


mX„,D  nX„D 


or 


m 

n 


K 

A„, 


6500 

5200 


5 

4 


The  least  integral  values  of  m  and  n  which  satisfy 
the  above  condition  are 

m  =  5  and  n  =  4 

i.e.,  the  5th  bright  fringe  of  wavelength  5200  A 
coincides  with  the  4th  bright  fringe  of  wavelength 
6500  A.  The  smallest  value  of  y  at  which  this 
happens  is 

mXmD 

Tmin  =  - — 

d 

Substituting  the  values  of  m,  Xm,  D  and  d,  we  get 
ymin  =  1.0  mm,  which  is  choice  (a). 

46.  Given  —  =  n.  Therefore,  the  amplitude  ratio  is 


Now 


—  r 

,  =  dn 


/max  =  (^4l  +Al)2  and  /min=(^l-^2)2 


(A+A2) 

(A -A)2 


— h  +  1 


_  v4> 


(a  x2 

A_i 

v^2 

(V^  +  i)2 


(V^-i)2 


Hence  the  correct  choice  is  (d). 
/|nax  =  n.  Hence 


47.  Given 


or 


(A  +  A)  =  n 
(A  —  A ) 

(a  +  A2)  = 
(A  ~  A) 


which  gives 


'i  _ 


An  + 1 
■2  An  —l 
^  +  02 


An  - 1 


Hence  the  correct  choice  is  (a). 

48.  The  intensity  of  light  emerging  from  a  slit  is 
proportional  to  its  width.  Since  the  amplitude  is 
proportional  to  the  square-root  of  the  intensity, 
we  have 
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As  shown  in  solution  of  Q.  46,  the  correct  choice 
is  (c). 

49.  Angular  width  of  a  fringe  is  given  by 


d 


or 


d-  - 

9 


(1) 

m  and  9=  0.1° 


Given  A  =  628  nm  =  628  x  10 

0. 1  X  7T  ,  TT  .  ,  ,  .  ^ 

rad.  Using  these  values  in  Eq.  (1),  we 


°»-4 


m.  Hence  the  correct  choice 


180 

find  that  d=  3.6  x  10 
is  (c). 

50.  The  correct  choice  is  (b).  Refer  to  the  solution  of 
Q.  46. 

51.  The  correct  choice  is  (d).  Use 

/  =  /,  +  /2  +  2  JlJ2  cos  (j) 


where 


/;  =  7,  I2  =  4/  and 


1  n 

<b  =  — . 
2 


52.  If  t  is  the  thickness  of  the  glass  sheet,  the  fringes  are 
displaced  by  an  amount  given  by 

Ay  =(ji-  1)  ^ 

d 

In  order  to  bring  the  adjacent  minimum  to  the  cen¬ 
tre  of  the  screen  (i.e.  to  bring  the  first  dark  fringe 
the  central  bright  fringe),  the  fringes  must  be 
displaced  by  half  the  fringe  width,  i.e. 

A  /3  1  AD 

2  2d 

u  r  tD  1  XD 

Hence  (u-  1)  —  = - 

d  2d 

or  t  =  — — - ,  which  is  choice  (a). 

2(^-1) 

53.  When  a  transparent  plate  of  thickness  t  and  refrac¬ 
tive  index  /./  is  introduced  in  one  of  the  interfer¬ 
ing  waves,  the  path  difference  at  the  centre  of  the 
screen  is 

A  =  Gu-l)  ^ 


Phase  difference  (j)  = 


d 

2nA 


2n  tD 

"  T^1”1  1 


(i) 


Given  A  =  5000  A  =  5  x  10~7  m,  /u  =  1.5, 
t  =  1 .5  X  1 0~6  m,  D  =  1  m  and  d  =  5  X  1 0^  m.  Us¬ 
ing  these  values  in  Eq.  (1).  we  get  <f>  =  3  n.  If  7  is 
the  intensity  of  each  interfering  wave,  the  resultant 
intensity  at  the  centre  of  the  screen  is 


/,.  =  /  +  /+  2  \ll  xl  cos  3 n 
=  27-27=0  (ycos37t=-1) 

Hence  the  intensity  at  the  centre  is  zero,  i.e.  there 
is  a  dark  fringe  at  the  centre. 

Hence  the  correct  choice  is  (d). 

54.  The  correct  choice  is  (a).  The  lateral  shift  is  given 
by 

Ay=Gu-l)  ^ 

d 

55.  The  position  of  the  nth  order  maximum  is  given  by 

nXD 

For  a  given  point  yn  is  fixed.  Since  D  and  d  are 
also  fixed,  nX=  constant,  i.e.  n.  A,  =  n7  A,.  Hence  n7 
Aj  20x480 

=  n,  —  =  -  =  16,  which  is  choice  (a). 

1  A2  600  7 

56.  Let  the  nth  dark  fringe  of  wavelength  Kn  and  the 
mth  dark  fringe  of  wavelength  Am  coincide  at  a 
distance  y  from  the  centre  of  the  screen,  then 

At  this  position  there  is  complete  darkness  on  the 
screen.  Eq.  (1)  gives 

1 


n  — 


1 

m - 

2 


A^  =  7500A 
A  4500A 


which  gives 


6  n  +  2  3n  +  1 

m  =  -  =  -  (2) 

10  5 

Integral  values  of  n  and  m  which  satisfy  Eq.  (2) 
n  =  3,  m  =  2;  n  =  8,  m  =  5;  and  so  on.  Let  nx  =  3 
and  n2  =  8,  then  from  Eq.  (1)  the  distances  from 
the  centre  of  the  screen  of  the  first  and  the  second 
regions  of  darkness  are  given  by 
1  )  A„7) 


and 


Ti  =  \ni~2 


1  3  AD 


T2  =  |  n2  ~~ 


d 


A  D 

Ay  =y2  -  yi  =  («2  -  ni )  x  -V 

a 


=  (8  -  3)  x 


4500  x  10-10  x  1  ■  2 


1x10 


-3 


=  2.7  x  10  3  m  =  2.7  mm, 
Hence  the  correct  choice  is  (c). 
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57.  If  <5  is  the  phase  difference  between  the  interfering 
waves  at  point  P,  then  the  intensity  at  point  P  is 
given  by  (see  Fig.  27.8) 


/=  An  ax  cos 


Given 


cos 


I  =  _max  Hence 
2 

=  —  ,  which  gives  — 
2  2 


n 

4 


2 

The  angular  separation  0  between  points  P  and 
O  is  given  by  tan  0  =  y/D.  Since  0  is  very  small, 
tan  0  -  sin  9.  Hence 


sin  9=  — 

D 

If  co  is  the  fringe  width,  then 
y  _  nil  _  1 
ft)  In  4 


(1) 

(2) 


This  is  so  because  the  phase  difference  <5  between 

.  „  XI  ID 

two  consecutive  maxima  is  In.  Now  co  =  - . 

d 

Using  this  in  Eq.  (2),  we  get 


or 


yd 

ID 

y_ 

D 


1 

4 

A 

4  d 


(3) 


Using  Eq.  (1)  in  Eq.  (3),  we  have 


Fig.  27.8 


58.  De  Broglie  wavelength  of  electron  is 


p  mv 

If  speed  v  of  electron  is  increased,  momentum 
p(=  mv)  will  increase.  Hence  wavelength  A  will 
decrease.  Now,  the  angular  width  of  the  central 


maximum  of  the  diffraction  pattern  is  29  where 
9  is  given  by 

•  a  X 
sm  0  =  — 

a 

where  a  is  the  width  of  the  slit.  Thus,  if  A 
decreases,  0and  hence  20  will  decrease.  Therefore, 
the  correct  statement  is  (c). 

59.  When  a  sheet  of  thickness  t  and  refractive  index 
p  is  introduced  in  one  of  the  interfering  waves, 
the  distance  y0  through  which  the  fringes  shift  is 
given  by 

To  =  iP-  ~  1)1  ^  (1) 

d 

The  fringe  width  /3,  i.e.,  the  distance  between  suc¬ 
cessive  maxima  (or  minima)  is  given  by 


d 

When  the  distance  D  between  the  slits  and  the 
screen  is  doubled,  the  new  fringe  width  becomes 


P'  =  2  — 
d 


(2) 


It  is  given  thaty0  =  fV.  Equating  Eqs.  (1)  and  (2)  we  get 

„  XD  D 

2  —  =  Qi  -  i)  f  — 
a  a 

A=  \  (M  -  1)1 

which  is  choice  (b) 

60.  The  angular  width  of  a  fringe  is  given  by 

e=4 

d 


In  air: 


In  water: 


9  ~  K 

9  =  — 
u... 

W  / 

d 

_  K  nr  a  -  K  9a 

—  —  —  or  c7  —  - 

0,  A  w  A„ 


(1) 


Now,  refractive  index  is  defined  as 
speed  of  light  in  air  va 


P 


v  A„  A„ 


speed  of  light  in  water  v  v  Alv  AM 


(2) 

where  V  is  the  frequency  of  light  which  remains 
unchanged. 

Using  Eq  (2)  in  Eq  (1)  we  have 

A  =  o.i5« 

4/3 

So  the  correct  choice  is  (a). 
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61.  Refer  to  Fig.  27.9.  When  the  incident  beam  falls 
normally  on  the  slits  Sx  and  S2,  the  path  difference 
at  the  central  point  P0  of  the  screen  is  zero.  Hence 
we  have  the  central  maximum  at  P0. 

y 


Fig.  27.9 

Let  the  minima  appear  along  directions  9  with 
respect  to  the  incident  direction.  Coherent  waves 
from  .S' |  and  S2  along  this  direction  are  brought 
to  a  focus  at  P.  It  is  clear  that  the  path  difference 
between  the  waves  from  5,  and  S2  on  reaching  P  is 
A  =  d  sin  9 

The  interference  minima  will  appear  on  the 
screen  if 


d  sin  9  = 


where  m  is  an  integer.  Thus  the  directions  of  mini¬ 
ma  are  given  by 


sin  9  = 


n  (x 

m  +  -  x  — 

2)  U 


Given  <7=  1.0  mm  and  X  =  0.5  mm.  Therefore 

.  .  (  n  f o.5 if  n 

{  2)  ^  1.0  J  2{  2) 

The  allowed  values  of  m  are  those  integers  for 
which  sin  9  is  not  more  than  +  1  or  less  than  —  1 . 
These  values  are  m  =  1,  0,  -  1  and  -  2.  Hence  four 
minima  will  be  observed.  The  correct  choice  is  (b) 

62.  If  an  interference  experiment  is  performed  using  two 
wavelengths  close  to  each  other,  two  interference 
patterns  corresponding  to  the  two  wavelengths  are 
obtained  on  the  screen.  The  fringe  system  remains 
distinct  upto  a  point  on  the  screen  where  the  nth 
order  maximum  of  one  wavelength,  say  X\  =  5890  A 
falls  on  the  nth  order  minimum  of  the  other 
wavelength  X?  =  5895  A.  Thus,  interference  pattern 
can  be  seen  upto  a  distance  yn  from  the  centre  of 
the  screen  if 


nXlD 


(nth  maximum) 


or  nX j  =  ^n  Xi  or  2 nXx  =  (2 n  -  1)  -T, 
which  gives 

X2 

n  =  — - which  is  choice  (d). 

2(X2-Xl) 

63.  Refer  to  Fig.  27.10.  To  reach  point  P,  wave  1  has  to 
travel  a  path  (SS2  +  S2P )  while  wave  2  has  to  trav¬ 
el  a  path  OSIS)  +  S^P).  Therefore,  when  the  waves 
arrive  at  P,  the  path  difference  is 


Fig.  27.10 

A  =  (SS2  +  S2P)  -  (SS{  +  S,P)  (1) 
Now,  in  triangle  SS2Sh  we  have 

(  2  \1/2 

SS2  =  (x2  +  d2)m  =  x  1  +  ^ 


=  1  + 


(y  d  «  x) 


Similarly,  S2P  =  (D2  +  d2)112  =  D  +  —yj 

(y  d«D) 

Also  (SSj  +  SlP)=x  +  D.  Using  these  in  Eq.  (1),  we 
have 

(  d2\  (  d2  \ 

A  =  x  1  +  — -  +  D  1  + - -  -  (x  +  D) 

{  2x2  J  1,  2D2  J 

d2  d2 

=  x  +  —  +  D  +  -  —  x  -  D 

2x  2D 


,  d  f 1  1 

or  A  =  —  —  H - 

2  lx  D 


In  order  to  have  a  dark  fringe  at  P,  A  =  —  .  Hence 

±-^(i +U  to 

2  2  lx  DJ 


=  n - 

l  2 


;  (nth  minimum)  (2) 


(x  +  D) 


Putting  x  =  —  in  Eq.  (2),  we  find  that  the  correct 
choice  is  (a). 
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# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  When  a  light  wave  is  reflected  from  a  mirror,  there 
is  no  change  in  its 

(a)  amplitude  (b)  frequency 

(c)  wavelength  (d)  speed 

2.  When  a  light  wave  travels  from  air  into  glass,  which 
of  the  following  will  change? 

(a)  amplitude  (b)  frequency 

(c)  wavelength  (d)  speed 

3.  In  Young’s  double  slit  experiment  the  fringe  width 
with  light  of  wavelength  A,  is  ft  and  with  light  of 
wavelength  A2  is  ft .  Using  light  of  wavelength  Aj, 
the  fringe  width  becomes  ft  if  the  entire  apperatus 
is  immersed  in  a  transparent  liquid  of  refractive 
index  ju.  Then 

A  T 

(a)  ft  =  A  Y  (b)  ^  =  A  7 

A2  A; 

(c)  ft  =  ^  (d)  ft  =  Mft 

V 

4.  In  a  double  slit  experiment,  instead  of  taking  slits 
of  equal  widths,  one  slit  is  made  twice  as  wide  as 
the  other.  Then  in  the  interference  pattern,  the  in¬ 
tensity 

(a)  of  maxima  will  increase 

(b)  of  maxima  will  decrease 

(c)  of  minima  will  increase 

(d)  of  minima  will  decrease 

<  IIT,  2000 

5.  In  a  single  slit  diffraction  experiment,  the  width 
of  the  slit  is  made  double  its  original  width.  Then 
the  central  maximum  of  the  diffraction  pattern  will 
become 

(a)  narrower  (b)  fainter 

(c)  broader  (d)  brighter 


6. 


In  Young’s  double  slit  experiment,  the  10th  bright 
fringe  is  at  a  distance  x  from  the  central  fringe. 
Then 


(a)  the  10th  dark  fringe  is  at  a  distance  of 
from  the  central  fringe. 

(b)  the  10th  dark  fringe  is  at  a  distance  of 
from  the  central  fringe. 


19x 

20 

2  lx 
~20 


(c)  the  5th  dark  fringe  is  at  a  distance  of  —  from 


the  central  fringe, 
the  5  th  dark  fring 
from  the  central  fringe. 


9x 

(d)  the  5th  dark  fringe  is  at  a  distance  of  — 

20 


7.  In  Young’s  double  slit  experiment,  the  10th  bright 
fringe  of  wavelength  A,  is  at  a  distance  x  from  the 
central  fringe.  Then 

(a)  the  5th  bright  fringe  of  wavelength  Ao  will  be 

A.x 

at  a  distance  of  -  from  the  central  fringe. 

2A2 

(b)  the  5th  bright  fringe  of  wavelength  A^  will 

A2x 

be  at  a  distance  of  from  the  central 

2Aj 

fringe. 

(c)  the  5th  dark  fringe  of  wavelength  A2  will  be  at 


a  distance  of 


9A2x 

20Aj 


from  the  central  fringe. 


(d)  the  5th  dark  fringe  of  wavelength  A2  will  be  at 


a  distance  of 


9AjX 

20A9 


from  the  central  fringe. 


8.  In  Young’s  double  slit  experiment,  the  slits  are 
separated  by  0.3  mm  and  the  interference  pattern 
is  observed  on  a  screen  placed  at  a  distance  of 
100  cm  from  the  slits.  The  wavelength  of  light  used 
is  600  nm. 

(a)  the  distance  of  the  4th  bright  fringe  from  the 
central  fringe  is  8  mm. 

(b)  the  distance  of  the  4th  dark  fringe  from  the 
central  fringe  is  7  mm. 

(c)  the  distance  between  the  9th  dark  fringe  and 
the  second  bright  fringe  on  the  same  side  of 
the  central  fringe  is  15  mm. 

(d)  the  distance  between  the  first  dark  and  the 
second  bright  fringe  on  the  opposite  sides  of 
the  central  fringe  is  5  mm. 

9.  A  narrow  slit  of  width  1.3  X  1 0  6  m  is  illuminated 
by  a  parallel  beam  of  light  of  wavelength  6500  A 
incident  normally  on  it.  Then 

(a)  the  angular  width  of  the  central  maximum 
is  30°. 
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(b)  the  angular  width  of  the  central  maximum 
is  60°. 

(c)  the  angular  separation  between  central 
maximum  and  the  first  order  maximum 
is  45°. 

(d)  the  angular  separation  between  the  central 
maximum  and  the  first  order  maximum 


10.  A  parallel  beam  of  monochromatic  light  of  wave¬ 
length  600  nm  is  incident  normally  on  a  slit  of 
width  0.3  mm.  The  diffraction  pattern  is  observed 
on  a  screen  which  is  placed  at  the  focal  plane  of 
a  convex  lens  of  focal  length  50  cm.  The  linear 
separations  between  the  first  minima  and  the  first 
maxima  on  both  sides  of  the  central  maximum  are 
x1  and  x2  respectively.  Then 

(a)  Xj  =  1  mm  (b)  Xj  =  2  mm 

(c)  x2  =  3  mm  (d)  x2  =  6  mm 

11.  Abeam  of  light  consisting  of  two  wavelengths  750 
nm  and  450  nm  is  used  to  obtain  interference  fringes 
in  a  Young’s  double  slit  experiment.  The  separation 
between  the  slits  is  1  mm  and  the  distance  between 
the  plane  of  the  slits  and  the  screen  is  100  cm.  The 
least  distance  from  the  central  maximum  where  the 
bright  fringes  due  to  both  the  wavelengths  coincide 
is  ymin  and  y'min  is  the  corresponding  distance 
where  the  dark  fringes  due  to  both  the  wavelengths 
coincide.  Then 

<  IIT,  2004 

(a)  Tmm  =  2-25  mm  (b)  ymin  =  2.0  mm 
(c)  y'n in  =  4.5  mm  (d)  y'min  =  0.1  mm 

12.  In  Young’s  double  slit  experiment,  the  upper  slit  is 
covered  with  a  thin  glass  sheet  of  thickness  t  and 
refractive  index  lUl  while  the  lower  slit  is  covered 
with  another  glass  plate  of  the  same  thickness  t  but 
having  a  refractive  index  /u2  (>  U, ).  Interference 
pattern  is  observed  using  light  of  wavelength  A.  It 
is  observed  that  the  point  P  on  the  screen  where  the 
central  maximum  (n  =  0)  fell  before  the  plates  were 
introduced  now  has  (3/4)  the  original  intensity.  The 
phase  difference  between  the  interfering  waves  at 
point  P  now  is 

SOLUTIONS 

1.  The  correct  choices  are  (b),  (c)  and  (d). 

2.  The  correct  choices  are  (a),  (c)  and  (d). 

3.  /3,  =  ,  /3,  =  ,  Therefore, 

a  a 


(a) 

K 

J 

(b) 

(c) 

4  n 

(d) 

T 

<  IIT,  1997 

13.  In  Young’s  double  slit  experiment  the  separation 
between  the  slits  is  2  mm  and  the  distance  of  the 
screen  from  the  plane  of  the  slits  is  2.5  m.  A  light 
of  wavelengths  in  the  range  200  nm  to  800  nm  is 
allowed  to  fall  on  the  slits.  The  wavelengths  in  the 
visible  region  that  will  be  present  on  the  screen  at 
1  mm  from  the  central  maximum  are 

(a)  400  nm  (b)  500  nm 

(c)  600  nm  (d)  700  nm 

14.  A  parallel  beam  of  light  containing  two  wave¬ 
lengths  A  and  A'  is  incident  normally  on  a  narrow 
slit.  Fraunhofer  diffraction  pattern  is  obtained  on  a 
screen  placed  at  the  focal  plane  of  a  lens  of  focal 
length  0.5  m.  It  is  observed  that  the  second  mini¬ 
mum  of  A  and  the  third  minimum  of  A'  overlap 
at  the  same  point  on  the  screen  2.5  mm  from  the 
centre  of  the  screen.  If  A  =  6000  A, 

(a)  A'  =  4000  A 

(b)  A'  =  3000  A 

(c)  Slit  width  =  0.20  mm 

(d)  Slit  width  =  0.24  mm 

15.  In  a  Young  double  slit  experiment,  the  separation 
between  the  two  slits  is  dand  the  wavelength  of  the 
light  is  A.  The  intensity  of  light  falling  on  slit  1  is 
four  times  the  intesity  of  light  falling  on  slit  2. 
Choose  the  correct  choice(s). 

(a)  If  d  =  A,  the  screen  will  contain  only  one 
maximum 

(b)  If  A  <  d  <  2A,  at  least  one  more  maximum 
(besides  the  central  maximum)  will  be  ob¬ 
served  on  the  screen 

(c)  If  the  intesity  of  light  falling  on  slit  1  is 
increased  so  that  it  becomes  equal  to  that  of 
slit  2,  the  intensities  of  the  observed  dark  and 
bright  fringes  will  increase. 

(d)  If  the  intensity  of  light  falling  on  slit  2  is 
increased  so  that  it  becomes  equal  to  that  of 
slit  1,  the  intesities  of  the  observed  dark  and 
bright  frings  will  increase. 


B7  A, 

—  =  — ,  which  is  choice  (b). 

A  Ai 

Now  A,  =  —  =  —  .  Therefore, 

li  fi 
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A 


A j? 

A, 


A 

A* 


,  which  is  choice  (c). 


4.  In  the  case  when  the  slits  are  of  equal  width,  the 
intensity  of  light  emerging  from  the  two  slits  is  the 
same,  say,  70.  Then 


An  ax  “  A)  +  A)  +  2^1 1 070  -  470 

and  7min  =  70  +  70  -  2^/7070  =  0 

When  one  slit  say  Sj  is  made  twice  as  wide  as  the 
other,  the  intensity  of  light  from  .S',  is  doubled,  i.e. 
7j  =  270  but  72  =  70.  Hence,  in  this  case 

Cx  =  A  +  A  +  2^777 

=  270  +  70  +  2^21 070 
=  370  +  2^27  0  =  5.83  70 
an^  Anin  =  h  +  h~  27777 

=  270  +  70  -  2727777 
=  370  -  2V27  0  =  0.1 770 


Thus  7;ax  >  7max  and  7'min  >  7min, 


so  the  correct  choice  are  (a)  and  (c). 

5.  The  angular  width  of  the  central  maximum  is  2  A  la 
where  a  is  the  width  of  the  slit.  If  the  value  of  a  is 
doubled,  the  angular  width  of  the  central  maximum 
decreases  to  half  its  earlier  value.  This  implies  that 
the  central  maximum  becomes  much  sharper.  Fur¬ 
thermore  if  a  is  doubled,  the  intensity  of  the  cen¬ 
tral  maximum  becomes  four  times.  Thus  the  central 
maximum  becomes  much  sharper  and  brighter. 

The  correct  choice  are  (a)  and  (d). 


6. 


The  correct  choices  are  (a),  (c)  and  (d).  The  dis¬ 
tance  of  the  nth  bright  fringe  from  the  central  fringe 
is  given  by 


x 


n 


nXD 

~d~ 


The  distance  of  the  nth  dark  fringe  from  the  central 
fringe  is  given  by 


x 


*  = 
n 


ID 

d 


7.  The  correct  choices  are  (b)  and  (c). 

8.  All  the  four  choices  are  correct. 


9.  The  correct  choices  are  (b)  and  (d).  The  angular 
width  of  the  central  maximum  is  26{  where  dl  is 
given  by 

•  a  A 
sin  =  — 
a 


where  A  =  wavelength  and  a  =  width  of  the  slit. 
The  angular  separation  between  the  central  maxi¬ 
mum  and  the  first  order  maximum  is  02,  where  02 
is  given  by 

sm  6 1  =  — 

1  2  a 


10.  The  correct  choices  are  (b)  and  (d).  The  linear 

2  f  X 

separation  between  the  first  minima  =  — —  and 


between  the  first  maxima  = 


3/A 


11.  Let  nth  bright  fringe  of  wavelength  A„  and  the 
mth  bright  fringe  of  wavelength  Am  coincide  at  a 
distance  y  from  the  centre  of  the  screen.  Then 


or 

or 


or 


=  n  KD  _  m  K,D 

d  d 
nA„  =  mXm 

K_  =  m_ 

K  n 

750  _  m 
450  n 


or  —  =  — .  The  minimum  integral  values  of  m  and 
n  3 

n  that  satisfy  this  equation  arc  in  =  5  and  n  =  3. 
Therefore,  the  minimum  value  of  y  is 

nXnD  3  x  750  x  10-9  x  1 
AVn-  — -  ^3 

=  2.25  x  l(T3  m  =  2.25  mm 
The  only  correct  choice  is  (a).  All  other  choices  are 
wrong. 

12.  Refer  to  Fig.  27.11.  In  Young’s  double  slit  ex¬ 
periment,  slits  and  S2  are  equidistant  from  the 
source  S  and  the  slits  have  equal  widths.  Hence 
light  emerging  from  .S'|  and  S2  has  the  same  inten¬ 
sity,  say  70.  Before  the  plates  are  introduced,  the 
path  difference  (and  hence  the  phase  difference  0) 
at  the  central  point  P  between  the  interfering  waves 
is  zero.  Hence  the  intensity  at  point  P  is 

7  =  A,  +  70  +  27777  cos  °°  =  4A) 


Fig.  27.11 
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When  the  two  plates  are  introduced  the  path  differ¬ 
ence  at  the  central  point  P  between  the  interfering 
waves  becomes 

A  =  (ju2  -  l)t  -  (//i  -  \)t  =  (p2  ~  Hi)  t 

Phase  difference  0  =  —  =  —  (fi2  ~  P\ )t 

A  A 

Hence  the  intensity  at  point  P  becomes 


I'=  I0  +  I0+  2yjl0  T0  cos  (j> 
=  2/0  +  2/0  cos  0 
3/  3 

Given  that  V  =  —  =  —  x  4/n  =  3/n.  Thus 
4  4  0  0 


3 10  =  2/0  +  2/0  cos  <j) 

or  cos  0  =  — 

2 

±  n  5k  Ik 

or  0=  — , — , — ....  etc. 

3  3  3 


Thus  the  correct  choices  are  (a)  and  (d). 

13.  The  distance  of  the  nth  maximum  from  the  centre 
of  the  screen  is  given  by 


yn  = 


n  AD 
d 


or  A 


n  D 


Given  d=  2  X  10  3  m ,D  =  2.5  m  andy„  =  10  3  m. 
Thus 

.  _  10“3  x2xl0“3 

A  —  - 

n  x  2.5 


1 


n 


x  8  x  10  7  m  = 


8000  A 

n 


Here  n  is  an  integer  having  values  1,  2,  3,  ...  etc. 
For  n  =  1  ;  A\  =  8000  A 

For  n  =  2  ;  A2  =  4000  A 


For 

For 


n  =  3  ;  Aj 
n  =  4  ;  A4 


8000  A 
3 

2000  A 


=  2667  A 


Wavelength  8000  A  is  in  the  infrared  region, 
wave-length  4000  A  is  in  the  visible  region  and 
wavelengths  2667  A  and  2000  A  are  both  in  the 
ultraviolet  region  of  the  electromagnetic  spectrum. 
So  the  only  correct  choice  is  (a). 

14.  The  nth  minimum  lies  along  a  direction  9n  given  by 


a  sin  6n  =  nA;  n  =  1,  2,  3,  ...  etc. 
or  a  9n  =  nA  (v  9n  is  small) 


or 


(1) 


a 

The  second  minimum  of  A  lies  along  a  direction  92 
which  is  given  by  putting  n  =  2  in  Eq.  (1). 


(2) 


a 

The  third  minimum  of  A'  lies  along  a  direction  92 
which  is  given  by  putting  n  =  3  in  Eq.  (1). 


(3) 

a 

Given  92  =  9',.  Hence,  equating  Eqs  (2)  and  (3),  we 
have 

2A  3A' 


a  a 


or 


2x6000  A 
3 


=  4000  A 


If  y  is  the  distance  of  the  second  minimum  of  A  (or 
third  minimum  of  A'),  then,  using  Eq.  (1),  we  have 


y  =  f°2 


2/A  2/ A 

-  or  a  = 

a  y 


(4) 


Given  /=  0.5  m,  A  =  6000  A  =  4  x  10~7  m  and 
y  =  2.5  mm  =  2.5  x  10~3  m.  Using  these  values  in 
Eq.  (4)  we  get  a  =  2.4  x  10~4  m  =  0.24  mm. 

So  the  correct  choices  are  (a)  and  (d). 


15.  Refer  to  following  figure. 

Path  difference  A  =  d  sin  9.  For  maxima  A  =  n  A; 
n  =  0,  1,  2,  ...  etc.  For  the  central  maximum  («  =  0), 


d  sin  90  =  0  which  gives  90  =  0.  The  central  maxi¬ 
mum  appears  at  point  P0.  For  the  next  maximum 
(n  =  1),  d  sin  9X=  A.  For  d=  A,  we  have  sin  0,  =  I  or 
0[  =  90°.  Hence  the  next  maximum  (after  the  cen¬ 
tral  maximum)  is  not  seen  on  the  screen.  So  choice 
(a)  is  correct. 


If  A  <  d  <  2  A,  sin  0j  lies  between  —  and  1,  i.e.0 


lies  between  30°  and  90°.  So  at  least  one  more  max¬ 
imum  (besides  the  central  maximum)  will  be  seen 
choice  (b)  is  also  correct. 

The  resultant  intensity  is  given  by 
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/,.  =  /|  +  /2  +  2  cos  </) 

4ax=A+/2  +  2v/4^ 

and  7min  =  Ix  +  I2- 2  4hh 

For/,  =  4/ and /2,  =  7,  we  have  7max  =  97 and 7min  =  7. 


If  7,  =  7  =  I2,  than  7max  =  47  and  7min  =  0.  So  the  in¬ 
tensity  of  maxima  and  minima  both  will  decrease. 
Hence  choice  (c)  is  incorrect. 

If  7j  =  47  =  I2,  then  7max  =16  7  and  7min  =  0.  Hence 
the  intensity  of  maxima  increases  while  the  int¬ 
ensity  of  minima  decreases.  So  choice  (d)  is  also 
incorrect.  Choice  (a)  and  (b)  are  correct. 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

In  a  modified  Young’s  double  slit  experiment,  a  monoch¬ 
romatic  and  parallel  beam  of  light  of  wavelength  6000 

A  and  intensity  —  WnY2  is  incident  nonnally  on  two 
K 

circular  apertures  A  and  B  of  radii  0.001  m  and  0.002 
m  respectively.  A  perfectly  transparent  film  of  thickness 
2000  A  and  refractive  index  1.5  for  the  wavelength  6000  A 
is  placed  in  front  of  aperture  A  (Fig.  27.12). 


1.  The  ratio  of  the  powers  received  at  aperture  A  to 
that  at  aperture  B  is 

(a)  1  :  2  (b)  1:4 

(c)  1  :  8  (d)  1  :  16 

2.  The  phase  difference  between  the  interfering  waves 
at  point  F  is 


(a) 

K 

~6 

(b) 

(c) 

n 

4 

(d) 

3.  If  10%  of  the  power  received  by  each  aperture  goes 
in  the  original  direction,  the  resultant  power  at  point 
F  will  be 

(a)  5  pW  (b)  6  pW 

(c)  7  pW  (d)  8  pW 


SOLUTION 

10  2 

1.  Intensity  of  the  beam  (7)  =  —  Wm 

K 

Power  received  at  aperture  A  =  7  x  cross-sectional 
area  of  A 

=  —  x  7TX  (0.001)2  =  10~5  W 

K 

10  2 
Power  received  at  aperture  B  =  —  x  kx  (0.002) 

n 

=  4  x  10~5W 

So  the  correct  choice  is  (b). 

2.  The  phase  difference  at  F  is 

o  /  , .  2n 

8=  (p-  1)  x  t  x  — 


(1.5  - 1) x (2000 x  10~8 )x2n  n 

=  - - - — - =  —  rad 

(6000  x 10~8 )  3 

The  correct  choice  is  (b). 

3.  Since  10%  the  power  received  at  each  aperture 
goes  in  the  original  direction,  the  power  at  point 
F  due  to  the  two  apertures  respectively  is 

PA  =  10%  of  10  5  W  =  10~6  W 

PB  =  10%  of  4x  1 0~5  W  =  4  x  10~6W 

Now,  intensity  (and  hence  power)  is  proportional 
the  square  of  the  amplitude.  If  Ax  and  A2  are  the 
amplitudes  at  F  due  to  the  two  sources,  we  have 
PA  =  kA\  and  PB  =  kA\,  where  k  is  the  proportional¬ 
ity  constant.  Thus 
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A>=Jf  wdA>=U 


Resulting  amplitude 

A  —  *J~A\  +  A^  +  2  A2  cos  8 
Substituting  the  values  of  Ax,  A2  and  8,  we  get 


A  = 


7x10 


-6 


Resultant  power  at  F  =  kA~ 

=  kx  7x10  =  7  x  1 0~6  W 

k 

Hence  the  correct  choices  is  (c). 


Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 


A  narrow  monochromatic  beam  of  light  of  intensity  7 
is  incident  on  a  glass  plate  A  as  shown  in  Fig.  27.13. 
Another  identical  glass  plate  B  is  kept  close  to  A  and 
parallel  to  it.  Each  plate  reflects  25%  of  the  light  intensity 
incident  on  it  and  transmits  the  remaining.  Interference 


pattern  is  formed  by  beams  1  and  2  obtained  after 
reflection  at  each  plate. 

<  IIT,  1990 

4.  The  intensity  of  beam  2  is 


(a) 

(c) 


3/ 
16 
9 7 
32 


(b)  * 

32 

w  l 

64 


5.  The  ratio  of  the  intensities  of  beams  1  and  2  is 


(a) 

(c) 


16 

9 

25 

16 


6.  The  ratio  of  the  maximum  and  minimum  intensities 
in  the  interference  pattern  is 
(a)  16  :  1  (b)  25  :  1 

(c)  36  :  1  (d)  49  :  1 


SOLUTION 

4.  A  beam  of  light  of  intensity  7  is  incident  on  plate 
A.  Since  the  plate  reflects  25%  of  I,  the  intensity  of 
the  reflected  beam  1  (see  Fig.  27.14)  is 


3/  25  _  37 

TxIoo  ”  16 

A  beam  of  intensity  37/16  falls  on  plate  A  which 
transmits  75%  of  this  intensity.  Hence  the  intensity 
of  beam  2  is 


The  remaining  intensity  37/4  falls  on  plate  B  which 
reflects  25%  of  the  intensity  incident  on  it.  Hence 
intensity  of  beam  reflected  from  B  is 


/  =  37  x  75  97 
2~  16  X  100  _  64 

So  the  correct  choice  is  (d). 

h  _  //4  16 

5.  ~T  ~  R7777  =  —  ,  which  is  choice  (a). 

I2  97/64  9  ' 

6.  The  ratio  of  amplitudes  is  —  =  ,  —  =  — .  Thus  . 

a2  V  9  3 

a1  =  4  units  and  a2  =  3  units. 


Anax  _  I 

r  ax  +  a2  ^ 

2 

f4  +  3"j 

Anin 

V  al  ~  a2  ) 

l4  -  3  J 

Thus  the  correct  choice  is  (d). 
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Questions  7  to  9  are  based  on  the  following  passage 
Passage  III 

Two  parallel  beams  of  light  P  and  Q  (separation  d)  each 
containing  radiations  of  wavelengths  4000  A  and  5000 
A  (which  are  mutually  coherent  in  each  wavelength 
separately)  are  incident  normally  on  a  prism  as  shown  in 
Fig.  27. 15.  The  refractive  index  of  the  prims  as  a  function 
of  wavelength  is  given  by 


Fig.  27.15 

SOLUTION 

7.  Given  A  =  4000  A  and  X'  =  5000  A.  Also 

At  =  1.20+  ^  (1) 

A 

It  follows  from  this  relation  that  the  value  of  n  is 
greater  for  A  than  for  X'.  The  angle  of  deviation  is 
greater  for  greater  value  of  ji.  Hence  the  correct 
choice  is  (a). 

8.  The  relation  between  refractive  index  /j.  and 
critical  angle  ic  is 

1 

sm  i.  =  — 

P 


where  X  is  in  A  and  b  is  a  positive  constant.  The  value  of 
b  is  such  that  the  condition  of  total  internal  reflection  at 
the  face  AC  is  just  satisfied  for  one  wavelength  and  is  not 
satisfied  for  the  other. 

<  IIT,  1991 

7.  The  angle  of  deviation  produced  by  the  prism  is 

(X  =  4000  A,  X'  =  5000  A) 

(a)  greater  for  beam  X  than  for  beam  X' 

(b)  less  for  beam  X  than  for  beam  X' 

(c)  equal  for  both  the  wavelengths 

(d)  zero  for  both  the  wavelengths. 

8.  The  value  of  b  is  (given  sin  9  =  0.8) 

(a)  2  x  105  (A)2  (b)  4  x  105  (A)2 

(c)  8  x  105  (A)2  (d)  1  x  104  (A)2 

9.  The  refractive  index  of  the  prism  for  5000  A  wave¬ 
length  is 

(a)  1.5  (b)  V2 

(c)  greater  than  1.25 

(d)  less  than  1.25. 


Fig.  27.16 

„-n_=A_=±,U5 

sin  ic  sin  9  0.8 

[  v  sin  9  =  0.8  (given)] 

Substituting  U  =  1 .25  and  X  =  4000  A  in  relation  (1), 
we  have 

1.25  =  1.20  +  — — T 
(4000)2 

which  gives  b  =  8  x  105  (A)2,  which  is  choice  (c). 

9.  Using  b  =  8  x  105  (A)2  and  X'=  5000  A  in  Eq.  (1), 
we  get 

,  .  ,  8  x  105 

u  =  1.20  +  - -  =  1.232 

(5000)2 

So  the  correct  choice  is  (d). 


Thus,  the  smaller  the  value  of  fi,  the  greater  is  the 
angle  ic.  It  follows  from  relation  (1)  that  n  for  X  is 
greater  than  /u'  for  X'.  Hence  ic  for  X  is  less  than 
i'c  for  X'.  It  follows  from  Fig.  27.16  that  the  angle 
of  incidence  at  face  AC  is  the  same  (=  9)  for  both 
beams.  It  is  given  that  the  condition  of  total  inter¬ 
nal  reflection  at  face  AC  is  just  satisfied  for  one 
of  the  wavelengths.  Since  ic  for  X  (=  4000  A)  is 
less  than  i'c  for  X'(=  5000  A),  it  is  obvious  that  the 
radiation  of  wavelength  X  =  4000  A  is  just  totally 
reflected  and  the  other  radiation  of  wavelength 
X'  =  5000  A  is  transmitted  through  the  face  AC  (see 
Fig.  27.16)  _ _ 
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Questions  10  to  13  are  based  on  the  following  passage 
Passage  IV 

A  glass  plate  of  refractive  index  fj.i  =  1.5  is  coated  with  a 
thin  layer  of  thickness  t  and  refractive  index  fa  =  1.8.  Light 
of  wavelength  A  travelling  in  air  is  incident  normally  on 
the  layer.  It  is  partly  reflected  at  the  upper  and  the  lower 
surfaces  of  the  layer  and  the  two  reflected  rays  interfere. 

<  IIT,  2000 

10.  The  two  reflected  waves  interfere  constructively  if 
(n  is  an  integer) 

,  .  nX  .  nX 

(a)  t  =  -  b)  t  =  - 

2  fa  2(fa-fa) 


(c)  t 


(d)  t 


SOLUTION 


10.  Refer  to  Fig.  27.17.  A  ray  of  light  travelling  in  air 
(fa  =  1)  falls  normally  on  a  thin  layer  (fa  =  1-8)  of 
thickness  t.  It  is  partly  reflected  at  point  P  as  wave 
1  and  partly  refracted  as  wave  2.  Wave  2  on  meeting 
the  surface  of  the  glass  plate  (fa  =  1.5)  is  reflected 
at  point  Q  and  travels  along  QP. 


iUi  =  1 

,  1 

P  Air 

> 

<2 

CO 

II 

CN 

3. 

Thin 

. q  Layer 

Glass 

3=1-5 

Plate 

Fig.  27.17 


t 

f 

I 


Waves  1  and  2  meet  at  point  P  where  they  interfere. 
We  know  that  when  a  wave  is  travelling  in  a  rarer 
medium  and  gets  reflected  at  the  boundary  of  a 
denser  medium,  it  undergoes  a  phase  change  of  n 
or  a  path  change  of  A/2.  Thus  wave  1  has  an  optical 
path  of  Aj  =  A/2.  Wave  2  travelling  from  P  to  Q  in  the 
layer  of  refractive  index  1.8  gets  reflected  at  Q  from 
the  boundary  of  glass  of  refractive  index  1.5.  Thus 
wave  2  travelling  in  a  denser  medium  is  reflected 
from  the  boundary  of  a  rarer  medium  undergoes  no 


11.  If  A  =  648  nm,  the  least  value  of  t  for  which  the 
waves  interface  constructively  is 

(a)  90  nm  (b)  180  nm 

(c)  108  nm  (d)  216  nm 

12.  The  two  reflected  waves  interfere  destructively  if 


(a)  t 


nX 
2  fa 


(b)  t 


nX 
2  fa 


(c)  t 


2  fa 


(d)  t 


2  fa 


13.  If  A  =  648  nm,  the  least  value  of  t  for  which  the 
waves  interfere  destructively  is 


(a)  90  nm  (b)  180  nm 

(c)  108  nm  (d)  216  nm 


phase  change  due  to  reflection.  Thereore,  Optical 
path  for  wave  2  from  P  to  0  and  from  0  to  P  in  the 
layer  is 

A2  =  refractive  index  of  layer  x  2 (PQ) 

=  fax  2t  =  2  fat 

Optical  path  difference  between  waves  1  and  2 
at  point  p  is 

A 

A  -  A2  —  Aj  —  2 fat  —  — 


Now,  for  constructive  interference,  A  =  nX;  n  =  0, 

1,2,  ... 


or 


or 


„  A 

j  - 


2  Ht 


nX  or 


2  faj 


11. 


So  the  correct  choice  is  (c). 

The  minimum  value  of  t  corresponds  to  n  =  0. 
Hence 


648  nm 
4x1.8 


90  nm. 


So  the  correct  choice  is  (a) 


12.  For  destructive  interference  A  = 


A . Hence 


2 
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which  gives  t  = 


which  is  choice 


(a). 


648nm 

2x1.8 


=  180  nm 


13.  The  minimum  value  of  t  corresponds  to  h  =  1. 
Hence 


Thus  the  correct  choice  is 


(b). 


Questions  14  to  16  are  based  on  the  following  passage 
Passage  V 

Figure  27.18  shows  a  surface  XY  separating  two 
transparent  media,  medium- 1  and  medium-2.  The  lines 
ab  and  cd  represent  wavefronts  of  a  light  wave  traveling 
in  medium- 1  and  incident  on  XY.  The  lines  of  ef  and  gh 
represent  wavefronts  of  the  light  wave  in  medium-2  after 
refraction. 

b  d 


medium-1 


X 


e 

Fig.  27.18 

g  I  I  T.  2007 


medium-2 


14.  Light  travels  as  a 

(a)  parallel  beam  in  each  medium 

(b)  convergent  beam  in  each  medium 

(c)  divergent  beam  in  each  medium 

(d)  divergent  beam  in  one  medium  and  conver¬ 
gent  beam  in  the  other  medium 

15.  The  phases  of  the  light  wave  at  c,  d,  e  and /  are 
( pc ,  <t)d,(t>e  and  ^  respectively.  It  is  given  that  ^ 

(a)  (f)c  cannot  be  equal  to  (f)d 

(b)  <f)d  can  be  equal  to  (pe 

(c)  (<Pd  ~<Pj)  is  equal  to  ((/)c-  <j>e) 

(d)  ((j)d-  (j)c)  is  not  equal  to  (</y  -  0e) 

16.  Speed  of  light  is 

(a)  the  same  in  medium- 1  and  medium-2 

(b)  larger  in  medium- 1  than  in  medium-2 

(c)  larger  in  medium-2  than  in  medium- 1 

(d)  different  at  b  and  d 


SOLUTION 

14.  The  rays  of  light  are  perpendicular  to  the  wave- 
front.  Since  the  wavefronts  in  both  the  media  are 
plane  and  parallel,  the  corresponding  beam  of  light 
in  each  medium  will  be  parallel.  Therefore,  the  cor¬ 
rect  choice  is  (a). 

15.  All  points  on  a  wavefronts  are  in  the  same 
phase  of  oscillation.  Therefore  </>c  =  (j)d  and 

<t>e 

=  (&-&) 

Hence  the  correct  choice  is  (c). 

16.  The  direction  of  the  rays  is  perpendicular  to  the 
wavefront.  It  is  clear  from  the  diagram  that  the 
refracted  rays  bend  towards  the  normal  (v  angle 
r  is  less  than  angle  z)  as  the  beam  travels  from 
medium- 1  into  medium-2.  Therefore  medium-2  is 
denser  than  medium- 1.  Hence  the  speed  of  light  is 


smaller  in  medium-2  than  in  medium- 1.  Thus  the 
correct  choice  is  (b). 


b 
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# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  True,  Statement-2  is  True; 
Statement-2  is  NOT  a  correct  explanation  for 
Statement- 1 . 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement-1 

Red  light  travels  faster  in  glass  than  green  light. 

Statement-2 

The  refractive  index  of  glass  is  less  for  red  light 
than  for  green  light. 

2.  Statement-1 

In  Young’s  double  slit  experiment,  if  the  width 
of  the  source  slit  is  increased,  the  fringe  pattern 
becomes  indistinct. 

Statement-2 

The  angular  width  of  interference  maxima 
increases  if  the  width  of  the  source  slit  is  increased. 

SOLUTIONS 

1.  The  correct  choice  is  (a).  Refractive  index  of  a  me¬ 
dium  is  defined  as 

speed  of  light  in  vacuum 
speed  of  light  in  the  medium 

The  refractive  index  of  glass  is  less  for  light  of 
longer  wavelength.  The  wavelength  of  red  light  is 
more  than  that  of  green  light.  Hence  fiR  <  fXG  which 
implies  that  the  speed  of  red  light  is  more  than  that 
of  green  light  in  glass. 

2.  The  correct  choice  is  (c).  If  the  source  slit  is  wide,  the 
interference  pattern  becomes  indistinct  because  the 
interference  patterns  due  to  various  parts  of  the  source 


3.  Statement-1 

In  a  single  slit  diffraction  experiment,  if  the  width 
of  the  slit  is  increased,  the  diffraction  maxima 
become  sharper  and  brighter. 

Statement-2 

The  angular  width  the  diffraction  maxima  is 
inversely  proportional  to  the  width  of  the  slit. 

4.  Statement-1 

When  light  travels  from  a  rarer  to  a  denser  medium, 
its  speed  decreases. 

Statement-2 

Energy  carried  by  the  refracted  light  is  reduced. 

5.  Statement-1 

When  a  light  wave  travels  from  one  medium  to 
another,  its  frequency  remains  unchanged. 

Statement-2 

The  speed  of  the  wave  undergoes  a  change. 

6.  Statement-1 

When  a  light  wave  is  reflected  from  a  mirror,  it 
undergoes  a  phase  change  of  n. 

Statement-2 

The  direction  of  the  propagation  of  light  is  changed 
due  to  reflection. 


slit  overlap.  Consequently,  the  minima  will  not  be  to¬ 
tally  dark  and  the  fringe  pattern  becomes  indistinct. 

3.  The  correct  choice  is  (a). 

4.  The  correct  choice  is  (b).  The  energy  of  a  wave  is 
determined  by  the  square  of  its  amplitude;  it  does 
not  depend  on  the  speed  of  the  wave. 

5.  The  correct  choice  is  (c).  The  frequency  of  a  wave 
does  not  depend  on  its  speed  or  wavelength;  it  de¬ 
pends  on  the  frequency  of  the  source  which  pro¬ 
duces  that  wave. 

6.  The  correct  choice  is  (c).  The  phase  change  is  due 
to  the  reversal  of  amplitude  of  the  wave  on  reflec¬ 
tion  from  the  mirror. 
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Matrix  Match  Type 


1.  Column  I  shows  four  situations  of  standard  Young’s  double  slit  arrangement  with  the  screen  placed  far  away 
from  the  slits  .S',  and  S2.  In  each  of  these  cases  SfP{)  =  S2P0,  SfPl  -  S2Pl  =  A/4  and  S{P2  -  S2P2  =  A/3,  where  A  is 
the  wavelength  of  the  light  used.  In  the  cases  b,  c  and  d,  a  transparent  sheet  of  refractive  index  u  and  thickness 
t  is  pasted  on  slit  S2.  The  thicknesses  of  the  sheets  are  different  in  different  cases.  The  phase  difference  between 
the  light  waves  reaching  a  point  P  on  the  screen  from  the  two  slits  is  denoted  by  S(P)  and  the  intensity  by  I(P). 
Match  each  situation  given  in  Column  I  with  the  statement(s)  in  Column  II  valid  for  that  situation. 

Column  I  Column  II 


(a) 


(b)  (p-l)  t  =  A/4 


(c)  0-1)/=  A/2 


(d)  (jx-  1)  /-  3A/4 


Si 


ANSWERS 


(p)  8(P0)  =  0 

(q)  <500  =  0 

(r)  I(Pl)  =  0 

(s)  I  (P0)>  I  (P 0 

(t)  I(P2)>I(Pl) 

<  IIT,  2009 


(a)  ->  (p),  (s)  (b)  ->  (q) 

(c)  (t)  (d)  (r),  (s),  (t) 


Explanation: 


I  (P)  =  4/0  cos2  J  where  70  is  the  intensity  of 

each  interfering  beam  and  </>  is  the  phase  difference 
given  by 

</>=  x5(jP) 


(a)  At  P0,  8  (Pq)  =  0,  therefore  <p  (P{))  =  0  and  I(P0)  = 

4  4 

At  Px,  8  OO  =  —  =>  <j)  =  y  .  Therefore 


7  00  =  4/0  cos2  =21, 

Hence  /  O0)  >  I O0- 

At  P2,  8  (P2)  =  y  (/)  =  .  Therefore 

I O2)  =  4/0  cos2  =/0 

Hence  /  O2)  <  I OO 

So  the  correct  choices  are  (p)  and  (s). 
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(b)  At  P0,  8 (P0)  =  j  =>  (j)  =  ^ .  Therefore,  / (P0)  =  2/0 
At  Px,  8  (Px)  =  0.  Therefore,  /  (P,)  =  4 70 

..  D  x  ,D  .AAA  2tz:  A  7r 

2  2  3  4  12  Y  A  12  6 


Therefore  Z  (P2)  =  4  Z0  cosz  ^ — J  -3.1 10 
So  I  (Pt)  >  Z  (P2).  So  the  only  correct  choice  is  (q). 
A 

(c)  At  P0,  5  (P0)  =  —  .  Therefore  I  (P0)  =  0 

At  P„  S  (P,)  -  4  -  -  =  4  Therefore  /  (P,)  -  2  /„ 


Therefore  Z(P2)  =  4Z0  cos"  J  =  3Z0 

So  the  only  correct  choice  is  (t). 

3  A 

(d)  At  P0,  <5  (P0)  =  —  ^Z(P0)  =  2Z0 

At  Ph  5  (Pj)  =  ~  _  ~  ~  =>/(i,i)  =  0 

^  2^  5  A  57T 

( p=  X - = 

A  12  6 

Therefore,  Z  (P2)  =  4Z0  cos2  j  =  0.27  Z0  5^  0 
So  the  correct  choices  are  (r),  (s)  and  (t). 


Integer  Answer  Type 


1.  A  narrow  slit  is  placed  in  front  of  a  convex  lens  of 
focal  length  25  cm  and  is  illuminated  normally  with 
a  parallel  beam  of  light  of  wavelength  600  nm.  The 
first  diffraction  minima  on  either  side  of  the  central 
maximum  are  separated  by  6  x  10  3  m.  Find  the 
width  of  the  slit  (in  mm). 

<  IIT,  1997 


SOLUTION 

1.  For  a  slit  of  width  a,  the  angular  separation  between 
the  nth  minimum  and  the  central  maximum  is  given 
by 

•  a 

sin  =  — 

*  A 

For  first  minimum,  n  =  1 .  Hence  sin  dl  =  — .  Since  A 

a 

A 

«  a,  sin  0j  =  0X  (in  radian)  and  61=  —  .  Therefore, 

a 

the  angular  separation  between  the  first  minima  on 
either  side  of  the  central  maximum  is 

28,-  M 

a 


2.  A  coherent  parallel  beam  of  microwaves  of  wave¬ 
length  0.5  mm  falls  normally  on  Young’s  double 
slit  apparatus.  The  separation  between  the  slits  is 
1.0  mm  and  the  screen  is  placed  at  a  distance  of 
1.0  m  from  the  slits.  Find  the  number  of  minima  in 
the  interference  pattern  observed  on  the  screen. 

<  IIT,  1998 


The  linear  separation  A y  =  .  Hence 

a 

2/A  _  2  x  0.25  x  600  x  109 
Ay  ~~  6  x  1 0-3 

=  5  X  1 0  3  m  =  5  mm 

2.  When  the  incident  beam  falls  normally  on  the  slits 
.S' |  and  S2,  the  path  difference  at  the  central  point 
P0  of  the  screen  is  zero.  Hence  we  have  the  central 
maximum  atP0.  (Fig.  27.20) 

Let  the  minima  appear  along  directions  0  with 
respect  to  the  incident  direction.  Coherent  waves 
from  Aj  and  S2  along  this  direction  are  brought 
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to  a  focus  at  P.  It  is  clear  that  the  path  difference 
between  the  waves  from  .S',  and  S2  on  reaching  P  is 


sin  0  = 


A  =  d  sin  6 

The  interference  minima  will  appear  on  the  screen  if 


or 


A  = 

d  sin  Q  = 


A 

A 


where  m  is  an  integer.  Thus  the  directions  of  mini¬ 
ma  are  given  by 


sin  0  = 


Given  d=  1.0  mm  and  A  =  0.5  mm.  Therefore 


The  allowed  values  of  m  are  those  integers  for 
which  sin  6  is  not  more  than  +  1  or  less  than  —  1. 
These  values  are  m  =  1,  0,  -  1  and  -  2.  Hence  four 
minima  will  be  observed. 


y 


REVIEW  OF  BASIC  CONCEPTS 

28.1  |  PHOTOELECTRIC  EFFECT _ 

When  electromagnetic  radiation  of  appropriate  frequency 
falls  on  a  metal,  electrons  are  emitted.  This  phenomenon 
is  called  photoelectric  effect  and  the  emitted  electrons  are 
called  photoelectrons  because  they  are  liberated  by  means 
of  light. 

Einstein’s  Photoelectric  Equation 

The  classical  electromagnetic  wave  theory  of  light,  which 
successfully  explained  interference,  diffraction,  and 
polarization  of  light,  could  not  account  for  the  observations 
related  to  photoelectric  effect.  In  1900  Planck  postulated 
that  light  waves  consist  of  tiny  bundles  of  energy  called 
photons  or  quanta.  The  energy  of  a  light  wave  of  frequency 
V  is  given  by  E  =  hv,  where  h  is  Planck’s  constant.  Photon 
is  simply  a  light  wave  of  energy  E. 

Following  Planck’s  idea,  Einstein  proposed  a  theory 
for  photoelectric  effect.  According  to  him,  when  a  photon 
of  light  falls  on  a  metal,  it  is  absorbed,  resulting  in  the 
emission  of  a  photoelectron.  The  maximum  kinetic  energy 
Kmax  =  1/2  mv2max  of  the  emitted  electron  is  given  by 

1  9 

2  mvmm  =  hv  -  W0  (1) 

This  is  the  famous  Einstein’s  photoelectric  equation.  The 
tenn  hv  represents  the  total  energy  of  the  photon  incident  on 
the  metal  surface.  The  photon  penetrates  a  distance  of  about 
1 0  x  m  before  it  is  completely  absorbed.  In  disappearing,  the 
photon  imparts  all  its  energy  to  a  single  electron.  Part  of  this 
energy  is  used  up  by  the  electron  in  freeing  itself  from  the 
atoms  of  the  metal.  This  energy  designated  by  W0  in  Eq.  (1) 
is  called  the  work-function  of  the  metal  and  is  a  characteristic 
of  it.  The  rest  of  the  energy  is  used  up  in  giving  the  electron 
kinetic  energy. 


The  work  function  W0,  i.e.  the  energy  required  to  pull 
an  electron  away  from  the  surface  of  the  metal,  is  large  for 
heavier  elements  like  platinum  whereas  for  other  elements 
like  alkali  metals,  W0  is  quite  small.  The  minimum,  or 
threshold,  energy  which  a  photon  must  have  to  free  the 
electron  from  the  surface  of  the  metal  should  be  equal 
to  its  work  function.  If  the  threshold  frequency  is  v0  the 
threshold  energy  is  hv0.  Thus 
W0  =  hvo 

Einstein’s  photoelectric  equation  therefore  becomes 

1  9 

-  mvm.„  =  h(v-  v0)  (2) 

It  is  evident  that  when  v  <  v0,  no  electron  is  emitted 
for  any  intensity  of  light.  When  v  >  v0,  the  energy  of  the 
electron  increases  linearly  with  the  frequency  V  of  light. 
Since  intensity  of  light  is  a  measure  of  the  number  of 
photons  and  since  each  photon  emits  a  photoelectron  on 
absorption,  the  intensity  of  photoelectrons  is  proportional 
to  the  intensity  of  light. 

Below  a  certain  negative  voltage  V0,  no  photoelectrons 
are  emitted  no  matter  what  the  intensity  of  light  is.  This 
voltage  is  called  the  cut-off  or  stopping  potential.  Since 
there  is  no  photoelectric  emission  at  potentials  less  than  V0, 
the  maximum  velocity  vmax  acquired  by  the  photoelectrons 
is  given  by 

1  2 

4ax  =  -  mVmax  = 

where  Kmax  is  the  maximum  kinetic  energy.  V0  is  given 
by 

eV0  =  h  (v-  v0) 

or  yo  =  j  (v  -  v0)  (3) 
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Laws  and  graphs  of  photoelectric  effect 


(1)  For  a  given  emitter  illuminated  by  radiation  of  a 
given  frequency,  the  photoelectric  current  is  pro¬ 
portional  to  the  intensity  of  radiation  (Fig.  28.1) 


Photoelectric 

current 


Fig.  28.1 

(2)  The  maximum  kinetic  energy  (Xmax)  of  photoelec¬ 
trons  is  proportional  to  the  frequency  (v)  of  the 
incident  radiation  and  is  independent  of  intensity 
of  the  radiation  (Fig.  28.2). 


Fig.  28.2 

4ax  =  KV  -  Vq) 

Slope  of  graph  =  /z(Plank’s  constant). 

K,mx  =  0  when  v  <  V  (threshold  frequency) 

(3)  For  every  emitter  there  is  definite  threshold  frequency 
(v0)  below  which  no  photoelectrons  are  emitter  no 
matter  what  the  intensity  of  radiation  is. 

(4)  Graph  of  stopping  potential  ( V0 )  versus  frequency 
V  of  incident  radiation  (Fig.  28.3). 

Metal  A 


Fig.  28.3 

V0=  -  (v  -  v0) 
e 

h 

Slope  of  graph  =  — ,  which  is  the  same  for  all 
metals.  e 


(5)  Graph  of  photoelectric  current  (z)  versus  voltage 
(V)  for  radiations  of  different  intensities  (7)  >  I2 ) 
but  of  the  same  frequency  (Fig.  28.4). 


Fig.  28.4 

(6)  Graph  of  photoelectric  current  (z)  versus  voltage 
(V)  for  radiations  of  different  frequencies  (vq  >  v2) 
but  of  the  same  intensity  (Fig.  28.5) 


Fig.  28.5 

c 

(7)  Threshold  wavelength  is  A0  =  —  .For  photoelec¬ 
tric  emission  X  <  X0.  v° 


EXAMPLE  28.1 


A  metal  of  work  function  3.3  eV  is  illuminated  by 
light  of  wavelength  300  nm.  Find  (a)  the  threshold 
frequency  of  photoelectric  emission,  (b)  the  maxi¬ 
mum  kinetic  energy  of  photoelectrons  and  (c)  the 
stopping  potential.  Take  h  =  6.6  x  10~34  Js. 


SOLUTION 


(a)  W0  =  3.3  eV  =  3.3  x  1.6  x  10~19  J 
Threshold  frequency  is 

=  W0  _  3.3  x  1.6  x  10~19 
V°  h  ~  6.6  x  10~34 

=  8  x  1014  Hz 

(b)  Frequency  of  incident  radiation  is 

=  c  _  3  x  108 
X  ~  300  x  10~9 
=  10  x  1014  Hz 
•••  ^max  =  HV  -  V0) 

=  (6.6  x  10~34)  x  (10  x  1014  -  8  x  1014) 
=  1.32  x  10~19  J 
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(c)  Kmax=eV0 


EXAMPLE  28.2 


Jf 

j/  _  max 


1.32x10 


-19 


1.6x10 
=  0.825  V 


-9 


Photoelectric  emission  from  a  metal  begins  at  a  fre¬ 
quency  of  6  x  1 014  Hz.  The  emitted  electrons  are  fully 
stopped  by  a  retarding  potential  of  3.3  V.  Find  the 
wavelength  (in  nm)  of  the  incident  radiation.  Take 


h  =  6.6  x  10~34  Js. 


SOLUTION 


eV0=  h(v  -  v0) 

(1.6  x  10~19)  x  3.3  =  (6.6  x  10~34)  x  (v-  6  x  1014) 
v  =  1.4 


1015  Hz 


_  _  c  _  3x10' 


=  2.14  x  10~7  m  =  214  nm 


v  1.4x10 


EXAMPLE  28.3 


15 


Light  of  wavelength  300  nm  is  incident  on  two  met¬ 
als  A  and  B  whose  work  functions  are  respectively 
4  eV  and  2  eV.  Which  of  the  two  metals  will  emit 
photoelectrons? 


SOLUTION 


Energy  of  incident  radiation  is 

„  ,  he  (6.6  x  10~34)  x  (3  x  108) 

E  =  hv  =  —  =  - „ - 

A  300  x 10~9 

=  6  x  10~19  J 

6  x  10~19 


1.6x10 


-19 


=  3.75  eV 


Photoelectrons  will  be  emitted  from  the  metal  if  E  is 
greater  than  the  work  function  of  the  metal.  Hence 
metal  B  will  emit  photoelectrons  but  A  will  not. 


EXAMPLE  28.4 


For  photoelectric  affect  in  a  metal,  the  graph  of  stop¬ 
ping  potential  V0  (in  volt)  versus  frequency  V  (in  Hz) 
of  the  incident  radiation  is  shown  in  Fig.  28.6.  From 
the  graph  find, 

(a)  threshold  frequency 

(b)  Planck’s  constant  and 

(c)  work  function  of  the  metal. 


20  16.5 


(vxlO15) 


SOLUTION 


Fig.  28.6 


eV0=  h(v  -  v„) 
h 

V0=  —  (v  —  v0 ) 
e 


0) 


(a)  It  follows  from  Eq.  (1)  that  v  =  v0  if  V0  =  0. 


Hence  v0  =  4  x  1015  Hz 


h 


(b)  The  slope  of  V0  versus  v  graph  =  — 

e 


Now  slope  = 


=  4.125  x  10 


-15 


16.5-0 
(8  -  4)  x  1015 
h  =  e  x  slope 

=  (1.6  x  10~19)  x  (4.125  x  10-15) 
=  6.6  x  10  34  Js 

(c)  W0  =  hv0  =  (6.6  x  10~34)  x  (4  x  1015) 


=  26.4  x  10 
=  16.5  eV 


-19 


EXAMPLE  28.5 


Calculate  the  number  of  photons  emitted  per  second 
by  a  transmitter  of  power  10  kW  sending  radiowaves 
of  frequency  6  x  105  Hz.  Take  h  =  6.63  x  10~34  Js. 


SOLUTION 


Let  N  be  the  number  of  photons  emitted  in  time  t. 
Energy  of  1  photon  =  hv.  Therefore,  energy  of N pho¬ 
tons  =  Nhv.  Therefore,  the  power  is 

Nhv 

P  =  -  =  nhv, 

t 

n  =  number  of  photons  emitted  per  second. 


or 


n  = 


P 

hv 


lOxlO3 


(6.63  x  10-34)  x  6  x  10 


=  2.5  x  1031  photons  per  second 
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EXAMPLE  28.6 


I  The  stopping  potential  of  a  metal  is  3  V  when  it  is 
illuminated  by  light  of  wavelength  500  nm.  What 
will  be  the  stopping  potential  of  the  metal  when  the 
wavelength  is  600  nm?  Also  find  the  cut-off  frequen¬ 
cy  and  work  function  of  the  metal.  Take  h  =  6.6  x 
10~34  Js. 


SOLUTION 


IeVx  =  h(vx  -  v0) 
eV0=  h(v2  -  v0) 

Subtracting,  we  get 

e(V]  -  V2)  =  h(vx  -  v2) 

=>  V\  ~  V2=  —  (Vi  -v2) 

e 


0) 

(2) 


h 

e 

he 

e 


c  c  ^ 

K  ^2  J 

%-V 

v  2.jA2  , 
r-3 


6.6  x  10  x  3  x  10 


-19 


1.6x10 

6  x  10~'  -  5  x  10~ 

6  x  5  x  10-14  j 

=  0.4  V 

V2=  Vx  - 0.4  =  3  -  0.4  =  2.6  V 


From  Eq.  (1), 


v0  =  vt  - 


c  eVx 
A,  h 

3  x  108  1.6  x  10~19  x  3 

6  x  1 0-7  6.6  x  10-34 

=  4.27  x  1014  Hz 

W0  =  hv0  =  6.6  x  10-34  x  4.27  x  1014 
=  2.82  x  10~19  J  =  1.76  eV 


EXAMPLE  28.7 


I  Ultraviolet  light  of  wavelength  250  nm  falls  on  the 
metal  emitter  of  a  photocell.  If  the  stopping  potential 
is  1.2  V,  find  the  work  functions  of  the  metal.  Will  the 
photocell  work  if  yellow  light  of  wavelength  600  nm 
is  used?  Take  h  =  6.6  X  10~34  Js. 


SOLUTION 


v~  C  - 


3  x  108 


=  1.2  x  1015  Hz 


A  250  x 10~ 
eV0  =  h(y  -  v0)  =  hv  -  W0 
W0  =  hv-  eV o 

=  6.6  x  10_34  x  1.2  x  1015  -  1.6  x  10~19  x  1.2 
=  6  x  10~19  J  =  3.75  eV 


M  W0  6x10 

Now  v0  =  —  =  - 


,-19 


h  6.6x10 
Frequency  of  yellow  light  is 


-34 


C 

v’~  A 


3x10 


600x10 


-9 


=  0.9  x  1015  Hz 


=  0.5  x  1014  Hz 


Since  vv  <  v0,  the  photocell  will  not  work  with  yellow 
light  as  no  photoelectrons  will  be  emitted. 
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BOHR'S  THEORY  OF  HYDROGEN  LIKE 
ATOM 


(a)  Bohr’s  quantization  condition:  The  magnitude  of 
angular  momentum  of  the  electron  in  a  circular 
orbit  is 

nh  nh 

L  =  —  -»  mVnrn  -  — 

2  n  2  n 

where  m  =  mass  of  electron,  rn  =  radius  of  nth  cir¬ 
cular  orbit,  vn  =  orbital  speed  of  electron  in  the 
nth  orbit,  h  =  Planck’s  constant  and  n  is  an  integer 
called  the  principal  quantum  number. 

(b)  Speed  of  electron  in  nth  orbit  is 


V,  = 


2e0  hj 


where  Z  =  atomic  number  of  atom.  For  hydrogen 

Z  =  1.  For  a  given  atom  vn  —  .  Substituting  the 

n 

known  values  of  e,  e0  and  /?  we  get 

vn  =  (2.2  x  106  ms-1)  x  — 


(c)  Radius  of  nth  orbit  is 


£o_lr 
(  nme "  J 


(0.53  x  10-10m)  T2- 


=  (0.53A)  — 


For  a  given  atom  rn  oc  nz. 
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(d)  Total  energy  of  electron  in  nth  orbit 

K.E.  =  -7± — ;  P.E.  = 

8  ne0rn 


Ze2 


4  KE0rn 


P.E.  =  -2K.E. 

Total  energy  of  electron  in  nth  object  is 

E„  =  K.E.  +  P.E.  =  K.E.  -  2K.E.  =  -K.E. 

Ze2 


^  E"  ft 

87te0  >'n 

Putting  the  value  of  r„,  we  get 


( 


E  = 


4  h 
me 

^lh2J 


7A 

=  (-21.76  x  10~19  J)  — 


=  (-13.6eV)  — 
n 

(e)  Time  period  of  revolution  of  electron  in  nth  orbit 
is 


T  -  2nr '»  - 

1  n 


V. 


n 


Ue2h^ 

4 

V  me  J 


\  =(1.51x10-16s)  ^ 

z~  z2 


(f)  Frequency  of  revolution  of  the  electron  in  nth  orbit  is 

^2 

T 


v„=  ^  =  (6.6  x  1015  Hz) 

L,  n 


n 


(g)  Wavelength  of  emitted  radiation:  When  an  electron 
jumps  from  a  higher  energy  state  n  =  n2  to  a  lower 
state  n  =  nh  a  photon  of  energy  hv  of  radiation  is 
emitted. 

hv  =  E„  -  E„ 


he 

T 

j_ 

a 


m  e4  ^ 

l  8  £o  h2  ) 


( 


m  e 


4  V 


!  el  h2  c 


-  =  RuZ2 

A 


y  o  n  e  j 

f 

r7l 
H- 


J _ \_ 

V”2  n\  J 

\ _ \_ 

\  nl  "2  7 


1  1 


ynf  n\) 


where  RH  = 


m  e 


el  h2c 


=  1.097  x  107  m  1  is  called 


Rydberg  constant. 

(h)  Main  Series  of  Hydrogen  Spectrum  (Z=  1) 
(1)  Lyman  series:  nx  =  1,  n2  =  2,  3,  4,...c 


-  =  R¥ 
A  J 


<2  2  , 

1  «2  J 


Amin  =  91.2  nm,  Amax  =  121.6  nm 


Spectral  lines  in  Lyman  series  lie  in  the 
ultraviolet  region. 

(2)  Balmer  series:  n,  =  2,  n2  =  3,  4,  5,...°o 


■'2  J 


Amin  =  364.5  nm,  Amax  =  656.1  nm 
Spectral  lines  in  Balmer  series  lie  in  the  vis¬ 
ible  region. 

(3)  Paschen  series:  nl  =  3,  n2  =  4,  5,  6,...°° 


—  =  R, 


1  1 

T2  ~~2 

’  n2  ) 


Amin  =  820.1  nm,  Amax  =  1874.6  nm 
Spectral  lines  in  Paschen  series  lie  in  the 
infrared  region. 

(4)  Brackett  series:  nx  =  4,  n2  =  5,  6,  7,...°° 


*2  J 


Amin  =  1458  nm,  Amax  =  4050  nm 

These  spectral  lines  also  lie  in  the  infrared 

region. 

(i)  The  energy  of  electron  in  hydrogen  atom  in  the 
ground  state  is  -13.6  eV. 

(j)  The  ionization  potential  of  hydrogen  atom  in  the 
ground  state  is  13.6  V.  Ionization  potential  of  a 

,  ,  .  ,  13.6Z2  , 

hydrogen  like  atom  in  ^th  state  =  - - —  volt. 

n 


EXAMPLE  28.8 


The  energy  required  to  excite  a  hydrogen  atom  from 
n  =  1  to  n  =  2  energy  state  10.2  eV.  What  is  the  wave¬ 
length  of  the  radiation  emitted  by  the  atom  when  it 
goes  back  to  its  ground  state? 


SOLUTION 


Given E2-El  =  10.2  eV=  10.2  x  1.6  x  10  19  J. 
Therefore,  frequency  the  emitted  radiation  is 

e2  /•:, 

v=  — - 

h 

and  wavelength  is 

A  _  c  _  ch 
v  E2  -  £j 

_  3  x  108  x  6.6  x  10~34 
10.2  x  1.6  xl0“19 
=  1.22  x  10^7  m 
=  1220  A  =  122  nm 
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EXAMPLE  28.9 


HThe  ionization  potential  of  the  hydrogen  atom  is  1 3 .6  V. 
Find  the  energy  of  the  atom  in  n  =  2  energy  state. 


SOLUTION 


■  Energy  of  hydrogen  atom  in  the  ground  state  is 
(v  ionization  potential  is  13.6  V) 

Ex  =  -  13.6  eV 

Since  En  °c  ,  the  energy  in  the  n  =  2  state  is 
n 


e2  = 


-13.6 

4 


=  -  3.4  eV 


EXAMPLE  28.10 


HThe  innermost  orbit  of  hydrogen  atom  has  a  diameter 
of  1.06  A.  What  is  the  diameter  of  the  10th  orbit? 


SOLUTION 


Given  dx  =  1.06  A.  We  know  that  dn  °c  n2dx.  Hence 
dl0=  (10)2  x  1.06  A 

=  106  A 


EXAMPLE  28.11 


I 


Find  the  ratio  of  longest  and  shortest  wavelength  in 
the  Lyman  series  of  hydrogen  atom. 


SOLUTION 


For  Lyman  series 


where  n  =  2,  3,  4,  ...  °°.  The  shortest  wavelength  (AJ 
corresponds  to  n  =  °°  and  the  longest  wavelength  (A,) 
corresponds  to  n  =  2. 


1 

A" 


—  =  J?„|  1-- \  =  R 


and 


A  =  — 
Ru 


_1_ 

A 


rh  i 


3  R 


H 


A,= 


A 

A, 


3  R» 


4 

3 


EXAMPLE  28.12 


■  The  wavelength  of  the  second  line  of  Bahner  series 
is  486.4  nm.  What  is  the  wavelength  of  the  first  line 
of  Lyman  series? 


SOLUTION 


Wavelengths  in  Balmer  series  for  hydrogen  are  given  by 


=  "  =  3’4’5- 


The  second  line  in  Bahner  series  corresponds  to  n  =  4. 
Hence 


3^h 

16 


or  A2  = 


16 

3*h 


The  wavelength  of  the  first  line  (n  =  2)  in  Lyman 
series  is 


or 


or 


1 

X 


A! 

Af 

A2 

Aj 


Ru  1  -  -T-  =  Ru  1  -  - 


3^h 


3^h 

4  3RU  1 

- x  — —  =  - 

3??h  16  4 

A2  486.4 
T_  4 

=  121.6  nm 


28.3  j  X-RAYS _ 

X-rays  are  produced  when  energetic  electrons  fall  on  a 
suitable  target.  The  apparatus  used  for  the  production 
of  X-rays  is  called  the  Coolidge  tube  in  which  electrons 
are  produced  by  thermionic  emission.  X-rays  are  elec¬ 
tromagnetic  waves  of  wavelength  of  the  order  of  1 A  or 
0.001  nm. 

/.  Duane-Hunt  Law 

The  shortest  X-ray  wavelength  emitted  when  electrons 

incident  on  the  target  are  accelerated  through  a  potential 

V  volts  is  given  by 

,  he  1239.6 

Amin  =  —  = -  nm 

min  eP  V 

This  is  called  the  Duane-Hunt  Law. 
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2.  Diffraction  of  X-rays 

A  crystal  is  a  natural  grating  for  diffraction  of  X-rays,  since 
the  spacing  d  between  the  crystal  planes  is  of  the  order  of 
the  wavelength  of  X-rays.  The  angle  0  of  diffraction  of 
X-rays  is  given  by  the  relation 

2d  sin  0  =  nX 

where  n  is  an  integer  having  values  1,  2,  3,  ...  etc.  and  X 
is  the  wavelength  of  X-rays  incident  on  the  crystal.  This 
relation  is  called  Bragg’s  equation. 

3.  Absorption  of  X-rays 

X-rays  are  absorbed  by  materials  following  the  exponential 
relation 

/  =  I0  e  ^ 

where  70  is  the  initial  intensity  of  X-rays,  7  their  intensity 
after  they  have  traversed  a  thickness  x  and  p  is  the 
absorption  coefficient. 

4.  X-ray  Spectra 

X-ray  spectra  may  be  classified  into  two  types — continuous 
spectrum  and  characteristic  spectrum.  X-ray  spectrum 
consists  of  a  series  of  discrete  spectral  lines  superimposed 
on  a  continuous  luminous  background.  The  background 
spectrum  consists  of  all  sorts  of  wavelengths  and  is  called 
the  continuous  spectrum  which  is  the  same  for  all  target 
materials.  The  discrete  line  spectrum  is  a  characteristic  of 
the  target  metal  and  is,  therefore,  called  the  characteristic 
spectrum.  The  spectral  lines  in  this  spectrum  are  due  to  the 
transitions  of  electrons  from  the  outer  orbits  to  the  inner 
K,  L,  M  shells,  etc.  The  emitted  radiations  are  called  Ka, 
Kp,  K.p  . . .  radiations.  These  transitions  are  shown  in  Fig. 
28.7. 

The  frequency  (v)  of  the  characteristic  X-rays  is 
related  to  the  atomic  number  (Z)  of  the  target  metal  by  the 
relation 

Vv  =  a  (Z  -  b) 

where  a  and  b  are  constants.  This  relation  is  known  as 
Moseley’s  law. 

Some  facts  about  X-rays  can  be  summerized  as 
follows: 

1.  X-rays  are  electromagnetic  waves  of  wavelength  of 
the  order  of  1  A  or  0  001  nm. 

2.  X-rays  are  not  deflected  by  electric  and  magnetic 
fields. 

3.  X-rays  travel  in  vacuum  at  the  speed  of  light, 
c  =  3  x  108  ms-1. 

4.  If  electrons  are  accelerated  through  a  potential  dif¬ 
ference  V  and  then  are  made  to  fall  on  a  target, 
X-rays  of  wavelength  greater  than  hdeV  are 
produced.  The  shortest  wavelength  emitted  is 


5.  The  characteristic  X-rays  consist  of  K  and  L  series. 
The  Ka  X-rays  are  produced  when  electrons  jump 
from  n  =  2  to  n  =  1  orbit.  They  are  called  La  when 
electrons  jump  from  n  =  3  to  n  =  2  orbit.  The  wave- 


Fig.  28.7 


X 


Rh(Z-  l)2 


where  R  is  the  Rydberg  constant  and  Z  is  the  atomic 
number.  The  wavelength  of  La  line  is 

I^H(Z-74 

6.  The  frequency  of  the  characteristics  X-rays  is 
proportional  to  (Z  -  b )2  where  b  is  a  constant. 

7.  X-rays  are  absorbed  by  materials  according  to  the 
relation 

/  =  I0  e->* 

where  70  =  incident  intensity,  /J  =  constant  for  the 
given  material  and  x  =  distance  penetrated. 


EXAMPLE  28.13 


BWhat  is  the  maximum  frequency  of  X-rays  emitted 
from  an  X-ray  tube  operating  at  50  kV? 


SOLUTION 


eH=/7Vmax.  Hence 


eP  (1.6  x  10-19)  x  (50  x  1 03 ) 


h 


(6.63  xl0“34) 


=  1.2  x  1019  Hz 


EXAMPLE  28.14 


An  X-ray  tube  produces  a  continuous  spectrum  of 
radiation  with  its  shortest  wavelength  end  at  0.66  A. 
What  is  the  maximum  energy  of  a  photon  of  this 
radiation?  Take  h  =  6.6  x  10  34  Js 
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SOLUTION 


T7  =  U  y  = 
^max  Kmax 


he 


(v  c  =  vA) 


(6.6  x  10~34)  x  (3  x  10s) 


(0.66  xl(T10) 


=  3  x  10-15  J 


EXAMPLE  28.15 


■  The  potential  difference  applied  to  an  X-ray  tube  is 
5  kV  and  the  current  through  it  is  3.2  mA.  Find  the 
number  of  electrons  striking  the  target  per  second. 


SOLUTION 


I=  /  =  3.2  x  10~3 

”  e  1.6  x  10-19 


=  2  x  1016  electrons  per  second 


28.4  j  WAVE  NATURE  OF  MATTER 


In  1924,  Louis  de  Broglie,  a  French  theoretical  physi¬ 
cist,  derived  an  equation  which  predicted  that  all  atomic 
particles  have  associated  with  them  waves  of  a  definite 
wavelength.  Under  certain  circumstances,  a  beam  of 
electrons  or  atoms  will  behave  like  a  group  of  waves.  On 
the  basis  of  theoretical  considerations,  de  Broglie  pre¬ 
dicted  that  the  wavelength  A  of  these  waves  is  given  by 


m  v 


where  h  is  Planck’s  constant  and  p  is  the  momentum 
of  the  particles.  This  equation  is  known  as  de  Broglie  s 
wave  equation.  For  an  electron  moving  at  a  high  speed, 
the  momentum  is  large  and  the  wavelength  A  is  small. 
The  faster  the  electron,  the  shorter  is  the  wavelength. 
Notice  that  the  particle  need  not  have  a  charge  to  have 
an  associated  wave.  This  is  why  de  Broglie  waves  are 
sometimes  referred  to  as  matter  waves. 

1.  If  the  rest  mass  of  a  particle  is  m0,  its  de  Broglie 
wavelength  is  given  by 


2. 


6  ^V/2 


m0  v 

In  terms  of  kinetic  energy  K ,  de  Broglie  wavelength 
is  given  by 


A  = 


h 

yJlmK 


3.  If  a  particle  of  charge  q  is  accelerated  through  a 
potential  difference  V,  its  de  Broglie  wavelength  is 
given  by 


A  = 


h 

■sjlmqV 


For  an  electron, 


A  = 


A 


4.  For  a  gas  molecule  of  mass  m  at  temperature  T 
kelvin,  the  de  Broglie  wavelength  is  given  by 
ft 

y/3mkT 

where  k  is  the  Boltzmann  constant. 


EXAMPLE  28.16 


Calculate  the  wavelength  associated  with  a  dust  par¬ 
ticle  of  mass  1  (Ag  moving  with  a  velocity  of  106  ms-1. 
Given  h  =  6.6  X  1(T34  Js. 


SOLUTION 


m  1  (tg  =  10  6  g  =  10  9  kg 

h_  =  6.6  x  10~34 
mv  10“9xl06 
=  6.6  x  10  31  m 


EXAMPLE  28.17 


Calculate  de  Broglie  wavelength  of  an  electron  hav¬ 
ing  kinetic  energy  of  1  BeV.  Given  mass  of  electron 
(m)  =  9.1  x  10~31  kg,  h  =  6.6  x  10~34  Js  and  e  =  1.6 
X  10  19C. 


SOLUTION 


K=  1  BeV  =  1 09  eV  =  109  x  1.6  x  10~19  =  1.6  x  1 0  10  J 

a  =  h  =  _ 6.6  x  10~34 _ 

JlmK  y/2x9.1xl0~31  xl.6xlO~10 
=  3.87  x  10~14  m 


EXAMPLE  28.18 


Calculate  de  Broglie  wavelength  associated  with  an 
electron  accelerated  through  a  potential  difference 
of  200  V.  Given  m  =  9.1  X  10~31  kg  and  h  =  6.6  x 
1 0~34  Js. 


SOLUTION 


K=  200  eV  =  200  x  1.6  x  10~19  =  3.2x  10  17  J 

3  =  h  =  _ 6.6  x  10~34 _ 

JlmK  -J2x9.1xl0-31  x3.2xl0-17 
=  0.86  x  10-10  m  =  0.86  A 
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EXAMPLE  28.19 


■  Calculate  the  wavelength  of  de  Broglie  waves  asso¬ 
ciated  with  a  neutron  at  room  temperature  of  27°C. 
Given  mass  of  neutron  (m)  =  1.67  X  1(T27  kg,  Boltz- 
man  constant  (k)  =  1.38  X  1CT23  JK-1  and  h  =  6.63  X 
1(T34  Js. 


SOLUTION 


Kinetic  energy  of  neutron  due  to  thermal  speed  is 
3 

K=  -kT,  where  T=  273  +27  =  300  K. 

2 

„  _  h  h  h 

A  = 


sflmK 


2mx-kT 
2 


Substituting  the  values  of  h,  m,  k  and  T,  we  get 
A  =  1.45  x  1(T10  m  =  1.45  A 


Ultraviolet  light  of  wavelength  99  nm  falls  on  a  metal 
plate  of  work  function  1.0  eV.  Find  the  wavelength 
of  the  fastest  photoelectron  emitted.  Mass  of  electron 
(m)  =  9.1  x  1(T31  kg  and  h  =  6.6  x  1(T34  Js. 


he 

Kmax  =  hv- W0=  j-W0 


=  (6.6  x  10~34)  x  (3  x  108) 

99  x  10-9 

-  1.0  x  1.6  x  1(T19 
=  2  x  10~18  -  1.6  x  10“19 
=  1.84  x  10"18  J 


EXAMPLE  28.20 


I  A  photon  of  wavelength  19.8  nm  collides  with  an 
electron  at  rest.  After  the  collision,  the  wavelength  of 
the  photon  is  found  to  be  30  nm.  Is  the  collision  elas¬ 
tic  or  inelastic?  Calculate  the  energy  of  the  scattered 
electron.  Given  h  =  6.6  X  1(T34  Js. 


A 


h 

4lmK max 


_ 6.6  x  10~34 _ 

\Jl  x  (9.1  x  10-31)  x  1.84  x  10-18 


SOLUTION 


Energy  of  photon  before  collision  is 

^  ,  he  (6.6  x  10-34)  x  (3  x  108) 

E,  =  hv  j  =  —  = - t - 

A,  19.8  xl0“9 

=  10  x  10~18  J 

Energy  of  photon  after  collision  is 

=  he  (6.6  x  10~34)  X  (3  x  108) 
f  A2“  30xl0“9 

=  6.6  x  10~18  J 

Since  there  is  a  loss  of  kinetic  energy  (v 

the  collision  is  inelastic.  The  energy  of  the  scattered 

electron  =  Ei-Ef=  3.4  x  10-18  J. 


=  3.6  x  10~10  m  =  0.36  nm 


EXAMPLE  28.22 


I  A  proton  and  an  electron  have  equal  kinetic  energy. 
Which  of  the  two  has  a  greater  de  Broglie  wave¬ 
length? 


SOLUTION 


Ae  =  , 

V2  meK 

('••  mp  >  me) 
Hence  the  electron  has  the  greater  wavelength 


2  -  h 

P 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  Figure  28.8  shows  the  variation  of  photoelectric 
current  (z)  with  voltage  (V)  between  the  electrodes 
in  a  photo-cell  for  two  different  radiations. 


If  Ia  and  I h  are  the  intensities  of  the  incident  radia¬ 
tions  and  va  and  vb  are  the  respective  frequencies, 
then 
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(a)  4  >  4,  vh  <  va  (b)  4  <  4,  vh  >  va 

(c)  4  >  4,  va  =  vb  (d)  4  <  4,  vb  <  va 


Fig.  28.8 

2.  When  a  radiation  of  energy  5  eV  falls  on  a  surface, 
the  emitted  photoelectrons  have  a  maximum  kinetic 
energy  of  3  eV.  The  stopping  potential  is 

(a)  2  V  (b)  3  V 

(c)  5  V  (d)  8  V 

3.  When  a  radiation  of  wavelength  X1  falls  on  a  sur¬ 
face,  the  maximum  kinetic  energy  of  the  emitted 
photoelectrons  is  Kx.  For  a  radiation  of  wavelength 
>4,  the  maximum  kinetic  energy  is  K2.  If  4  =  XJ 2 , 
then 

(a)  Kt  =  2/4  (b)  K2  =  2KX 

(c)  Kx  >  2/4  (d)  Kx  <  2K2 

4.  Figure  28.9  represents  the  observed  intensity  (7)  of 
X-rays  emitted  by  an  X-ray  tube  as  a  function  of 
wavelength  (A). 

(a)  Peaks  A  and  B  represent  Ka  lines 

(b)  Peaks  A  and  B  represents  Kp  lines 

(c)  Peak  A  represents  Ka  line  and  peak  B  repre¬ 
sents  Kp  line 

(d)  Peak  A  represents  Kp  line  and  peak  B  repre¬ 
sents  Ka  line 


Fig.  28.9 

5.  A  particle  at  rest  disintegrates  into  two  fragments 
of  masses  in  the  ratio  of  1  :  2  having  non-zero  velo¬ 


cities.  The  ratio  of  the  de  Broglie  wavelength  of  the 
lighter  particle  to  that  of  the  heavier  particle  is 

(a)  A  (b)  1 

(c)  2  (d)  A 

4 

6.  A  potential  difference  V is  applied  across  an  X-ray 
tube.  If  elm  is  the  charge  to  mass  ratio  of  an  elec¬ 
tron  and  c  the  speed  of  light  in  vacuum,  the  ratio  of 
the  de  Broglie  wavelength  of  the  incident  electrons 
to  the  shortest  wavelength  of  X-rays  produced  is 
given  by 


7.  The  de  Broglie  wavelength  of  the  electron  in  the  nth 
energy  state  of  a  hydrogen  atom  is  proportional  to 

(a)  A  (b)  \ 

n  n 

(c)  n  (d)  n2 

8.  The  magnitude  of  the  magnetic  moment  of  the  elec¬ 
tron  in  the  nth  energy  state  of  a  hydrogen  atom  is 
proportional  to 

(a)  A  (b)  Vn 

n 

(c)  n  (d)  n2 

9.  The  shortest  wavelength  in  the  Brackett  series  of 
a  hydrogen  like  atom  of  atomic  number  Z  is  equal 
to  the  shortest  wavelength  in  the  Balmer  series  of 
hydrogen  atom.  The  value  of  Z  is 

(a)  2  (b)  3 

(c)  4  (d)  5 

10.  The  difference  between  (n  +  l)th  Bohr  radius  and 
nth  Bohr  radius  is  equal  to  the  (n—  l)th  Bohr  radius. 
The  value  of  n  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

11.  The  magnetic  field  at  the  nucleus  of  a  hydrogen 
atom  due  to  the  motion  of  an  electron  in  the  nth 
orbit  is  inversely  proportional  to 

(a)  n2  (b)  n3 

(c)  n4  (d)  n5 

12.  The  magnitude  of  the  angular  momentum  of  an 
electron  revolving  in  a  circular  orbit  of  radius  r  in 
a  hydrogen  atom  is  proportional  to 

(a)  r1/2  (b)  r 

(c)  r3/2  (d)  r2 
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13.  The  wavelength  in  air  associated  with  a  photon  of 
energy  E  is  (c  is  the  speed  of  light  in  air  and  h  is  the 
Planck’s  constant) 


(a) 

he 

h 

b  — 

E 

cE 

(c) 

c 

hE 

(d)  hcE 

14.  An  image  of  the  sun  is  formed  by  a  lens  of 
focal  length  30  cm  on  the  metal  surface  of  a  photo¬ 
electric  cell  and  it  produces  a  current  I.  The  lens 
fonning  the  image  is  then  replaced  by  another  lens 
of  the  same  diameter  but  of  focal  length  1 5  cm.  The 
photoelectric  current  in  this  case  will  be 

(a)  III  (b)  2  / 

(c)  /  (d)  4  / 

15.  The  momentum  of  a  photon  of  wavelength  A  is 


<a)  7i 

(b) 

(c)  hX 

(d) 

he 

T 

h 

A 


16.  Violet  light  can  cause  photoelectric  emission  from 
a  metal  but  blue  light  cannot.  If  sodium  light  is 
incident  on  the  metal,  then 

(a)  the  photoelectric  current  decreases 

(b)  the  number  of  photoelectrons  ejected  per 
second  increases 

(c)  the  velocity  of  photoelectrons  increases 

(d)  no  photoelectric  emission  occurs. 

17.  102t)  photons  of  wavelength  660  nm  are  emitted 
per  second  from  a  lamp.  What  is  the  wattage  of  the 
lamp.  Planck’s  constant  =  6-6  x  10-34  Js. 

(a)  30  W  (b)  60  W 

(c)  100  W  (d)  500  W 


18.  When  a  certain  photosensitive  surface  is  illumi¬ 
nated  with  monochromatic  light  of  frequency  v, 
the  stopping  potential  for  photoelectric  current  is 
V0/2.  When  the  same  surface  is  illuminated  by 
monochromatic  light  of  frequency  v/2,  the  stop¬ 
ping  potential  is  V0.  The  threshold  frequency  for 
photoelectric  emission  is 


t  \  2v 

(a)  — 

3 


<b)  T 


(C) 


3v 

5 


(d) 


5v 

3 


19.  When  a  certain  photosensitive  surface  is  illumi¬ 
nated  with  monochromatic  light  of  wavelength  A, 
the  stopping  potential  for  photoelectric  current  is 
2  V0.  When  the  same  surface  is  illuminated  with 


monochromatic  light  of  wavelength  2A,  the  stop¬ 
ping  potential  is  VJ2.  The  threshold  wavelength  for 
photoelectric  emission  is 
(a)  1.5  A  (b)  2.0  X 

(c)  2.5  A  (d)  3  A 

20.  The  threshold  frequency  for  a  certain  photosensi¬ 
tive  metal  is  v0.  When  it  is  illuminated  by  light  of 
frequency  v  =  2v0,  the  stopping  potential  for  pho¬ 
toelectric  current  is  V0.  What  will  be  the  stopping 
potential  when  the  same  metal  is  illuminated  by 
light  of  frequency  V  =  3  v0? 

(a)  1-5  V0  (b)  2  V0 

(c)  2-5  V0  (d)  3  V0 

21.  The  threshold  frequency  for  a  certain  photosensi¬ 
tive  metal  is  v0.  When  it  is  illuminated  by  light  of 
frequency  V  =  2v0,  the  maximum  velocity  of  pho¬ 
toelectrons  is  v0.  What  will  be  the  maximum  veloc¬ 
ity  of  the  photoelectrons  when  the  same  metal  is 
illuminated  by  light  of  frequency  v  =  5  v0? 

(a)  V2  v0  (b)  2  v0 

(c)  2V2  v0  (d)  4  v0 

22.  The  threshold  wavelength  for  a  metal  whose 
work  function  is  W0  is  A0.  What  is  the  threshold 
wavelength  for  a  metal  whose  work  function  is 

wjn 

00  £  (b)  A 

(c)  2  Ao  (d)  4  Ao 

23.  The  minimum  wavelength  of  X-rays  emitted  from 
an  X-ray  tube  operating  at  a  voltage  of  1 04  volts  is 
roughly  equal  to 

(a)  1  A  (b)  1.5  A 

(c)  2  A  (d)  2.5  A 

24.  The  energy  in  monochromatic  X-rays  of  wave¬ 
length  1  A  is  roughly  equal  to 

(a)  2  x  1(T15  J  (b)  2  x  1(T16  J 

(c)  2  x  10“17  J  (d)  2  x  10“18  J 

25.  When  the  accelerating  voltage  applied  on  the 
electrons,  in  an  X-ray  tube,  is  increased  beyond  a 
critical  value 

(a)  the  spectrum  of  white  radiation  is  unaf¬ 
fected 

(b)  only  the  intensities  of  various  wavelengths 
are  increased 

(c)  only  the  wavelength  of  characteristic  radia¬ 
tion  is  affected 

(d)  the  intensities  of  characteristic  lines  relative 
to  the  white  spectrum  are  increased  but  there 
is  no  change  in  their  wavelength. 
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26.  In  the  continuous  part  of  the  spectrum  of  X-rays  the 
limiting  frequency  is 

(a)  inversely  proportional  to  the  potential  through 
which  electrons  have  been  accelerated 

(b)  is  directly  proportional  to  the  accelerating 
potential 

(c)  not  dependent  upon  the  accelerating  poten¬ 
tial 

(d)  is  dependent  upon  the  nature  of  the  target 
material. 

27.  The  potential  difference  applied  to  an  X-ray  tube  is 
increased.  As  a  result,  in  the  emitted  radiation, 

(a)  the  intensity  increases 

(b)  the  minimum  wavelength  increases 

(c)  the  intensity  decreases 

(d)  the  minimum  wavelength  decreases. 

<  IIT,  1988 

28.  In  an  X-ray  tube,  electrons  accelerated  through  a 
very  high  potential  difference  strike  a  metal  target. 
If  the  potential  difference  is  increased,  the  speed  of 
the  emitted  X-rays 

(a)  increases 

(b)  decreases 

(c)  remains  unchanged 

(d)  is  always  equal  to  3  x  108  ms1. 

29.  An  X-ray  tube  is  operated  at  66  kV.  Then,  in  the 
continuous  spectrum  of  the  emitted  X-rays 

(a)  wavelengths  0.01  nm  and  0.02  nm  will  both 
be  present 

(b)  wavelengths  0.01  nm  and  0.02  nm  will  both 
be  absent 

(c)  wavelengths  0.01  nm  will  be  present  but 
wavelength  0.02  nm  will  be  absent 

(d)  wavelength  0.01  nm  will  be  absent  but  wave¬ 
length  0.02  nm  will  be  present. 

30.  The  minimum  wavelength  of  X-rays  produced  in 
an  X-ray  tube  is  A  when  the  operating  voltage  is 
V.  What  is  the  minimum  wavelength  of  the  X-rays 
when  the  operating  voltage  is  172? 

(a)  ^  (b)  A 

(c)  2  A  (d)  4  A 

31.  The  maximum  frequency  of  X-rays  produced  in 
an  X-ray  tube  is  V  when  the  operating  voltage  is 
V.  What  is  the  maximum  frequency  of  the  X-rays 
when  the  operating  voltage  is  172? 

(a)  V-  (b)  v 

(c)  2  v  (d)  4  v 


32.  X-rays  are  incident  normally  on  a  crystal  of 
lattice  constant  0.6  nm.  The  first  order  reflection  on 
diffraction  from  the  crystal  occurs  at  an  angle  of 
30°.  What  is  the  wavelength  of  X-rays  used? 

(a)  0.3  nm  (b)  0.6  nm 

(c)  1.2  nm  (d)  2.4  nm 

33.  X-rays  of  wavelength  A  are  incident  normally  on  a 
crystal  and  the  second  order  reflection  on  diffrac¬ 
tion  from  the  crystal  is  observed  at  an  angle  of  45°. 
The  lattice  constant  of  the  crystal  is 

(a)  (b)  V2  A 

(c)  A  (d)  2  A 

34.  The  frequency  of  Ka  line  of  a  source  of  atomic 
number  Z  is  proportional  to 

(a)  Z2  (b)  (Z  -  l)2 

(c)  1/Z  (d)  Z 

35.  The  wavelength  of  Ka  line  from  an  element  of 
atomic  number  41  is  A.  Then  the  wavelength  of  Ka 
line  of  an  element  of  atomic  number  21  is 

(a)  4  A  (b)  A/4 

(c)  3.08  A  (d)  0.26  A 

<  IIT,  2005 

36.  The  continuous  X-ray  spectrum  is  produced  due  to 

(a)  acceleration  of  electrons  towards  the  nuclei 
of  the  target  atoms 

(b)  retardation  of  energetic  electrons  when  they 
approach  the  nuclei  of  the  target  atoms 

(c)  fall  of  the  electrons  of  the  target  atoms  from 
higher  energy  level  to  lower  energy  levels 

(d)  knocking  out  of  the  electrons  from  the  target 
atoms  by  the  fast  moving  incident  electrons 

37.  An  X-ray  photon  of  wavelength  A  and  frequency  V 
collides  with  an  electron  and  bounces  off.  If  A'  and 
v'  are  respectively  the  wavelength  and  frequency 
of  the  scattered  photon,  then 

(a)  A'  =  A  ;  V  =  v  (b)  A'  <  A  ;  Y  >  v 

(c)  A'  >  A  ;  v'  >  v  (d)  A'  >  A  ;  v'  <  v 

38.  The  binding  energy  of  the  innermost  electron  in 
tungsten  is  40  keV.  To  produce  characteristic 
X-rays  using  a  tungsten  target  in  an  X-ray  tube,  the 
accelerating  voltage  should  be  greater  than 

(a)  4  kV  (b)  40  kV 

(c)  400  kV  (d)  4000  kV 

39.  The  shortest  wavelength  of  X-rays  emitted  from  an 
X-ray  tube  depends  upon 

(a)  the  current  in  the  tube 

(b)  the  voltage  applied  to  the  tube 


Atomic  Physics  28.13 


(c)  the  nature  of  the  gas  in  the  tube 

(d)  the  atomic  number  of  the  target  material 

<  IIT,  1982 

40.  Which  one  of  the  following  parameters  of  the 
emitted  X-rays  increases  when  the  potential  dif¬ 
ference  between  the  electrodes  of  an  X-ray  tube  is 
increased? 

(a)  intensity  (b)  frequency 

(c)  wavelength  (d)  speed 

41.  A  proton,  when  accelerated  through  a  potential  dif¬ 
ference  of  V  volts,  has  a  wavelength  A  associated 
with  it.  If  an  alpha  particle  is  to  have  the  same 
wavelength  A,  it  must  be  accelerated  through  a 
potential  difference  of 

(a)  178  volts  (b)  VIA  volts 

(c)  4  V  volts  (d)  8  V  volts 

42.  Two  particles  of  masses  m  and  2m  have  equal 
kinetic  energies.  Their  de  Broglie  wavelengths  are 
in  the  ratio  of 

(a)  1  :  1  (b)  1  :  2 

(c)  1  :  4l  (d)  :  1 

43.  The  de  Broglie  wavelength  of  a  neutron  at  927°C  is 
A.  What  will  be  its  wavelength  at  27°C? 

(a)  |  (b)  A 

(c)  2  A  (d)  4  A 

44.  The  de  Broglie  wavelength  of  a  neutron  when  its 
kinetic  energy  is  K  is  A.  What  will  be  its  wavelength 
when  its  kinetic  energy  is  4 K? 


(c)  2  A  (d)  4  A 


45.  What  is  the  de  Broglie  wavelength  of  an  electron 
of  energy  180  eV?  Mass  of  electron  =  9  x  10-31  kg 
and  Planck’s  constant  =  6.6  X  10-34  Js. 

(a)  0.5  A  (b)  0.9  A 

(c)  1.3  A  (d)  1.8  A 


46.  Moving  with  the  same  velocity,  which  of  the 
following  has  the  longest  de  Broglie  wavelength? 
(a)  /3-particle  (b)  a-particle 

(c)  proton  (d)  neutron 


47.  The  de  Broglie  wavelength  of  an  electron  moving 
with  a  velocity  1.5  x  108  ms-1  is  equal  to  that  of  a 
photon.  The  ratio  of  the  kinetic  energy  of  the  elec¬ 
tron  to  that  of  the  photon  is 
(a)  2  (b)  4 


(o  \ 


■  IIT,  2004 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


The  shortest  wavelength  in  the  Lyman  series 
is  91T6  A.  Then  the  longest  wavelength  in  the 
Lyman  series  is 

(a)  1215  A  (b)  - 

(c)  2430  A  (d)  600  A 


If  electron  orbits  with  principal  quantum  numbers 
n  >  3  were  not  allowed,  the  number  of  possible 
elements  would  be 
(a)  28  (b)  90 

(c)  32  (d)  64 

Pauli’s  exclusion  principle  states  that  no  two 
electrons  in  an  atom  can  have  identical  values  for 

(a)  one  of  the  four  quantum  numbers 

(b)  two  of  the  four  quantum  numbers 

(c)  three  of  the  four  quantum  numbers 

(d)  all  four  quantum  numbers 

Which  energy  state  of  the  triply  ionized  berylli¬ 
um  (Be+++)  has  the  same  electron  orbital  radius  as 
that  of  the  ground  state  of  hydrogen?  Given  Z  for 
beryllium  =  4. 

(a)  n  =1  (b)  n  =  2 

(c)  n  =  3  (d)  n  =  4 


In  Q.  51,  what  is  the  ratio  of  the  energy  state  of 
beryllium  and  that  of  hydrogen? 

(a)  1  (b)  2 

(c)  3  (d)  4 

Which  energy  state  of  doubly  ionized  lithium  (Li++) 
has  the  same  energy  as  that  of  the  ground  state  of 
hydrogen?  Given  Z  for  lithium  =  3. 

(a)  n  =1  (b)  n  =  2 

(c)  n  =  3  (d)  n  =  4 


In  Q.  53,  what  is  the  ratio  of  the  electron  orbital 
radius  of  Li++  to  that  of  hydrogen? 

(a)  1  (b)  2 

(c)  3  (d)  4 


The  total  energy  of  the  electron  in  the  first  excited 
state  of  hydrogen  is  -  3  -4  eV.  What  is  the  kinetic 
energy  of  the  electron  in  this  state? 

(a)  +  1.7  eV  (b)  +  3.4  eV 

(c)  +  6.8  eV  (d)  +  13.4  eV 

In  Q.  55,  the  potential  energy  of  the  electron  is 
(a)  -  1.7  eV  "(b)  -  3.4  eV 

(c)  -  6.8  eV  (d)  -  13.4  eV 

The  wavelength  of  the  first  line  in  Balmer  series  in 
the  hydrogen  spectrum  is  A.  What  is  the  wavelength 


of  the  second  line. 

,  ,  2°  A 

(a)  - 

27 

(b) 

3  A 

16 

(c)  — 

36 

(d) 

3  A 

4 
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58.  The  frequency  of  the  first  line  in  Lyman  series  in 
the  hydrogen  spectrum  is  v.  What  is  the  frequency 
of  the  corresponding  line  in  the  spectrum  of  doubly 
ionized  Lithium? 

(a)  v  (b)  3  V 

(c)  9  v  (d)  27  v 

59.  The  energy  difference  between  the  first  two 
levels  of  hydrogen  atom  is  10.2  eV.  What  is  the 
corresponding  energy  difference  for  a  singly 
ionized  helium  atom? 

(a)  10.2  eV  (b)  20.4  eV 

(c)  40.8  eV  (d)  81.6  eV 

60.  The  ionization  energy  of  hydrogen  atom  is  13.6  eV. 
What  is  the  ionization  energy  of  helium  atom? 

(a)  3.4  eV  (b)  13.6  eV 

(c)  54.4  eV  (d)  108.8  eV 

61.  The  ionization  energy  of  hydrogen  atom  is  13.6  eV. 
Hydrogen  atoms  in  the  ground  state  are  excited  by 
electromagnetic  radiation  of  energy  12.1  eV.  How 
many  spectral  lines  will  be  emitted  by  the  hydrogen 
atom? 

(a)  one  (b)  two 

(c)  three  (d)  four 

62.  If  an  orbital  electron  of  the  hydrogen  atom  jumps 
from  the  ground  state  to  a  higher  energy  state,  its 
orbital  speed  reduces  to  half  its  initial  value.  If  the 
radius  of  the  electron  orbit  in  the  ground  state  is  r, 
then  the  radius  of  the  new  orbit  would  be 


63. 


(a)  2 r  (b)  4r 

(c)  8r  (d)  16r 

The  orbital  speed  of  the  electron  in  the  ground  state 
of  hydrogen  is  v.  What  will  be  its  orbital  speed 
when  it  is  excited  to  the  energy  state  -  3.4  eV? 


V 

(d)  77 


64. 


(a)  2  v 
v 

(c)  i 

4  o 

In  the  Bohr  model  of  the  hydrogen  atom,  the  ratio 
of  the  kinetic  energy  to  the  total  energy  of  the  elec¬ 
tron  in  a  quantum  state  n  is 
(a)  -  1  (b)  +  1 

1  1 

(c)  -  (d)  — 

n  n 


65.  The  ratio  of  the  wavelengths  of  the  longest  wave¬ 
length  lines  in  the  Lyman  and  Balmer  series  of 
hydrogen  spectrum  is 


(a) 

3 

(b) 

23 

(c) 

7 

29 

(d) 

5 

27 

9_ 

31 


66.  If  a  hydrogen  atom  at  rest,  emits  a  photon  of  wave¬ 
length  A,  the  recoil  speed  of  the  atom  of  mass  m  is 
given  by 


(c)  mhX 


(d)  none  of  these 


67.  If  elements  with  principal  quantum  number  n  >  4 
were  not  allowed  in  nature,  the  number  of  possible 
elements  would  be 


(a)  60  (b)  32 

(c)  4  (d)  64 

<  IIT,  1983 

68.  When  a  monochromatic  source  of  light  is  at  a 
distance  of  0.2  m  from  a  photoelectric  cell,  the 
cut-off  voltage  and  the  saturation  current  are 
respectively  0.6  V  and  18  mA.  If  the  same  source 
is  placed  0.6  m  away  from  the  cell,  then 

(a)  the  stopping  potential  will  be  0.2  V 

(b)  the  stopping  potential  will  be  1.8  V 

(c)  the  saturation  current  will  be  6.0  mA 

(d)  the  saturation  current  will  be  2.0  mA 

<  IIT,  1992 

69.  The  energy  of  a  photon  of  frequency  v  is  E  =  hv 
and  the  momentum  of  a  photon  of  wavelength 
A  is  p  =  hi X.  From  this  statement  one  may  con¬ 
clude  that  the  wave  velocity  of  light  is  equal  to 

(a)  3  x  10 8  nW1  (b)  — 

P 


70. 


(c)  Ep  (d)  (- 

\P, 

When  a  centimetre  thick  surface  is  illuminated  with 
light  of  wavelength  X,  the  stopping  potential  is  V. 
When  the  same  surface  is  illuminated  by  light  of 
wavelength  2 A,  the  stopping  potential  is  VIZ.  The 
threshold  wavelength  for  the  surface  is 


,  ,  4  A 
(a)  — 
3 

(c)  6  A 


(b) 


(d)  ^ 


4  A 

8_A 

3 


71.  Energy  levels  A,  B  and  C  of  a  certain  atom  corresp¬ 
ond  to  increasing  values  of  energy,  i  .q.Ea<Eb<Ec. 
If  Aj,  A2  and  A3  are  the  wavelengths  of  radiations 
corresponding  to  transitions  C  to  B,  B  to  A  and  C  to 
A  respectively,  which  of  the  following  relations  is 
correct? 


(a)  A3  —  Aj  +  A2 


Ai  At 

(b)  A3  =  1  2 


Ai  +  2,2 


(c)  A i  +  A2  +  2,3  —  0 


(d)  A  3  =  X\  +  A2 
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72.  Figure  28.10  represents  the  observed  intensity  (7) 
of  X-rays  emitted  by  an  X-ray  tube,  as  a  function  of 
wavelength  (A).  The  sharp  peaks  A  and  B  denote 

(a)  band  spectrum 

(b)  continuous  spectrum 

(c)  characteristic  radiations 

(d)  white  radiations. 


A 


Fig.  28.10 


73.  In  a  photo-emissive  cell,  with  exciting  wavelength 
A,  the  fastest  electron  has  a  speed  v.  If  the  exciting 
wavelength  is  changed  to  3  A/ 4,  the  speed  of  the 
fastest  emitted  electron  will  be 


(a) 


(c) 


less  than  v 


(d) 


more  than  v 


74.  An  energy  of  24.6  eV  is  required  to  remove  one 
of  the  electrons  from  the  neutral  helium  atom. 
The  energy  (in  eV)  required  to  remove  both  the 
electron  from  a  neutral  helium  atom  is 


(a)  38.2  (b)  49.2 

(c)  51.8  (d)  79.0 

<  IIT,  1995 

75.  As  per  Bohr  model,  the  minimum  energy  (in  eV) 
required  to  remove  an  electron  from  the  ground 
state  of  doubly  ionized  Li  atom  (Z  =  3)  is 

(a)  1.51  (b)  13.6 

(c)  40.8  (d)  122.4 

<  IIT,  1997 

76.  The  Ka  X-ray  emission  line  of  tungsten  occurs  at 
A  =  0.021  nm.  The  energy  difference  between  K  and 
L  levels  in  this  atom  is  about 


(a)  0.51  MeV  (b)  1.2  MeV 

(c)  59  keV  (d)  136  eV 

<  IIT,  1997 

77.  The  maximum  kinetic  energy  of  photoelectrons 
emitted  from  a  surface  when  photons  of  energy 
6  eV  fall  on  it  is  4  eV.  The  stopping  potential  is 

(a)  2V  (b)  4V 


(c)  6V  (d)  10V 

<  IIT,  1997 

78.  The  electron  in  a  hydrogen  atom  makes  a  transition 
nx  — >  n2  where  nx  and  n2  are  the  principal  quantum 
numbers  of  the  two  states.  Assume  the  Bohr  model 
to  be  valid.  The  time  period  of  the  electron  in  the 
initial  state  is  8  times  that  in  the  final  state.  The 
possible  values  of  nx  and  n2  are 

(a)  «|  =  4,  n2  =  1  (b)  nx  =  8,  n2  =  2 

(c)  n j  =  8,  n2  =  1  (d)  n x  =  6,  n2  =  3 

<  IIT,  1998 

79.  X-rays  are  produced  in  an  X-ray  tube  operating  at  a 
given  accelerating  voltage.  The  wavelength  of  the 
continuous  X-rays  has  values  from 

(a)  0  to  °° 

(b)  Amin  to  -  where  Amin  >  0 

(c)  0  to  Amax  where  Amax  <  ~ 

(d)  Amin  to  Amax  where  0  <  Amm  <  Amax  <  ». 

<  IIT,  1998 

80.  The  work  function  of  a  substance  is  4.0  eV.  The  lon¬ 
gest  wavelength  of  light  that  can  cause  photoelec¬ 
tron  emission  from  this  substance  is  approximately 

(a)  540  nm  (b)  400  nm 

(c)  310  nm  (d)  220  nm 

<  IIT,  1998 

81.  A  particle  of  mass  M  at  rest  decays  into  two 
particles  of  masses  mx  and  m2,  having  non  zero 
velocities.  The  ratio  of  the  de  Broglie  wavelengths 
of  the  particles,  A, /A2,  is 


(a) 

mx 

m2 

(b) 

(c) 

1.0 

(d) 

<  IIT,  1998 

82.  Imagine  an  atom  made  up  of  a  proton  and  a 
hypothetical  particle  of  double  the  mass  of  the 
electron  but  having  the  same  charge  as  the  electron. 
Apply  the  Bohr  atom  model  and  consider  all  possible 
transitions  of  this  hypothetical  particle  to  the  first 
excitedlevel.Thelongestwavelengthphotonthatwill 
be  emitted  has  wavelength  A  (given  in  terms  of  the 
Rydberg  constants  for  the  hydrogen  atom)  equal  to 


(a) 

9 

5  R 

(b) 

(c) 

18 

5  R 

(d) 

<  IIT,  2000 
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83.  Electrons  with  energy  80  keV  are  incident  on  the 
tungsten  target  of  an  X-ray  tube.  K  shell  electrons 
of  tungsten  have  —  72.5  keV  energy.  X-rays  emitted 
by  the  tube  contain 

(a)  a  continuous  X-ray  spectrum  (Bremsstrahl- 
ung)  with  a  minimum  wavelength  of  about 
0.155A 

(b)  a  continuous  X-ray  spectrum  (Bremsstrahl- 
ung)  with  all  wavelengths 

(c)  the  characteristic  X-ray  spectrum  of  tungsten 

(d)  a  continuous  X-ray  spectrum  (Bremsstrah- 
lung)  with  a  minimum  wavelength  of  about 
0.155  A  and  the  characteristics  X-ray  spec¬ 
trum  of  tungsten. 

<  IIT,  2000 

84.  Photoelectric  emission  is  observed  from  a  metallic 
surface  for  frequencies  Vj  and  v2  of  the  incident 
light  (vj  >  v2).  If  the  maximum  values  of  kinetic 
energy  of  the  photoelectrons  emitted  in  the  two 
cases  are  in  the  ratio  1  :  n,  then  the  threshold 
frequency  of  the  metallic  surface  is 


(a) 


(c) 


V1~V2 
n  —  1 

nv2-V\ 

n- 1 


(b) 


(d) 


77  V, 


77-1 


V,  -  V, 


85.  If  A0  is  the  de  Broglie  wavelength  for  a  proton 
accelerated  through  a  potential  difference  of 
100  V,  the  de  Broglie  wavelength  for  a-particle 
accelerated  through  the  same  potential  difference 
is 


(a)  2V2A0 


(c) 


A_ 

2V2 


W  T 
WT2 


86.  The  de-Broglie  wavelength  of  a  particle  moving 
with  a  velocity  2.25  X  10  m/s  is  equal  to  the  wave¬ 
length  of  a  photon.  The  ratio  of  kinetic  energy  of 
the  particle  to  the  energy  of  the  photon  is 


00  1 


(4)  l 


87.  A  radiation  of  energy  E  falls  normally  on  a  perfectly 
reflecting  surface.  The  momentum  transferred  to 
the  surface  is 


(a)  - 

c 


2  E 
(b)  — 

c 


(c)  Ec 


(d)  4 


88.  The  kinetic  energy  of  the  most  energetic  photoelec¬ 
trons  emitted  from  a  metal  surface  is  doubled  when 
the  wavelength  of  the  incident  radiation  is  reduced 
from  A,  to  A2.  The  work  function  of  the  metal  is 


(a) 


(c) 


he 

A  A 2 

he 


(2A  -  A,)  (b) 


(A  +  A) 


(d) 


he 

A  •A; 

he 


(2Aj  -  A) 


(A  —  A) 


A  A2  ~  Aj  A2 

89.  The  slope  of  the  graph  of  the  frequency  of  inci¬ 
dent  light  versus  the  stopping  potential  for  a  given 
metallic  surface  is 

(a)  h  (b)  - 


(d)  eh 


90.  Lights  of  two  different  frequencies,  whose  photons 
have  energies  2  eV  and  10  eV  respectively,  succes¬ 
sively  illuminate  a  metal  of  work  function  1  eV. 
The  ratio  of  the  maximum  speeds  of  the  emitted 
electrons  will  be 

(a)  1  :  5  (b)  3  :  11 

(c)  1  :  9  (d)  1  :  3 

91.  The  mass  of  a  photon  of  wavelength  A  is  given  by 


(a)  hXc 
he 

(c)  T 


<w  r- 

AC 

<4>  ^ 

C 


92.  The  de-Broglie  wavelength  of  an  electron  moving 
in  the  72th  Bohr  orbit  of  radius  r  is  given  by 
2k  r 


(a) 


nr 

(c)  — 

2k 


(b)  nKr 


(d)  ^ 

K 


93.  The  momentum  of  a  particle  of  mass  m  and  charge 
q  is  equal  to  that  of  a  photon  of  wavelength  A.  The 
speed  of  the  particle  is  given  by 

7  7  h  7^  hX 

(a)  —  (b)  — 

qm 


777A 
(c)  qhX 


(d)  f 


94.  The  kinetic  energies  of  photoelectrons  emitted 
from  a  metal  are  Kl  and  K2  when  it  is  irradiated 
with  lights  of  wavelength  and  Ao  respectively. 
The  work  function  of  the  metal  is 


(a) 


A  A  A?A? 
A  —  A 


(b) 


A  A  +  jAA 

Ao  +  Aj 
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(c) 


KxX2  -k2\ 


KxX2+K2Xx 

;  A2  +  Aj 


95.  When  the  energy  of  the  incident  radiation  is 

increased  by  20%,  the  kinetic  energy  of  the  pho¬ 
toelectrons  emitted  from  a  metal  increased  from 
0.5  eV  to  0.8  eV.  The  work  function  of  the  metal  is 
(a)  0.65  eV  (b)  1.0  eV 

(c)  1.3  eV  (d)  1.5  eV 

96.  An  electron  of  mass  m  is  moving  such  that  its  mo¬ 
mentum  is  equal  to  that  of  a  photon  of  wavelength 
A.  The  velocity  of  the  electron  is  (/?  is  the  Planck’s 
constant) 

r  \  h  mh 

(a)  —  (b)  — 

171 A  A 

(c)  ^  (d)  mhX 

mX 


97.  The  radius  of  hydrogen  atom  in  the  ground  state 
is  0.53  A.  After  collision  with  an  electron,  it  is 
found  to  have  a  radius  of  2.12  A.  What  is  the 
principal  quantum  number  n  of  the  final  state  of 
the  atom? 

(a)  n  =1  (b)  n  =  2 

(c)  n  =  3  (d)  n  =  4 

<  IIT,  2003 

98.  Figure  28.11  shows  the  variation  of  photoelectric 

current  (z)  with  anode  potential  (V)  for  a  photo¬ 
sensitive  surface  for  two  radiations  of  intensities 
Ia  and  Ib  and  frequencies  va  and  vh  for  the  curves  a 
and  b  respectively.  It  follows  from  the  graph  that 
(a)  vfl  =  vb,  Ib  <  Ia  (b)  vfl  =  vb,  Ib  >  Ia 

(c)  vfl  <  vb,  Ib  >  Ia  (d)  vfl  <  vb,  Ib  =  Ia 

<  IIT,  2004 


Fig.  28.11 

99.  A  photon  of  energy  10.2  eV  undergoes  an  inelas¬ 
tic  collision  with  a  hydrogen  atom  in  the  ground 
state.  After  a  few  microseconds,  another  photon  of 
energy  14.6  eV  collides  inelastically  with  the  same 
hydrogen  atom.  In  these  processes 


(a)  a  photon  of  energy  3.4  eV  and  an  electron 
of  energy  1.0  eV  are  released. 

(b)  a  photon  of  energy  10.2  eV  and  an  electron 
of  energy  1.0  eV  are  released 

(c)  two  photons  of  energy  10.2  eV  are  released 

(d)  two  photons  of  energy  3.4  eV  and  1.0  eV  are 
released. 

<  IIT,  2005 

100.  Ultraviolet  light  of  wavelengths  Xl  and  A,  (with 
X2  >  Xj)  when  allowed  to  fall  on  hydrogen  atoms 
in  their  ground  state  is  found  to  liberate  electrons 
with  kinetic  energies  E1  and  E2  respectively.  The 
value  of  the  Planck’s  constant  can  be  found  from 
the  relation 

<  IIT,  1983 

(a)  h  =  -  (X,  -  Xt)(Et  -  E2) 

c 

(b)  h  —  (X2  +  A,  )(/•;,  +  /•;,) 


(c)  h  = 


(d)  h  = 


Cgi  a2 

c(X2  -  a,  ) 

(E\  +  E2)Xx  X2 
c(X2  +  Xj) 


101.  The  wavelength  of  the  characteristic  X-ray  Ka  line 
emitted  by  a  hydrogen  like  element  is  0.32  A.  The 
wavelength  of  Kp  line  emitted  by  the  same  element 
will  be 

■  IIT,  1990 


(a)  0.21  A 
(c)  0.34  A 

102.  The  potential  energy 
U  of  a  moving  parti¬ 
cle  of  mass  m  varies 
with  x  as  shown  in 
Fig.  28.12.  The  de- 
Broglie  wavelengths 
of  the  particle  in  the 
regions  0  <  x  <  1  and 
x  >  1  are  X1  and  X2 
respectively.  If  the 


(b)  0.27  A 
(d)  0.40  A 


Fig.  28.12 


total  energy  of  the  particle  is  nE,  the  ratio  Xj/X,  is 

■  IIT,  2005 


^  \  n 
(a)  - 

iP~  1) 

(b) 

(C)  ln2-D 

(d) 

n 


(«  - 1) 
2 


n 


Or- 1) 
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103.  The  wavelength  of  Ka  line  from  an  element  of 
atomic  number  41  is  A.  Then  the  wavelength  of  Ka 
line  of  an  element  of  atomic  number  2 1  is 


(a)  4  X 

(b)  XI 4 

(c)  3.08  X 

(d)  0.26  X 

<  IIT,  2005 

Electrons  with  de-Broglie  wavelength  X  fall  on  the 
target  in  an  X-  ray  tube.  The  cut-off  wavelength  of 

the  emitted  X-ray  is 

(a)  X0  =  2mcX1 
h 

(b)  X0=  — 
me 

,  ,  ,  2m2 c2 X2 

(c)  ,2 

n 

(d)  X0  =  X 

<  IIT,  2007 

105.  The  largest  wavelength  in  the  ultraviolet  region 
of  the  hydrogen  spectrum  is  122  nm.  The  smallest 
wavelength  in  the  infrared  region  of  the  hydrogen 
spectrum  (to  the  nearest  integer)  is 

(a)  802  nm  (b)  823  nm 

(c)  1882  nm  (d)  1648  nm 

<  IIT,  2007 

106.  Which  one  of  the  following  statements  is  Wrong 
in  the  context  of  X-rays  generated  from  a  X-ray 
tube? 

(a)  Wavelength  of  characteristic  X-ray  decreases 
when  the  atomic  number  of  the  target  increases. 

(b)  Cut-off  wavelength  of  the  continuous  X-rays 
depends  on  the  atomic  number  of  the  target 

(c)  Intensity  of  the  characteristic  X-rays  depends 
on  the  electric  power  given  to  the  X-rays  tube 

(d)  Cut-off  wavelength  of  the  continuous  X-rays 
depends  on  the  energy  of  the  electrons  in  the 
X-ray  tube. 

<  IIT,  2008 


107.  Photoelectric  effect  experiments  are  performed 
using  three  different  metal  plates  p,  q  and  r  hav¬ 
ing  work  functions  (j)p  =  2.0  eV.  <f)q  =  2.5  eV  and 
<j)r  =3.0  eV,  respectively.  A  light  beam  containing 
wavelengths  of  550  nm,  450  nm  and  350  nm  with 
equal  intensities  illuminates  each  of  the  plates.  The 
correct  I-V  graph  for  the  experiment  is  (see  Fig. 
28.13)  [Take  he  =  1240  eV  nm] 


<  IIT,  2009 

108.  The  wavelength  of  the  first  spectral  line  in  the 
Bahner  series  of  hydrogen  atom  is  6561  A.  The 
wavelength  of  the  second  spectral  line  in  the  Balm- 
er  series  of  singly-ionized  helium  atom  is 
(a)  1215  A  (b)  1640  A 

(c)  2430  A  (d)  4687  A 

<  IIT,  2011 
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SOLUTIONS 


1.  The  saturation  current  is  proportional  to  the  inten¬ 
sity  of  incident  radiation.  The  slopping  potential 
(the  magnitude  of  V  when  i  =  0)  increases  with 
increase  in  frequency.  Hence  Ib  >  Ia  and  vb  >  va.  So 
the  correct  choice  is  (b). 

2.  Stopping  potential  is  the  negative  potential  needed 
to  stop  the  fastest  moving  electrons.  Kmax  =  eV0. 


Thus  3  eV=  eVn 


V0  =  3V. 


3. 

K 

he 


W 


K,= - W 

A2 

Putting  Aj  =  A2/2  in  Eq.  (1)  and  using  Eq.  (2), 
2  he 


(1) 

(2) 


*1  = 


W 


w 


a2 

=  2  (  K2  +  W) 

=>  Kx  =  2K2  +  W 

Hence  Kx  >  2 K2,  which  is  choice  (c). 

4.  Ka  X-rays  are  produced  when  electrons  jump  from 
n  =  2  to  n  =  1  state  and  Kp  X-rays  are  produced  in 
a  transition  n  =  3  to  n  =  1.  Hence  the  energy  of  Kp 

h  c 

rays  is  greater  than  that  of  Ka  rays.  Since  E  =  —  ; 

the  wavelength  Kp  rays  is  less  than  that  of  Ka  rays. 
Hence  peak  A  represents  Kp  line  and  peak  B  repre¬ 
sents  Ka  line. 

5.  From  the  conservation  of  linear  momentum,  the  two 
fragments  will  have  equal  and  opposite  momenta. 
Now  de  Broglie  wavelength  A  =  hip.  Hence 

=  P2 
A2  Pi 

Since/?!  =p2,  ~  =  1. 

A2 

6.  de  Broglie  wavelength  of  electrons  is 

-  _  h  _  h 

A 1  , - 

p  \j2meV 


(1) 


The  shortest  X-ray  wavelength  (A,)  corresponds  to 
continuous  X-ray  spectrum  and  is  given  by 
he 

E=hv  =>  eV=  — ,  which  gives 


1  _ 

-  v 
ev 

From  Eqs.  (1)  and  (2),  we  get 
Aj  _  1 


(2) 


At 


eV 
2  m 


7.  Speed  of  the  electron  in  the  ?zth  orbit  is 

e2 
v  = 


2e0  hn 


Momentum  p  =  mv  = 


me 


2e0  hn 


h 


de  Broglie  wavelength  A  =  —  = 

P 

A  °c  n,  which  is  choice  (c). 


2/7 2  £. 


m  e 


n.  Hence 


8.  Magnitude  of  magnetic  moment  of  an  electron  mov¬ 
ing  in  an  orbit  of  radius  r  with  angular  frequency  co 
is 

charge  x  area 


M  = 


time  period 


exnr~  1  2 

=  -  =  —  e(Or~ 

T  2 

Magnitude  of  angular  momentum  is 
L  =  m  co  r2 
M  _  e 
L  2  m 
eL 


rr.  2  k 

T  =  — 
co 


M  = 


2  m 


nh 


From  Bohr’s  postulate  L  =  — .  Hence 

2  n 


M  = 


eh 


\  4  tc  m  y 
So  M<=c  n,  which  is  choice  (c). 
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9.  The  wavelengths  in  Brackett  series  are  given  by 


Rh  Z  |  2  2  I »  n  5,  6,  7, 

A  V  4  n 


‘  ~  72 


where  RH  is  the  Rydberg  constant.  The  shortest 
wavelength  corresponds  to  n  =  °°.  Thus 

1  1 


-  =  —  R„  Z 
A  16  H 


The  shortest  wavelength  in  Balmer  series  of  hydro¬ 
gen  (Z  =  1 )  is  given  by 

—  =  —  Rh 

A'  4 

Given  A  =  A'.  Therefore  Z2  =  —  =4  =>  Z=  2.  So 
the  correct  choice  is  (a).  ^ 

10.  r„  °c  n2  or  r„  =  kn 2  where  k  is  a  constant.  Hence 


r„  +  j  =  k  (n  +  1  )2 
rn  =  kn 2 

r„  -  i  =  k  (n  -  l)2 


Given 

rn  +  1  -  rn  =  rn  -  1 

=>  k  (n  +  l)2  -  kn2=  k  (n  -  l)2 
=>  (n  +  l)2  —  n2  =  (n  -l)2 

which  gives  n  =  4. 

11.  Current  due  to  circulating  electron  is 


e  v„ 


Tn  2 nrnlvn  2n  rn 
Magnetic  field  at  the  nucleus  is 
/U0I  _  /d0evn 


B  = 


„  ,2  2 

. .  £0  «  n 

Now  r„  =  - r- 


K  m  e 


2  n  r„ 


and  v„  = 


(1) 


2  £q  hn 


Using  these  in  Eq.  (1),  we  find  that  .8  °c  .  So  the 
correct  choice  is  (d).  n 


12.  r  = 


2,2 

£q  n  h 

— 

n  m  e 


L  =  —  =>  nh  =  2  nL 

2  n 

Eq  (2  nL)2 


n  m  e 


L  = 


1/2  .  . 

Thus  L  °c  r  ,  which  is  choice  (a) 


me 


2  h 


1/2 


4n  e. 


x  r 


1/2 


0  J 


13.  Energy  of  a  photon  is  E  =  h  v.  Now  V  =  —  .  Hence 

A 

he  .  he 

E  =  —  or  A  =  — 

A  £ 

Hence  the  correct  choice  is  (a). 

14.  Lenses  of  equal  diameters  collect  the  same  amount 
of  lighter  so  that  the  intensity  remains  the  same; 
hence  the  photoelectric  current  also  remains  the 
same. 

15.  Energy  of  photon  hv=  me2.  Therefore, 

h  v  h 


:A 


( v  c  =  vA) 


h 


Momentum  of  photon  =  me  =  — .  Hence  the 
correct  choice  is  (d).  ^ 

16.  The  wavelength  of  blue  light  is  longer  than  that  of 
violet  light  and  the  wavelength  of  sodium  light  (yel¬ 
low  light)  is  longer  than  that  of  blue  light.  Since  no 
photoelectric  emission  occurs  for  blue  light,  it  fol¬ 
lows  that  the  wavelength  threshold  (Amjn)  is  less  than 
the  wavelength  of  blue  light  and  hence  less  than  that 
of  yellow  light.  Hence  the  correct  choice  is  (d). 

17.  Energy  of  photons  of  frequency  (v)  =  h  V.  If  the  lamp 
emits  n  photons  per  second,  then  the  power  of  the 
lamp  is  P  =  nh  v.  Now,  v  =  c/A.  Therefore 

n  he 


P  = 


A 

1020  x  6.6  xl0“34  x3xl08 


660x10 


-9 


=  30  W 


18.  h  v  =  h Vq  +  eV,  where  V  is  the  stopping  potential. 
For  frequency  V,  we  have 

h  v  =  h  Vq  +  ~~~  (i) 


and  for  frequency  v/2,  we  have 
hv 

—  =  hv0  +  eV0 


(ii) 


From  (i)  and  (ii)  on  eliminating  V0,  we  get 
Vq  =  3  v/2.  Hence  the  correct  choice  is  (b). 

he  he 

19.  hv  =  hv o  +  eV.  Since  v  =  ct  A,  we  have  —  =  — 
0  A  A0 

+  eV,  where  A0  is  the  threshold  wavelength.  For 

wavelength  A,  we  have 


he  he  „ 

—  —  —  +  2  eVn 

A  A0  0 

and  for  wavelength  2  A,  we  have 


he  _  he  eV? 
2  A  A(, 


o 


(i) 


(ii) 
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Eliminating  V0  from  (i)  and  (ii)  we  get  X0  =  3  A. 
Hence  the  correct  choice  is  (d). 

20.  For  light  of  frequency  2  v0,  we  have 

2  hv0=  h  v0  +  eV0  or  h  v0  =  eV0  (i) 

For  light  of  frequency  3v0,  we  have 

3  h  v0  =  hv0  +  eV  or  2hv0  =  eV  (ii) 

From  (i)  and  (ii)  we  get  V=2V0.  Hence  the  correct 
choice  is  (b). 

1  ^ 

21.  —  mv  max  =  h  (v  -  v0).  For  light  of  frequency 

v  =  2  v0  we  have 

1  , 

-  mv0  =  h  (2v0  -  v0)  =  hv0  (l) 


For  light  of  frequency  V  =  5  v0,  we  have 

1  2 

-  mv  =  h  (5v0  -  v0)  =  4/?v0 


(ii) 


Dividing  (ii)  by  (i)  we  get  v2  =  4v20  or  v  =  2v0. 
Hence  the  correct  choice  is  (b). 
h  c 

22.  W0  =  hv0  =  — .  For  a  metal  of  work  function 

A0 

W0/2,  the  threshold  wavelength  X  is  given  by 
Wq_  =  hc_ 

~2  ~  T 


Thus  A  =  2X0.  Hence  the  correct  choice  is  (c). 
cV  .  c 

23.  Now  vm„.,  =  — .  Since  v  =  — ,  we  have 

UldX  7  7 

n  A 


A  min 


ch 

eV 


3  x10s  x  6.6x10 
1.6  x  10~19  x  104 


-34 


=  1  x  10 


-10 


m 


=  l  A 


Hence  the  correct  choice  is  (a). 

24.  E  =  hv=  —  =  6-6  x  10~34  x  3  x  108 

A  10-10 

=  1.98  x  10~15  J  -  2  x  10-15  J 
Hence  the  correct  choice  is  (a). 

25.  The  correct  choice  is  (d)  because  the  emission 
of  characteristic  X-rays  starts  only  when  the 
incident  electrons  are  accelerated  beyond  a  certain 
critical  value. 

26.  The  maximum  frequency  is  given  by 

• 

v  =  —  iev  oc  v 

Kmax  7  ’  *max  r 

n 

Hence  the  correct  choice  is  (b). 


27.  Amiri  =  C  =  — .  Thus  V °c  — - —  .  Thus  if  Fis 

v  eV  X  ■ 

vmax  ,k'min 

increased,  Xmin  decreased.  Hence  the  correct  choice 
is  (d). 

28.  X-rays,  being  electromagnetic  waves,  always  travel 
with  the  speed  of  light  i.e.,  3  x  10 8  ms-1  in  vacuum. 
It  is  only  the  energy  of  the  incident  electrons  (and, 
therefore,  the  energy  of  the  emitted  X-rays)  that  de¬ 
pends  on  the  accelerating  p.d.  The  speed  of  X-rays 
has  nothing  to  do  with  this  p.d.,  it  is  a  characteris¬ 
tic  only  of  the  medium  of  propagation.  Unlike  the 
case  of  visible  light,  the  speed  of  X-rays  changes 
but  little  with  a  change  in  medium  (the  refractive 
index  of  different  media  for  X-rays  is  very  close  to 
unity) 

29.  V=  66  kV  =  66,000  V.  Now 

;  =  — 

■^min  T  7- 

eV 

_  6.6  x  10~34  x  3  x  108 
1.6x10  19  x  66,000 
=  1.87  x  10~n  m  =  0.0187  nm 

Since  wavelength  0.01  nm  is  less  than  Xmin,  it  will 
be  absent  from  the  continuous  spectrum.  Hence  the 
correct  choice  is  (d). 

he  1 

30.  Xmin  =  — ,  i.e.  Xmin  oc  —  .  Hence  the  correct  choice 

eV  V 

is  (c). 

eV 

31.  vm!lv  =  — .  Thus  vmav  oc  V.  Hence  the  correct 

IildX  7  UldA 

/? 

choice  is  (a). 

32.  We  use  Bragg’s  equation  2  J  sin  6=  nX.  Here  order 
n  =  1,  0=  30°  and  d=  0.6  nm.  Therefore, 

X  =  2  x  0.6  x  sin  30°  =  0.6  nm 

33.  Here  order  n  =  2  and  0  =  45°.  From  Bragg’s  equa¬ 
tion,  we  have 

2  d  sin  45°  =  2  X 
or  J  =  V 2  X 


34.  According  to  Moseley’s  law  Vv  =  a  ( Z-b ).  Hence 

2 

V  °c  (Z-b)  .  For  Ka  line,  b  =  1.  Hence  the  correct 
choice  is  (b). 


35.  From  Moseley’s  law,  we  have 
V«  (41-1° 
v2i 


V  21  -  ly 


=  4.  Hence 


1  _  A41  _  ,w 

h'  -  T  -  4 


X 
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36.  The  correct  choice  is  (b). 

37.  Due  to  collision,  the  energy  of  the  scattered  photon 
will  be  less  than  that  of  the  incident  photon  as  some 

h  c 

energy  is  lost  in  the  collision.  Now  E  =  hv=  —  . 

A 

Thus  if  E  decreases  v  decreases  and  A  increases. 
Hence  v'  <  v  and  A'  >  A. 

38.  To  produce  characteristic  X-rays,  the  energy  of  the 
incident  electrons  must  be  greater  than  the  binding 
energy  of  the  innermost  electron.  Thus  the  acceler¬ 
ating  voltage  must  be  greater  than  40  kV,  then  the 
accelerated  electrons  will  have  energy  greater  than 
40  keV.  Hence  the  correct  choice  is  (b). 

he 

39.  Amin  =  ~ .  Hence  the  correct  choice  is  (b). 

40.  If  V  is  increased,  the  energy  of  X-rays  E  =  eV 
also  increases.  But  E  =  hv.  Hence  frequency  v  is 
increased. 

41.  The  wavelength  associated  with  a  particle  of 
charge  q,  mass  m  and  accelerated  through  a 
potential  difference  V  is  given  by 

h 


A  = 


y jlmqV 


or 


V  = 


2  m  q  A~ 


for  proton:  V  = 

For  a-particle  :  V  = 


2mpqpA- 


2ma  qa  A 


V'  m  q  111 
-  -TX—  =  -  x  -  =  - 


V 


m. 


•a  <7a  *  ^  8 

(  Y  ma  =  4  mp  and  qa  =  2qp) 
Thus  V  =  178.  Hence  the  correct  choice  is  (a). 

42.  The  de  Broglie  wavelength  of  a  particle  of  mass  m 
moving  with  a  speed  v  is  given  by, 

A  =  — 
mv 

Kinetic  energy  K  =  —  mv 2  or  m  v2  =  2 K  or  m2v2 


=  2  Km  or  mv  =  \j2Km  _  Therefore 
* 


^2K  m 

Since  K  is  the  same  for  both  particles,  we  have 


Aj  _  m2  _  l  m  _  ^ 
A o  v  m,  V  m 


v 2  V  '"1 

Hence  the  correct  choice  is  (d). 

43.  We  have  seen  above  that  A  .  Hence 

vT 


K 

A 


927  +  273 
27  +  273 


=  2 


A'  =  2 A.  Hence  the  correct  choice  is  (c). 

1  2 

44.  In  terms  of  kinetic  energy  K=  —  mv ",  de  Broglie 
wavelength  is 

A  -  * 


1 


■Jl ~mK 


Thus  A  °c  - - -  If  K  is  increased  by  a  factor  of  4, 

y/K 

A  is  decreased  by  a  factor  of  2.  Hence  the  correct 
choice  is  (b). 

45.  K=  180  eV=  180  x  1.6  x  10  19  J  =  2.88  x  10  17  J. 
Now  A  = 


y[2m~K 


A  = 


6.6x10 


-34 


[2x9xl0~31  x2.88xl0-17] 

6.6  x  10-34 


il/2 


7.2x10 


-24 


=  0.9  x  10~10  m 


46.  /3-particle  is  an  electron.  Since  electron  has  the 
smallest  mass,  its  de  Broglie  wavelength  is  the  lon¬ 
gest  as  the  velocity  of  all  particles  is  the  same. 

47.  The  speed  ofphoton  =  c  =  3  x  108  ms1.  Wavelength 
of  photon  is,  say,  A. 

h 

Wavelength  of  electron  =  - =  A.  Now 


mv 


J_  2 

KE  of  electron  _  2  m  V 
KE  of  photon 


1  mv 2 


hv 


2  he 


A 


2 

mv 

h 

( 

v  A  = 

V 

h  \ 

2  he 

mv 

mv  p 

V 

1 

( 

c/2). 

V  = 

2c 

4 

A,  4 

48.  For  Lyman  series,  we  have  —  =  —  .  Hence 

A  ^ 

A,=  -  x  911.6  =  1215  A. 

3 
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49.  The  maximum  number  of  electrons  that  can  be 
accommodated  in  orbits  with  n  =  3  is 

2  x  l2  +  2  x  22  +  2  x  23  =  28. 

50.  The  correct  choice  is  (d). 

51.  For  an  atom  of  atomic  number  Z,  the  radius  of  the 
nth  orbit  is  given  by  [see  Eq.  (4)] 


K  nz 


(i) 


where  K  = 


e,Jr 


is  a  constant.  For  the  ground 


n  m  e 

state  of  hydrogen  (Z=  1),  n  =  1  so  that 
'i  =K 

Let  n  be  the  energy  state  of  Be+++  for  which  the 
orbital  radius  is  rx.  Putting  Z  =  4  and  rn  =  rx=  K  in 
Eq.  (i)  we  get 

n1  2 

K  =  K  —  or  nz  =  4  or  n  =  2 
4 

Flence  the  correct  choice  is  (b). 

52.  The  energy  in  the  nth  state  is  given  by  [see  Eq. 

(5)] 

2  ry2  S~1  ry2 

_  me  Z  C  / 

"  8  e0h2  n2 


where  C  =  — 


me 

8£n/?2 


is  a  constant.  For  the  ground 


state  n  =  1  of  hydrogen  and  for  n  =  2  state  of  Be+++, 
we  have 

Ex  =  C  and  E'2  =  <=34i-  =  4 C 


E'i  _  4  C 


C 


(2) 


=  4. 


Flence  the  correct  choice  is  (d). 


53.  E„  = 


CZ~ 


For  n  =  1  state  of  hydrogen,  we  have 


Ex  =  C  and  for  the  nth  state  of  Li++,  we  have 


E„  = 


C  (3)2  _  9  C 


=  — r- .  For  Ex  =  En,  we  require 


9  C 


C  =  —2"  which  gives  n  =  3.  Flence  the  correct 
n 

choice  is  (c). 

TS  2 

A. 

54.  Now  rn  =  —  .  Therefore,  for  hydrogen  (n  =  1 

state),  we  have 

=  K  (vZ=  1) 

and  for  Li++  (n  =  3  state)  we  have  (v  Z=  3) 


r;  =  ^:=3  A 


1-^.3. 


Flence  the  correct  choice  is  (c). 

55.  The  kinetic  and  potential  energies  of  an  electron  in 
the  nth  excited  state  are  given  by 


and 


KE  = 


PE  = 


1  2 
1  e 


>7T£0  rn 

i  2 

1  e 


4keq  rn 


(i) 


(ii) 


Adding  (i)  and  (ii)  we  get  the  total  energy  E  which 
is 

E  =  KE  +  PE  =  -  — — —  (iii) 


r„ 

Notice  from  (i)  and  (iii)  that  E  =  -  KE.  Given 
E  =  -  3.4  eV.  Hence  KE  =-£’  =  -(-  3.4)  = 
+  3.4  eV.  Thus  the  correct  choice  is  (b). 

PE 

56.  From  (ii)  and  (iii)  we  find  that  E  =  or  PE  =  2 E 

=  2x  —  3. 4  =  -6.8  eV.  Hence  the  correct  choice  is 

(c). 

57.  The  first  line  corresponds  to  n  =  3.  Therefore, 


1  1 


a,  =iH4-32 


4  9)  36 


36  16 

or  A,  =  — —  .  We  have  seen  above  that  A ,  = 

1  c  r>  z. 


5RU 


3  R. 


Hence 


or 


16  5  R, 


H  - 


20 


Aj  3Rh  36  27 

A,  =  —  Aj  =  —  A. 

-  27  27 


58.  Now  v  Z".  For  doubly  ionized  lithium  Z  =  3. 
Hence  the  correct  choice  is  (c). 

59.  Energy  difference  A E  °c  Z2.  For  a  singly  ionized 
helium  atom  Z  =  2.  Hence  A E  =  10.2  x  (2)2  = 
40.8  eV. 

60.  Ionization  energy  E  Z2.  For  helium  Z  =  2.  Hence 
E  for  helium  =  13.6  x  (2)2  =  54.4  eV,  which  is 
choice  (c). 

61.  When  an  electron  in  the  ground  state  receives 
12.1  eV  of  energy,  it  jumps  to  a  level  where  its 
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energy  =  13.6  -  12.1  =  1.5  eV.  This  corresponds  to 
the  third  excited  state  corresponding  to  n  =  3.  It  can 
have  three  transitions,  namely  from  n  =  3  to  n  =  2, 
from  n  =  2  to  n  =  1  and  from  n  =  3  to  n  =  1 .  Hence 
three  spectral  lines  will  be  emitted. 

62.  Orbital  speed  v0  °c  — .  Therefore,  n  =  2.  Now 

n 

rn  oc  n2.  Hence  the  radius  of  the  new  orbit 
=  (2)2  X  r  =  4 r. 

63.  Energy  state  -  3.4  eV  corresponds  to  a  level  n 
given  by  -  13.6  eV/n  =  -  3.4  eV  which  gives 

n  =  2.  Now,  orbital  speed  v0  oc  -  Hence  the 

n 

orbital  speed  in  the  excited  state  is  v/2. 

64.  The  total  energy  of  an  electron  bound  to  an  atom 
is  negative  and  is  the  sum  of  its  P.E.  and  K.E.  The 
magnitude  of  the  P.E.  is  twice  that  of  the  K.E.  (as 
per  the  Bohr  model)  but  since  the  P.E.  is  —  ve,  we 
have 

Total  Energy  =  (-  2  K)  +  (K)=-K 
(K  =  Kinetic  energy).  Hence  the  ratio  of 
total  energy  and  kinetic  energy  =  1  :  1  =  -  1 . 

65.  The  longest  wavelengths  in  the  two  series  are  given 
by 


and 


4  3  36  27  .  . 

7“  =  —  x  —  =  —  or  A,  :  Ar  =  5 

AL  4  5  5 

h 


27 


66.  Since  the  momentum  of  photon  is  — ,  from  the  law 

A 

of  conservation  of  momentum,  the  recoil  speed  v  of 
an  atom  of  mass  m  is  given  by 


h  h 

mv  =  —  or  v  =  - 

A  m  A 

67.  The  maximum  number  of  electrons  allowed  in 
an  orbit  is  In2.  Hence  the  number  of  possible 
elements  is 


2  (l2  +  22  +  32  +  42)  =  60 


68.  The  stopping  potential  depends  on  the  frequency 
(or  wavelength)  of  the  incident  electromagnetic 
wave  and  is  independent  of  the  distance  of 
the  source  from  photocell.  Hence  the  stopping 
potential  will  still  be  0.6  V.  However,  the  saturation 
current  varies  as  1/r  2,  where  r  is  the  distance  of  the 
source  from  the  photocell.  Since  r  is  increased  by  a 
factor  of  3,  the  saturation  current  will  decrease  by 
a  factor  of  (3)2  =  9,  i.e.  it  will  be  18  mA/9  =  2  inA 
at  r  =  0.6  m.  Hence  the  correct  choice  is  (d). 


E  h 

69.  We  know  that  c  =  vA.  Now  v  =  —  and  A  =  ~ . 

Therefore,  ^  P 

,  E  h  E 

c  =  vA  =  —  x  —  =  — 

h  p  p 

Hence  the  correct  choice  is  (b). 

70.  h v  =  eV  +  W0  or  eV  =  hv  -  W0  =  hv  -  hv0.  Now 
v  =  d A  and  v0  =  c/A0.  Thus,  for  wavelength  A, 
we  have 

1  1  ' 

A  \ . 

and  for  wavelength  A'  =  2 A,  we  have  ( v  V'  =  V/3) 

1  1 


eV  =  he 


(i) 


or 


^  =hc 
3 


eV  =  3  he 


2  A  A, 

1 


v  2  A  A 0  y 


(ii) 


From  (i)  and  (ii)  we  have 

2A 


.3 


A  An 


which  gives  A0  =  4  A.  Hence  the  correct  choice  is 
(b). 

71.  When  an  electron  falls  from  energy  level  E2  to  en¬ 
ergy  level  E j,  the  frequency  V  of  the  emitted  radia¬ 
tion  is  given  by 

hv  =  E2  —  El 


or 


tlc  »7  r 

—  =  -  E, 

A 


or  y  =  7-  {E2  -  Ex)  =  k(E2-  £,) 

A  he 

where  k  =  1  lh  c.  For  energy  levels  A,  B  and  C,  we 
have 

—  ~  k  ( Ec  -  Eb ) 

Aj 


k  (Eb  E A) 

a2 

and  -1-  =  k(Ec-  EA) 

A3 

Adding  (i),  (ii)  and  (iii),  we  get 
T~  +  7“  +  7“  =  k  i(Ec  ~  eb )  +  ( eb 


(i) 

(ii) 

(iii) 


A3 


Ea) 

+  (Ec  -  Ea)} 


or 


=  k  (2 Ec  -  2 Ea)  =  — 

— +  --L  „r 

Aj  A2  Aj  +  A2 


Hence  the  correct  choice  is  (b). 
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72.  Peaks  A  and  B  represent  characteristic  X-rays; 
they  are  different  for  different  emitters.  Hence  the 
correct  choice  is  (c). 

73.  For  wavelength  A  we  have 

1  2 

-  mv  =  hv  -  Wn 
2  0 


he  he  he  (A0  -  A) 


A  An 


For  wavelength  A',  we  have 

1  mv’2  - 

2  A'  An 


(i) 


(ii) 


H) 


From  (i)  and  (ii)  we  get 


v'2  _  A  w  (A0  -  A') 
v2  A'  X  (A0  -  A) 

Now  A'  =  3  A/ 4.  Hence 

v'2  =  4  (A0  -3A/4) 
v2  3  (A0  -  A) 

v'2  4  [4 

Therefore,  — —  is  greater  than  —  .  Hence  v  >v.  —  . 

v~  3  V  3 

74.  Energy  required  to  remove  one  electron  is  Ex  = 
24.6  eV.  The  energy  required  to  remove  the  second 
electron  is 


En  =  Z "  Ruhc 


1 


H 


=  (2 y  x  13.6  eV  =  54.4  eV 
Total  energy  required  =  Ex  +  E2 
=  24.6  +  54.4  =  79.0  eV. 


75.  E=Z  RHhc 


1 


1 


(°°) 


=  (3)2x  13.6eV=  122.4eV 


hc  6.63  x  10-34  x  3  x  10s 
76‘  =  0.021  xlO-9  =  59  x  103  eV 

=  59  keV. 

77.  The  stopping  potential  in  volts  =  kinetic  energy 
of  the  emitted  photoelectrons  in  eV.  Hence  the 
correct  choice  is  (b). 

2k  r 


78.  T  = 


and  mvr  =  nh!2n.  Therefore, 


Also 


T  = 


r  = 


2  k  r 


n  hi  {2  k  m  r ) 
h2  £r 


4  k2  m 
nh 


yK me  j 


n  ,  /.  T= 


f  4h  3£q^ 


me 


x  n 


For  the  two  orbits  —  = 


\nij 


.  Given  T ,  = 


8T2.  Hence  nx/n2  =  2.  Hence  the  correct  choice  is 

(d)“ 

79.  For  a  given  accelerating  voltage,  the  wavelength 
of  the  continuous  X-rays  will  vary  from  a  mini¬ 
mum  value  Amin  to  infinity  where  Amin  is  greater 
than  zero.  Hence  the  correct  choice  is  (b). 


80. 


6.626  x  10“34  x3xl08 


4.0  x  1.6  x  10-19 
=  3.10  x  10-7  m  =  310  nm 

81.  Let  vx  and  v2  be  the  respective  speeds  of  the 
two  particles.  The  law  of  conservation  of  linear 
momentum  gives 


ixvx  +  m2v 2  =  0  or 


m2  v2 


W7[  Vx 


=  1.0 


Since  de  Broglie  wavelength  A  =  h/(m  v ),  we  will 
have 

A.  =  w2  ^2  =  J  Q 

A2  mx  vx 

82.  The  energy  levels  of  the  hypothetical  particle  of 
double  the  mass  of  the  electron  but  having  the  same 
charge  as  the  electron  are  given  by 


E„  = 


2  RHhc 


(v  Z=  2) 


For  the  longest  wavelength  photon  emission  leav¬ 
ing  the  atom  in  the  first  excited  state  will  involve 
transition  from  n  =  3  state  to  n  =  2  state.  Hence 

|AZs|  =  2  Ruhc{\  -  =  2  RHhc( — 


V36 


=  —  R„hc 
18  H 


The  wavelength  corresponding  to  this  energy  is 
hc  18 


A  = 


|  -'J'K 


5  Ru 


,  which  is  choice  (c). 


83.  The  energy  of  incident  electrons  is 
E  =  80  keV  =  80  x  103  eV 

=  80  x  103  x  1.6  x  10  19  J 
=  1.28  x  10  14  J 

The  minimum  wavelength  of  the  continuous  X-ray 
spectrum  is 

_  hc  6.6  x  10~34  x  3  x  108 
4110  “  A  1.28  xlO-14 

=  0.155  x  10~10  m  =  0.155  A 
Since  the  energy  of  the  incident  electrons  is  more 
than  that  of  the  K  shell  electrons  in  tungsten,  the 
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characteristic  X-ray  spectrum  of  tungsten  will  ap¬ 
pear  as  peaks  on  the  background  of  the  continuous 
X-ray  spectrum.  Hence  the  correct  choice  is  (d). 

84.  Ex  =  h  (Vj  -  v0)  and  E2  =  h(  v2  -  v0).  Dividing  them, 
we  get 


J2  _  v2 


V,  -Vn 


Given 


Al  Vx  —  V0 
E2  =  nEx.  Hence,  we  have 

„= 


Vi  v0 

WVi  -v2  . 

which  gives  v0  =  - ,  which  is  choice  (b). 

(« - 1) 

85.  Let  «70  and  e0  be  the  mass  and  charge  of  a  proton 
and  mx  and  ex  those  of  a-particle.  Then 

A0  =  ,  h  =  and 


Ai  = 


\l2mo  e0  V 
h 

V  2  Wj  ex  V 


K  _ 


(i) 


Dividing,  we  get  —  =  I—  x  — 

A0  V  m\  ei 

Now,  a-particle  has  twice  the  charge  and  4  times 
the  mass  of  a  proton,  i.e.  mx  =  4  m0  and  ex  =  2  e0. 
Using  these  in  Eq.  (i),  we  get 


*1  = 


2V2 


,  which  is  choice  (c). 


he 

86.  A,  =  -  is  the  de  Broglie  wavelength.  The  energy 

mo 


of  a  photon  of  this  wavelength  is 

.  he  he 

E  =  hv  =  —  =  -  =  mvc 

A  hi  mv 

Kinetic  energy  of  the  particle  is 

E'=  —  mv2 
2 

From  (i)  and  (ii),  we  have 

E/_  =  2nW~  _  v  2.25x10s 

E  mvc  2c  2x(3xl08) 

2.25  3 


(i) 


(ii) 


6  8 

Hence  the  correct  choice  is  (b). 

87.  The  momentum  of  a  photon  of  wavelength  X  is 
_  h  hv  E 

P  A  Av  c 


(because  E  =  hv  and  c  =  vA).  Since  the  photon  is 
reflected  back,  the  momentum  after  reflection  is 
(■ ~P )• 

2  E 

Momentum  transferred  =  p  -(-/>)  =  2p  =  — . 
Hence  the  correct  choice  is  (b). 

he 

88.  Given  Km„  =  —  -  W0  (i) 


A, 

he 

and  2  Kmax  =  - W0 

A2 

Dividing  (ii)  by  (i),  we  get 
he 


(ii) 


2  - 


—  ~W„ 


he 


which  gives  W0  = - (2A-,  -  Aj)  which  is  choice 

(a).  Ai  A2 

g 

89.  eV0  =  hv.  Therefore,  v=  —  V0.  Hence  the  slope  of 

h 

e 

V  versus  V0  graph  is  —  which  is  choice  (c). 
h 

1  9 

90.  E  =  —  mv 2  =  h v0  -  W0.  Now  Ex=  2  -  1  =  1  eV  and 
£’,=  10-1=9  e V.  Therefore  Ex/E2  =  1/9,  i.e. 


1  2 

-  mv 

2 


1  1 


1  2  9 

-  mv7 

2  2 


v,  1 


or  -  ~  .  Hence  the  correct  choice  is  (d). 

v2  3 

9  he  9 

91.  hv  =  me  or  —  =  me  (v  c  =  vA).  Hence 

A 

h 

m  =  —  which  is  choice  (b). 

Ac 

nh 

92.  For  nth  Bohr  orbit,  mvr  =  — .  The  de-Broglie 


wavelength  is 


2k 


A=  — 
mv 

But  mv  =  .  Therefore, 

2k  r 

Ijrr 

A  =  h  x  - = -  which  is  choice  (a). 

nh  n 

h 

93.  Given  mv  =  —  .  Hence  the  correct  choice  is  (a). 

A 


he 

X 


94.  Given  —  -  W0  =  Kx 


(i) 
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and  - - W0  =  K2  (ii) 

a2 

Eliminate  he  from  (i)  and  (ii).  The  correct  choice 
is  (a). 

95.  hv  =  E  +  W0  =  0.5  eV  +  W0  (i) 

When  the  energy  of  the  incident  photon  is 
increased  by  20%,  we  have 

-  hv  =E'+W0=  0.8  eV  +  W0  (ii) 

5 

Subtracting  (ii)  from  (i),  we  get  hv  =  1.5  eV.  Hence 
W0  =  hv- 0.5  eV  =  1.5  eV-0.5  eV=  1.0  eV.  Thus 
the  correct  choice  is  (b). 

,  h 

96.  Momentum  of  photon  is  p  =  —  .  Momentum  of  an 

X  h 

electron  moving  with  velocity  v  is  mv.  Given  —  = 

h  ^ 

mv  or  v  =  - ,  which  is  choice  (a). 

mX 

97.  We  know  that  rn  n1  or  n  .  If  rx  and  r2  are 
the  radii  of  the  initial  and  final  states  respectively, 
then 


Hence  the  correct  choice  is  (b). 

98.  It  follows  from  the  figure  that  the  stopping 
potential  ( V0 )  is  the  same  for  the  two  radiations. 
We  know  that  eV0  =  Emax  and  Emax  =  hv  -  W0. 
Since  V0  is  the  same,  Emax  and  hence  V  is  the  same 
for  radiations  a  and  b.  Hence  va  =  Vh.  Since  the 
saturation  current  is  greater  for  radiation  b  than  for 
radiation  a,  the  intensity  Ib  is  greater  than  Ia.  Hence 
the  correct  choice  is  (b). 

99.  The  energy  required  to  excite  a  hydrogen  atom 
from  state  (n  =  1  state)  to  the  n  =  2  state  is  10.2 
eV.  So  when  a  photon  of  energy  10.2  eV  under¬ 
goes  an  inelastic  collision  with  a  hydrogen  atom  in 
the  ground  state,  the  electron  of  the  hydrogen  atom 
jumps  from  n  =  1  state  to  n  =  2  state.  The  elec¬ 
tron  spends  a  time  between  10~10  s  to  10~8  s  in  the 
excited  state  before  falling  back  to  the  ground 
state. In  this  process,  a  photon  of  energy  10.2  eV  is 
released.  After  a  few  microseconds,  when  a  another 
photon  of  energy  14.6  eV  collides  with  the  same 
hydrogen  atom,  it  finds  the  atom  in  the  ground 
state.  Now,  the  ionization  energy  of  hydrogen  atom 
is  13.6  eV.  The  part  13.6  eV  of  the  energy  of  the 
incident  photon  is  used  up  in  ionizing  the  atom, 
i.e.  in  knocking  the  electron  from  the  atom  and 
remaining  energy  =  14.6  -  13.6  =  1 .0  eV  is  used  up 
in  imparting  kinetic  energy  to  the  released  electron. 
Hence  the  correct  choice  is  (b). 


100.  The  energy  of  a  photon  of  wavelength  X  is  given 
by 

he 

E  =  — 

X 

The  energies  of  radiations  of  wavelengths  X1  and  A, 
are 

„  he  he  . 

E^  and  E2  respectively 

Xy  X2 


Ex  —  E2=  he 


1  1 


Xi  X2J 

The  value  of  h  is  given  by  choice  (c) 


101.  For  a  hydrogen  like  element,  we  have 


-  =  Z% 

X  h 


2  2 

V»1  n2  J 


For  A-line:  E  =  Z2RH  fT - L-  |  = 

^ a 


l2  22 


3  Z2Ru 


For  Aff-line:  —  =  Z~R„  — - -  = 


Xa 


1  1 


l2  32 


8  Z2Ru 


Dividing,  we  have 

X 

_ I 

X, 


n  =  3  9  =  27 

"  4X8  32 


^B=  ~  K=  ~  x  0.32  A  =  0.27  A. 

/i  32  «  32 

The  correct  choice  is  (b). 

102.  Total  energy  =  KE  +  PE  =  K  +  U 

In  the  region  0  <  x  <  1 ;  Ux  =  E.  Therefore,  kinetic 
energy  is 

K]  =  total  energy  -  Ux=  nE  —  E  =  (n-  1)  E 

^=^==  h  ,  =  (1) 


yj2mKx  Jlm(n  —  1 )  E 


In  the  region  x  >  1;  U2  =  0.  Therefore,  kinetic 
energy  is 


K2  =  nE  -  0  =  nE 


A2 


h 


h 


y\2mK~,  yj2mnE 
Dividing  (1)  by  (2),  we  get 


(2) 


A. 


2  v  («  - 1) 


.  So  the  correct  choice  is  (b). 


103.  From  Moseley’s  law,  we  have 


^41-1V 


V  21  —  1  y 


=  4.  Hence 
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_  A41  _  A 

^  4  4 

104.  de-Broglie  wavelength  is 

*-  * 


\jlmE 


(1) 


where  E  is  the  kinetic  energy  of  the  electrons.  The 
out-off  wavelength  is 
_  he 

An  ~  —— 


From  Eq.  (1)  E  = 


lr 


A0 


2mA2 

2 me  A2 


Hence 


h 


105.  -  =  R 


1  1 


A 

The  largest  wavelength  in  the  ultraviolet  region  of 
the  hydrogen  spectrum  corresponds  to  the  transi¬ 
tion  nl ■=  2  to  n2  =  1  (Lyman  series).  Thus 

1 


122  nm  R" 


which  gives  RH  = 


!_!]  =  3^ 

4)  4 


3  x  122  nm 


The  smallest  wavelength  A  in  the  infrared  region  of 
the  hydrogen  spectrum  corresponds  to  nt  =  °°  and 
n2  =  3  (Paschen  series).  Therefore 


I**/1 

A  J 


1 


Ru 


9  9  x  3  x  122nm 

=>  A=  —  =  - -  823  nm 

Ru  4 

he 

106.  Amm  =  —  ,  which  is  independent.  Hence  choice  (a) 
eV 

is  wrong. 


107.  For  photoelectric  emission,  the  wavelength  of  the 
incident  radiation  must  be  less  than  the  cut-off 
wavelength  of  the  metal  given  by  A0  =  hc/(f>(t.  For 
metals  p,  q  and  r,  the  cut-off  wavelengths  are 
1240  eV  nm 


-  _  he 

P~  t  ” 

1240 


2.0  eV 


=  620  nm 


\  = 


A  = 


2.5 

1240 

To” 


=  496  nm 


=  413.3  nm 


Hence  metal  plate  p  emits  photoelectrons  for  all  the 
three  given  radiations,  metal  plate  q  emits  photo¬ 
electrons  for  radiation  of  wavelengths  450  nm  and 
350  nm  and  metal  plate  r  emits  photoelectrons  only 
for  wavelength  350  nm.  Therefore,  photoelectric 
current  is  maximum  for  metal  p  and  minimum  for 
r,  i.e.  Ip  >  Iq  >  So  the  correct  choice  is  (a). 


108.  -=  RUZ2 


1  1 


For  singly  ionized  helium  atom,  Z  =  2.  For  hydro¬ 
gen  atom  Z  =  1 . 

For  Bahner  series  nx  =  2. 

For  first  spectral  line  of  hydrogen  : 


1 


6561 


=  R 


Rr  = 


h  x  (i  y 

36 


1 

¥ 


1 

¥ 


5  R 
36 


5x6561 

For  second  spectral  line  of  helium, 


-  =  * 
A 


H  X  (2) 
36 


1 

¥ 


i 

¥ 


3  R» 


=  3 
4  5x6561 

A  =  1215  A 


# 

Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  The  threshold  frequency  for  photoelectric  emission 
from  a  material  is  4.5  x  10 14  Hz.  Photoelectrons  will 
be  emitted  when  this  material  is  illuminated  with 
monochromatic  light  from  a 


(a)  50  watt  infrared  lamp 

(b)  100  watt  red  neon  lamp 

(c)  60  watt  sodium  lamp 

(d)  5  watt  ultraviolet  lamp 
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2.  When  monochromatic  light  from  a  bulb  falls  on  a 
photosensitive  surface,  the  number  of  photoelec¬ 
trons  emitted  per  second  is  n  and  their  maximum 
kinetic  energy  is  Kmax.  If  the  distance  of  the  lamp 
from  the  surface  is  halved,  then 

(a)  n  is  doubled 

(b)  n  becomes  4  times 

(c)  Kmax  is  doubled 

(d)  Kmax  remains  unchanged 

3.  The  maximum  kinetic  energy  of  photoelectrons  in 
a  photocell  depends  upon 

(a)  the  frequency  of  the  incident  radiation 

(b)  the  work  function  of  the  photosensitive 
material  used  in  the  cell 

(c)  the  intensity  of  the  incident  radiation 

(d)  all  the  above  parameters. 

4.  When  ultraviolet  light  is  incident  on  a  photocell, 
its  stopping  potential  is  V0  and  the  maximum 
kinetic  energy  of  the  photoelectrons  is  Kmax.  When 
X-rays  are  incident  on  the  same  cell,  then 

(a)  V0  will  increase 

(b)  Kmax  will  increase 

(c)  V0  will  decrease 

(d)  Kmax  will  decrease 

5.  The  work  function  of  metal  A  is  greater  than  that 
for  metal  B.  The  two  metals  are  illuminated  with 
appropriate  radiation  of  frequency  V  so  as  to  cause 
photoelectric  emission  in  both  metals.  If  v0  is 
the  threshold  frequency  and  Kmax,  the  maximum 
kinetic  energy  of  photoelectrons,  then 

(a)  v0  for  metal  A  is  greater  than  that  for  metal 
B. 

(b)  v0  for  metal  A  is  less  than  that  for  metal  B. 

(c)  Kmax  for  metal  A  is  greater  than  that  for  metal 
B. 

(d)  Kmax  for  metal  A  is  less  than  that  for  metal 
B. 

6.  X-rays  are  used  to  cause  photoelectric  emission 
from  sodium  and  copper.  Then 

(a)  the  stopping  potential  is  more  for  copper  than 
for  sodium. 

(b)  the  stopping  potential  is  less  for  copper  than 
for  sodium. 

(c)  the  threshold  frequency  is  more  for  copper 
than  for  sodium. 

(d)  the  threshold  frequency  is  less  for  copper  than 
for  sodium. 

7.  When  a  monochromatic  point  source  of  light  is 
at  a  distance  of  0.2  m  from  a  photoelectric  cell, 


the  cut-off  voltage  and  the  saturation  current  are 
respectively  0.6  volt  and  18.0  mA.  If  the  same 
source  is  placed  0.6  m  away  from  the  photoelectric 
cell,  then 

(a)  the  stopping  potential  will  be  0.2  volt 

(b)  the  stopping  potential  will  be  0.6  volt 

(c)  the  saturation  current  will  be  6.0  mA 

(d)  the  saturation  current  will  be  2.0  mA. 

8.  When  a  point  light  source,  of  power  W  emitting 
monochromatic  light  of  wavelength  A  is  kept  at  a 
distance  a  from  a  photosensitive  surface  of  work 
function  <p,  and  area  S,  we  will  have 

(a)  number  of  photons  striking  the  surface  per 

.  .  WAS 

unit  time  as  - - 

4n  he  a" 

(b)  the  maximum  energy  of  the  emitted  photo¬ 
electrons  as  —  {he  -  A(j)) 

A 

(c)  the  stopping  potential  needed  to  stop  the 
most  energetic  emitted  photoelectrons  as 

j  {he  -  A(j>). 

(d)  photoemission  occurs  only  if  A  lies  in  the 
range  0  <  A  <  h  c/(p 

9.  Which  of  the  following  statements  are  correct  about 
photons? 

(a)  The  rest  mass  of  a  photon  is  zero 

(b)  The  energy  of  a  photon  of  frequency  V  is 
h  V 

(c)  The  momentum  of  a  photon  of  frequency  V 

.  hv 
is  — 

c 

(d)  Photons  do  not  exert  any  pressure  on  a 
surface  on  which  they  are  incident. 

10.  Figure  28. 14  shows  the  stopping  potential  V0  versus 
frequency  v  for  photoelectric  emission  from  two 
metals  A  and  B.  Choose  the  correct  statement(s) 
from  the  following. 


Fig.  28.14 

(a)  Work  function  of  A  is  greater  than  that  of  B. 

(b)  Work  function  of  B  is  greater  than  that  of  A. 


28.30  Comprehensive  Physics — JEE  Advanced 


(c)  Threshold  frequency  of  A  is  greater  than  that 
of  B. 

(d)  Threshold  frequency  of  B  is  greater  than  that 
of  A 

11.  The  intensity  of  X-rays  from  a  Coolidge  tube  is 
plotted  against  wavelength  as  shown  in  Fig.  28.15. 
The  minimum  wavelength  found  is  Xc  and  the 
wavelength  of  Ka  line  is  Xk.  If  the  accelerating 
voltage  is  increased 


Fig.  28.15 

(a)  Xc  decreases 

(b)  XK  increases 

(c)  {XK- Xc)  increases 

(d)  Xc  and  XK  both  decrease  but  (XK  -  Xc) 
remains  unchanged 

12.  A  hydrogen  atom  and  a  Li2+  ion  are  both  in  the  sec¬ 
ond  excited  state.  If  /H  and  lLi  are  their  respective 
electronic  angular  momenta,  and  EH  and  Eu  their 
respective  energies,  then 

(a)  /H  =  lu  (b)  lH  >  lu 

(c)  Eh  <  Eu  (b)  Eh  >  Eu 

13.  The  electron  in  a  hydrogen  atom  makes  a  transition 
from  an  excited  state  to  the  ground  state.  Which  of 
the  following  statements  are  not  true? 

(a)  Its  kinetic  energy  increases  and  its  potential 
and  total  energies  decrease. 

(b)  Its  kinetic  energy  decreases,  potential  energy 
increases  and  its  total  energy  remains  the 
same 

(c)  Its  kinetic  and  total  energies  decrease  and  its 
potential  energy  increases. 


SOLUTIONS 

1.  Electrons  will  be  emitted  if  the  frequency  of 
incident  light  is  greater  than  4.5  x  10 14  Hz. 
Wavelength  of  infrared  light  -  10,000  A,  its 

3  x  108 

frequency  is  V  (infrared)  =  - — 

10,000  xlO~10 

=  3  x  1014  Hz. 

Wavelength  of  red  light  is  about  7800  A,  its  fre¬ 
quency  is  about  3.8  x  1014  Hz.  Frequency  of 


(d)  Its  kinetic,  potential  and  tatal  energies 
decrease. 

<  IIT,  2000 

14.  Figure  28.16  shows  graphs  between  cut-off  voltage 

V0  and  —  for  three  metals  1 , 2  and  3,  where  X  is  the 

X 

wavelength  of  the  incident  radiation  in  nm. 

If  IT | ,  W2  and  W3  are  the  work  functions  of  metals 

1 ,  2  and  3  respectively,  then 

(a)  Wx  :  W2  :  W3  =  1  :  2  :  4 

(b)  W1  :  W2:  W3  =  4:2:1 

(c)  The  graphs  for  metals  1,  2  and  3  are  parallel 
to  each  other  and  the  slope  of  each  graph  is 
hde,  where  h  =  Planck’s  contant,  c  =  speed 
of  light  and  e  =  charge  of  an  electron. 

(d)  Ultraviolet  light  will  eject  photoelectrons  from 
metals  1  and  2  and  not  from  metal  3. 


Fig.  28.16 

<  IIT,  2006 

15.  In  a  hydrogen-like  atom  of  atomic  number  Z  =  1 1 , 
an  electron  makes  a  transition  from  the  nth  orbit 
and  emits  a  radiation  in  the  Lyman  series.  What  is 
the  value  of  n  if  the  de  Broglie  wavelength  of  the 
electron  in  the  nth  orbit  is  equal  to  the  wavelength 
of  the  emitted  radiation? 

<  IIT,  2006 

(a)  n  <  10  (b)  n  between  1 1  and  24 

(c)  n  =  25  (d)  n  >  30 


sodium  light  is  about  5  x  10 14  Hz  and  the  frequency 
of  ultraviolet  light  is  about  15  x  1014  Hz.  Hence  the 
correct  choices  are  (c)  and  (d). 

2.  The  value  of  n  is  proportional  to  the  intensity  of 
incident  light.  If  the  distance  of  the  lamp  is  halved, 
intensity  becomes  four  times.  But  Kmax  is  inde¬ 
pendent  of  the  intensity  of  light.  Hence  the  correct 
choices  are  (b)  and  (d). 

3.  The  correct  choices  are  (a)  and  (b) 
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4.  The  frequency  of  X-rays  is  higher  than  that  of 
ultraviolet  light.  Now  Kmax  =  h  (v  -  v0).  Hence 
Kmax  increases  as  V  is  increased.  Also  Kmax  =  eV0, 
where  V0  is  the  stopping  potential.  Hence  V0  also 
increases  with  frequency.  Hence  the  correct  choices 
are  (a)  and  (b). 

5.  Work  function  W0  =  hv0  and  Kmax  =  hi  v  -  v0).  So 
the  correct  choices  are  (a)  and  (d). 

6.  The  work  function  of  sodium  is  smaller  than  that  of 
copper.  Since  W0  =  hv0,  the  threshold  frequency  for 
sodium  is  less  than  that  for  copper.  So  choice  (c)  is 
correct  and  choice  (d)  is  incorrect. 

Since  the  work  function  of  sodium  is  lower  than 
that  of  copper,  it  is  easier  to  extract  electrons  from 
sodium  than  from  copper.  Therefore,  the  electrons 
ejected  from  sodium  will  have  a  greater  kinetic 
energy  and  will  hence  need  a  greater  stopping  po¬ 
tential.  So  choice  (a)  is  incorrect  and  choice  (b)  is 
correct. 


7. 


The  cut  off  potential  remains  the  same  as  long  as  the 
frequency  of  the  incident  light  remains  unchanged. 

The  saturation  current  is  proportion  to  the  inten¬ 
sity  of  light.  Since  the  distance  has  become  3  times 


its  previous  value,  the  intensity  is  only 


1 


of  its  previous  value.  Hence  the  new  value  of  the 
18  0 

saturation  current  is  — —  inA  =  2.0  inA.  Hence  the 
9 


correct  choices  are  (b)  and  (d). 

he 

8.  The  energy  of  each  photon  is  —  so  that  the  num- 

A  f  he 

her  of  photons  released  per  unit  time  is  W  + 1  — 


These  photons  are  spread  out  in  all  directions  over 
an  area  4  n  a2  so  that  the  ‘share’  of  an  area  S  is  a 
fraction  S/4  n  cr  of  the  total  number  of  photons 
emitted. 

The  maximum  energy  of  the  emitted  photoelectrons 
is 

4ax  =  h  V  -  0  =  ^  -  </>  =  \  (h  C  -  A  </>). 


The  stopping  potential  is  given  by  eVs  =  Emax. 

Hence  Vs  =  -  Emax  =  (he  -  h<j>). 
e  eh 

Hence  choice  (c)  is  incorrect. 

For  photoemission  to  be  possible,  we  must  have 
h  c 

h  v  >  0.  Hence  —  >  <p  or  h  <  h  c/<j> 
h 

Thus  the  permitted  range  of  values  of  h  is 
0  <  h<  he/ (j).  Hence  the  correct  choices  are  (a),  (b) 
and  (d). 


9.  The  correct  statements  are  (a),  (b)  and  (c). 


h  h  h 

10.  hv  =  hv0  +  eV0  or  V0  =  -  v - v0  =  -  (v  -  v0). 

e  e  e 


If  follow  from  graphs  in 


Thus  V0  =  0  if  V  =  v0. 

Fig.  28.14  that  the  intercept  v0  on  v-axis  is  less 
for  metal  A  than  for  metal  B.  Hence  choice  (d)  is 
correct.  Also  since  W0  =  h  v0,  the  work  function  of 
metal  A  is  less  than  that  of  metal  B.  Hence  choice 
(b)  is  also  correct. 

11.  The  minimum  wavelength  is  given  by 

_  he 

Ain 

eV 

As  V  increases,  hc  decreases.  Since  the  wavelength 
of  Ka  line  is  due  to  transition  n  =  2  to  n  =  1  in  the 
element  of  the  target  in  the  tube,  wavelength  hK 
remains  unchanged  as  V  is  increased.  Hence  the 
difference  ( hK  -  hc )  increases  with  increase  in  the 
accelerating  voltage.  Thus  the  correct  choices  are 
(a)  and  (c). 

12.  For  a  hydrogen-like  atom,  the  energy  in  the  nth 
excited  state  is 

r/2  \ 


Since  Z  for  Li2+  is  greater  than  Z  for  H+ 

\EU\  >  Pul 


2 

n  j 


Also  /  =  yjn(n  + 1)  j . 

correct  choices  are  (a)  and  (c). 

1 

13.  Potential  energy  (PE)  =  - 


Hence  lLi  =  /H.  Thus,  the 


47T£n 


Ze 


1  1  I  7'P. 

Kinetic  energy  (KE)  =  —  x  -  - 

2  4  7T£0  V  r 

Total  energy  E  =  PE  +  KE 


14. 


1  1  Ze 

= - x  -  — 

2  47T£0  V  r 

When  an  electron  makes  a  transition  from  an 
excited  state  to  the  ground  state,  the  value  of  r 
decreases.  From  the  above  expressions  it  follows 
that  the  kinetic  energy  increases,  while  the  poten¬ 
tial  energy  and  the  total  energy  both  decrease  as 
they  become  more  negative.  Hence  the  only  correct 
choice  is  (a). 

he 

Work  function  W  =  hv0  =  — ,  where  h0  is  the 


threshold  wavelength.  Hence 
W]:W2:  W,  =  hc 


hc 


hc 


(A-o)l  (Aq)2  (Aq)3 
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1 


1 


1 


Oo)l  (^0)2  (^0)3 

=  0.001  :  0.002  :  0.004 
=1:2:4 

Hence  choice  (a)  is  correct.  In  photoelectric  emis¬ 
sion,  the  relation  between  V0  and  A  is  given  by 

he 

eV0  =  hv-  W=  —  -W 


or 


Vo 


e  vA/  e 


Hence  the  slope  of  the  graph  between  V0  and  — 

he  ^ 

is  —  which  is  the  same  for  all  metals.  Therefore, 

e 

choice  (c)  is  correct.  The  threshold  wavelength  for 
the  three  metals  are 

=  0.001  nnT1,  therefore  (A0)j  =  1000  nm 


(^0)1 


=  10,000  A 


where  rn  is  the  radius  of  the  nth  orbit.  The  de- 
Broglie  wavelength  of  the  electron  in  the  nth  orbit 
is 

h_  =  2  nr„ 
p  n 


Now  rn  =  ,  where  rl  =  0.53  x  10  10  m  is  the 

radius  of  the  first  orbit  of  the  hydrogen  atom. 
Therefore, 

2m\n 


A  = 


(1) 


The  wavelength  A'  of  the  transition  n  =  n  to  n  =  1 
in  Lyman  series  is  given  by 

-L.sz’li-A 


which  gives  A'  =  - - — - - 

RZ~{n2- 1) 


(2) 


where  R  =  1.097  X  107  m  Equating  (1)  and  (2), 
we  have 


-  =  0.002  nm  l,  therefore  (A0)2  =  500  nm 

(^0)2 

=  5,000  A 

— - —  =  0.004  nnT1,  therefore  (A0)  =  250  nm 
(;Lo)3  =2,500  A 

For  photoelectric  emission,  the  wavelength  of  the 
incident  radiation  must  be  less  than  the  threshold 
wavelength.  Since  the  wavelength  of  ultraviolet 
light  is  about  1200  A,  it  will  eject  photoelectrons 
from  all  the  three  metals.  Hence  the  correct  choices 
are  (a)  and  (d). 

15.  According  to  Bohr’s  hypothesis,  the  momentum  of 
the  electron  in  the  nth  orbit  is  given  by 
nh 

P=  T - 

2  nr„ 


2  nr{n  _  n 
Z  RHZ2(n2  -1) 

2  ,  n 

or  n  -  1  =  - 

2nrxRnZ 

n 

2  x  3.14  x  (0.53  x  10“10)  x  (1.097  x  107)  x  1 1 
=  25  n 

or  n2  -  25 n  -1=0 
The  two  roots  of  n  are 

n  =  -  (25  ±  V629)  =  ^  (25  ±  25) 
2  2 

i.e.  n  =  25  or  n  =  0.  Now  n  =  0  is  not  possible.  Hence 
the  value  of  n  =  25. 

The  only  correct  choice  is  (c). 


0 

Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

A  beam  of  light  has  three  wavelengths  440  nm,  495  nm 
and  660  nm  with  a  total  intensity  of  3.24  x  1 0  Wm  2 
equally  distributed  amongst  the  three  wavelengths.  The 
beam  falls  normally  on  an  area  of  1 .0  cm2  of  a  clean  me¬ 
tallic  surface  of  work  function  2.2  eV.  Assume  that  there 


is  no  loss  of  light  by  reflection  and  each  energetically 
capable  photon  ejects  one  electron  and  take  h  = 
6.6  x  10~34  Js. 

<  IIT,  1989 

1.  Photoelectric  emission  is  caused  by 

(a)  light  of  wavelength  440  nm  alone 

(b)  light  of  wavelength  660  nm  alone 
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(c)  lights  of  wavelengths  440  nm  and  495  nm 

(d)  lights  of  wavelengths  495  nm  and  660  nm 

2.  The  incident  energy  (in  Js_1)  of  each  wavelength 

is 

(a)  3.24  x  10~7  (b)  1.62  x  10~7 


(c)  1.08  x  10-7  (d)  0.81  x  10-7 

3.  The  total  number  of  photoelectrons  liberated  per 
second  is 

(a)  4.9  x  1011  (b)  5.1  x  10n 

(c)  5.3  x  1011  (d)  5.5  x  1011 


SOLUTION 

1.  The  threshold  wavelength  is 

,  Ac  =  (6.6  x  10~34)  x  (3  x  108) 

W0  2.2  x  1.6  x  10~19 
=  6  x  1 0~7  m  =  600  nm 

Out  of  the  three  given  wavelengths,  two  wave¬ 
lengths  Aj  =  440  nm  and  A2  =  495  nm  will  cause 
photoelectric  emission  as  these  wavelengths  are 
less  than  A0.  Thus  the  correct  choice  is  (c). 

2.  Intensity  of  each  wavelength  is  I  =  ^  x  3.24  x 
1 0  5  =  1.08  x  1 0  5  W  m  2.  Area  of  metal  surface  is 

2  —4  2 

A  =  1  cm"  =1x10  m  .  Therefore,  energy  of  each 
wavelength  is  E  =  I X  A  =  1 .08  x  1 0  7  J  s-1,  which 
is  choice  (c). 


3.  Let  nl  be  the  number  of  photons  of  wavelength  Aj 
incident  per  second.  The  energy  of  one  photon  =  he! 
A].  Hence 

E  = 

K 

EL  (1.08  x  10~7)  x  (440  x  10~9) 

or  n,  =  -  =  - r- - - — 

he  (6.6  x  10~34)  X  (3  x  108) 

=  2.4  x  1011 
Similarly  n2  =  2.7  x  1011 

.•.  Total  number  n  =  nl  +  n2  =  5.1  x  1011,  which  is 
choice  (b). 


Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

In  a  photoelectric  effect  set-up,  a  point  source  of  light 
of  power  3.2  x  1 0  3  W  emits  monoenergetic  photons  of 
energy  5.0  eV.  The  source  is  located  at  a  dsitance  of  0.8 
m  from  the  centre  of  a  stationary  metallic  sphere  of  work 
function  3.0  eV  and  of  radius  8.0  x  10~3  m.  The  efficiency 
of  photoelectric  emission  is  one  for  every  106  incident 
photons.  Assume  that  the  sphere  is  isolated  and  initially 
neutral,  and  that  photoelectrons  are  instantly  swept  away 
after  emission. 

<  IIT,  1995 

SOLUTION 

4.  Refer  to  Fig.  28.17. 


Sphere 


Fig.  28.17 

Power  of  the  source  of  light,  P  =  3.2  x  10~3  W. 
Energy  of  the  emitted  photon,  E  =  5.0  eV  = 
5.0  x  1.6  x  10~19  =  8.0  x  10~19  J. 


4.  The  number  of  photoelectrons  emitted  per  second 
is 

(a)  105  (b)  107 

(c)  109  (d)  10n 

5.  The  kinetic  energy  of  the  fastest  electron  is 

(a)  8  eV  (b)  5  eV 

(c)  3  eV  (d)  2  eV 

6.  The  photoelectric  emission  stops  when  the  sphere 
acquires  a  potential  of 

(a)  2  V  (b)  3  V 

(c)  5  V  (d)  8  V 


If  r  is  the  radius  of  the  metallic  sphere  and  R  its 
distance  from  the  source  S,  the  power  received  at 
the  sphere  is 

„  2  D  2 
P'=PX  — —  =  — 

AkR2  4  R2 

=  3.2 x  10~3  x (8.0 x  10~3)2 
4  x (0.8)2 
=  8  x  10-8  W  (Js_1) 

Number  of  photons  striking  the  sphere  per 
second  is 


,  =  8  x  10~8  Js~‘ 

E  8.0  x  10_19J 


n 


=  1011  s-1 
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Since  one  photoelectron  is  emitted  for  every  106 
incident  photons,  the  number  of  photoelectrons 
emitted  per  second  is 

n'  1011  5 

n  =  — -  =  — —  =  10'  per  second 

106  106 

The  correct  choice  is  (a). 

5.  Kinetic  energy  of  the  fastest  electron  is 

£max  =  5.0-3.0  =  2.0eV, 
which  is  choice  (d). 

6.  Due  to  the  emission  of  photoelectrons,  the  metal¬ 
lic  sphere  acquires  a  positive  charge  and  it  will 
oppose  the  ejection  of  photoelectrons  due  to 


attractive  force  exerted  by  the  positive  charge  of  the 
sphere  on  the  electrons.  The  photoelectric  emission 
will  stop  when  the  sphere  acquires  a  positive  poten¬ 
tial  equal  to  the  stopping  potential.  In  other  words, 
the  work  function  of  the  sphere  keeps  on  increasing 
with  time  till  it  becomes  equal  to  5.0  eV  (which  is 
the  energy  of  the  incident  photon).  At  this  time,  the 
emission  of  photoelectrons  stops. 

Increase  in  work  function  =  5.0  eV  -  3.0  eV  =  2.0 
eV.  This  implies  that  the  photoelectric  emission 
will  stop  when  the  sphere  has  acquired  a  potential 
of  2.0  V  due  to  accumulation  of  charge.  Hence  the 
correct  choice  is  (a). 


Questions  7  to  10  are  based  on  the  following  passage 
Passage  III 

A  single  electron  orbits  around  a  stationary  nucleus  of 
charge  +  Ze,  where  Z  is  a  constant  and  e  is  the  magni¬ 
tude  of  electronic  charge.  It  requires  47.2  eV  to  excite  the 
electron  from  the  second  Bohr  orbit  to  third  Bohr  orbit. 
The  ionization  energy  of  hydrogen  atom  =13.6  eV. 

<  IIT,  1981 

7.  The  value  of  Z  is 

(a)  3  (b)  4 

(c)  5  (d)  6 

8.  The  ionization  energy  of  the  atom  is 

SOLUTION 

7.  The  energy  of  the  electron  in  the  nth  Bohr  orbit  is 
„  Z2  Rhc 

En= - ~ 

n 

Given,  ionization  energy  of  hydrogen  atom  =  Rhc 
=  13.6  eV.  Therefore, 

^  _  (13.6eV)Z2 

2 

n 

The  energy  required  to  excite  the  electron  from 
n  =  2  to  n  =  3,  Bohr  orbit  is 

-(13.<ieV)Z!(T-A) 

=  (13.6eV)x5Z2 
36 


(a)  340  eV 

(b)  217.6  eV 

(c)  122.4  eV 

(d)  13.6  eV 

The  potential  energy  of  the  electron  in  the  first  Bohr 
orbit  is 

(a)  -  680  eV 

(b)  -  340  eV 

(c)  -  170  eV 

(d)  -  85  eV 

The  angular  momentum  of  the  electron  in  the  first 

Bohr  orbit  is  ( h 

=  Planck’s  constant) 

h 

h 

(a)  — 

(b)  - 

2k 

n 

3/7 

,  5  h 

(c)  T" 

2k 

(d)  — 

2k 

Given  E3  -  E2  =  47.2  eV.  Hence 

(13.6eV) x 5Z2  =  4y  2  gV 
36 

which  gives  Z  =  5.  So  the  correct  choice  is  (c). 

8.  Ionization  energy  of  the  atom  is 

£._£l._(13,6eV)(I-I)z> 

=  (13.6  eV)x(5)2  =  340  eV 
The  correct  choice  is  (a). 

9.  Kinetic  energy  of  the  electron  in  the  first  Bohr 
orbit  is  Ex  =  -  340  eV.  The  potential  energy  in  this 
orbit  =  2 Ex  =  -  680  eV,  which  is  choice  (a). 

nh  h 

10.  Angular  momentum  =  —  =  —  (v  n  =  1).  So 

2  k  2  n 

the  correct  choice  is  (a). 


Questions  11  to  14  are  based  on  the  following  passage 
Passage  IV 

Light  from  a  discharge  tube  containing  hydrogen  atoms 
falls  on  the  surface  of  a  piece  of  sodium.  The  kinetic 


energy  of  the  fastest  photoelectrons  emitted  from  sodium 
is  0.73  eV.  The  work  function  for  sodium  is  1.82  eV.  Ion¬ 
ization  potential  of  hydrogen  is  13.6  V  and  the  mass  of 
hydrogen  atom  =  1.67  x  10~27  kg. 

<  IIT,  1992 
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11.  The  energy  of  the  photons  causing  the  photoelectric 
emission  is 

(a)  1.168  x  1(T19  J  (b)  2.912  x  1(T19  J 

(c)  1.744  x  1(T19  J  (d)  4.08  x  10~19  J 

12.  The  quantum  numbers  of  the  two  levels  in  the  emis¬ 
sion  of  the  photons  are 

(a)  n  =  1,  n  =  4  (b)  n  =  1,  n  =  3 

(c)  n  =  2,  n  =  4  (d)  n  =  3,  n  =  4 

13.  In  the  transition  in  Q.  12,  the  change  in  the  angular 
momentum  of  the  electron  is  ( h  =  Planck’s  con¬ 
stant) 


(a) 

(b)  - 
n 

,  ,  2/7 

(c)  — 

n 

The  recoil  speed  of  the  emitting  atom  (assuming 
that  it  is  at  rest  before  the  transition)  is  of  the  order 

of 

(b)  1  ms-1 

(a)  1  cm  s-1 

(c)  102  ms^1 

(d)  104  ms-1 

SOLUTION 


11.  Given,  Emax  =  0.73  eV,  W  =  1.82  eV,  ionization 
potential  of  hydrogen  atom  =  13.6  V  and  mass  of 
hydrogen  atom,  m  =  1.67  x  10~27  kg. 

(a)  From  Einstein’s  photoelectric  equation, 
hv=W+  Emax  =  1.82  +  0.73 

=  2.55  eV  or  4.08  x  10  19  J 
The  correct  choice  is  (d). 

12.  We  are  given  that  the  ionization  potential  of  hy¬ 
drogen  atom  =  13.6  V.  Therefore,  the  ionization 
energy  =13.6  eV.  The  energy  levels  of  hydrogen 
atom  are  given  by 

13.6 


E  = 


RHhc 


eV 


n  n 

Hence  the  values  of  energy  the  electron  in  n=  1,2, 
3  and  4  energy  levels  are 

£)  =  l3^6  =-13.6  eV 


E2  = 


e4  = 


13.6 


13.6 


13.6 


=  -3.4  eV 


=  -  1.51  eV  and 


=  -0.85  eV 


The  quantum  numbers  for  which  the  energy  differ¬ 
ence  is  2.55  eV  are  n  =  2  and  n  =  4  since 


E4-E2  =  -  (0.85)  -  (-  3.4)  =  2.55  eV 
So  the  correct  choice  is  (c). 

13.  According  to  Bohr’s  theory,  the  angular  momentum 
of  the  electron  in  the  nth  energy  state  is 

nh  Ah  2 h 

Ln  =  —  •  F«r  n  =  4,  Z4  =  —  =  — 

2  TC  2.  TC  TC 


For 


n  =  2,L2  =  —  =  — 


A  T  j  L4  —  L2 


2h_  =  h 
2  n  n 

Change  in  angular  momentum  is 
2/7  h  _  h 
n  n  n 

Thus  the  correct  choice  is  (b). 

14.  The  recoil  speed  v  of  the  emitting  atom  of  mass  m 
can  be  found  by  using  the  principle  of  conservation 
of  linear  momentum.  The  momentum  p  of  a  photon 
of  wavelength  X  is 

h  _  h  _  hv 
P  X  c/v  c 

where  V  is  the  frequency  of  the  emitted  radiation. 
Hence 

hv  hv 


mv  =  p  =  —  or  v  = 

c  me 


We  have  seen  above  that  hv=  4.08  x  10  19  J.  There¬ 
fore, 


v  = 


4.08x10 


-19 


1.67 x  10-27  x  3xl08 


=  0.81  nW1 


The  correct  choice  is  (b). 


Questions  15  to  17  are  based  on  the  following  passage 
Passage  V 

Assume  that  the  de  Broglie  wave  associated  with  an  electron 
can  form  a  standing  wave  between  the  atoms  arranged  in 
a  one  dimensional  array  with  nodes  at  each  of  the  atomic 
sites.  It  is  found  that  one  such  standing  wave  is  formed 
if  the  distance  d  between  the  atoms  of  the  array  is  2  A. 


A  similar  standing  wave  is  again  formed  if  d  is  increased  to 
2.5  A  but  not  for  any  intermediate  value  of  d. 

<  IIT,  1997 

15.  The  wavelength  of  the  de  Broglie  wave  associated 
with  the  electron  is 
(a)  0.5  A  (b)  1.0  A 

(c)  2  A  (d)  2.5  A 
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16.  The  minimum  value  of  d  for  the  formation  of  the 
standing  wave  is 

(a)  2.25  A  (b)  1.5  A 

(c)  0.75  A  (d)  0.5  A 

SOLUTION 


17.  The  energy  of  the  electron  (in  eV)  is 
(a)  151  (b)  15.1 

(c)  1.51  (d)  0.51 


15.  From  the  condition  of  standing  wave  formation,  we 
have 

A  o 
n  —  —  2A 
2 

and  (n  +  1)  —  =  2.5  A 
2 


Hence  A" 


E  = 


h2 

2  mE 
h 2 

2  wA2 


16. 


17. 


where  n  is  an  integer.  These  equations  on  subtrac- 

A 

tion  give  —  =  2.5  -  2  =  0.5  A  =>  A  =  1 .0  A 
The  minimun  value  of  d  =  distance  between  con- 

A  i 

secutive  nodes  =  —  =  0.5  A 
2 

A  =  —  =  —  and  E  =  —  mv2  and  </>  =  \flmE  . 
p  m  v  2 


(6.63  xl0“34)2 
2x(9.1xlO“31)x(lO“10)2 
=  2.42  x  10-17  J 


2.42  xl0“17 
1.6  x  10-19 


151  eV 


Questions  18  to  20  are  based  on  the  following  passage 
Passage  VI 

A  hydrogen-like  atom  of  atomic  number  Z  is  in  an  excited 
state  of  quantum  number  2 n.  It  can  emit  a  maximum 
energy  photon  of  energy  204  eV.  If  it  makes  a  transition 
to  quantum  state  n,  a  photon  of  energy  40.8  eV  is  emitted. 
The  ground  state  energy  of  hydrogen  atom  =  -  13.6  eV. 

<  IIT,  2000 

SOLUTION 

18, 19. The  atom  will  emit  maximum  energy  for  a  transi¬ 
tion  nl  =  2 n  to  n2=  1,  we  have 

Ein  ~E\=  204  eV  (1) 

where  El  is  the  ground  state  energy  of  the  atom, 
Also 

Eln  -  En  =  408  eV  (2) 

Now  E,n=  -(13.6  eV)  x 

(2  nf 


18.  The  atomic  number  Z  of  the  atom  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

19.  The  quantum  number  n  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

20.  The  ground  state  energy  (in  eV)  of  the  atom  is 

(a)  -  217.6  "  (b)  -  108.8 

(c)  -  54.4  (d)  -  13.6 


Zz 

E„  =  -  (13.6  eV)  x  — 

n 

Z2 

and  Ey  =  -  (13.6  eV) re¬ 
using  these  in  Equations  (1)  and  (2)  and  solving, 
we  get  Z  =  4  and  n  =  2 
20.  Ey  =-  (13.6  eV)x(4)2  =  -  217.6  eV 


Questions  21  to  23  are  based  on  the  following  passage 
Passage  VII 

When  a  beam  of  10.6  eV  photons  of  intensity  2.0  W/m2 
falls  on  a  platinum  surface  of  area  1.0  x  10  4  m2  and 
work  function  5.6  eV,  0.53%  of  the  incident  photons  eject 
photoelectrons. 

<  IIT,  2001 

21.  The  maximum  kinetic  energy  of  the  photoelectrons  is 


(a)  10.6  eV  (b)  8.1  eV 

(c)  5.0  eV  (d)  0.53  eV 

22.  The  minimum  kinetic  energy  of  the  photoelectrons  is 

(a)  zero  (b)  0.53  eV 

(c)  1.0  eV  (d)  5.0  eV 

23.  The  number  of  photoelectrons  emitted  per  second  is 

(a)  6.25  x  1019  (b)  6.25  x  1016 

(c)  6.25  x  1011  (d)  6.25  x  106 
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SOLUTION 

21.  From  Einstain’s  photolectric  equation, 

Amax  hV-W 


Intensity  x  area  0.53 

N=  - - -  x  - 

energy  of  photon  1 00 


22. 


23. 


=  10.6  eV  -  5.6  eV  =  5.0  eV 

The  emitted  photoelectrons  have  kinetic  energies 
ranging  from  zero  to  a  maximum  value. 

Number  of  photoelectrons  emitted  per  second  is 


2.0  x  (l.O  x  1 0  4 ) 
10.6  x  (l.6  x  10~19) 
=  6.25  x  1011 


0.53 

Too 


Questions  24  to  26  are  based  on  the  following  passage 
Passage  VIII 

A  hydrogen-like  atom  (described  by  the  Bohr  model) 
is  observed  to  emit  six  wavelengths,  originating  from 
all  possible  transitions  between  a  group  of  levels.  These 
levels  have  energies  between  -  0.85  eV  and  -  0.544  eV 
{including  both  these  values).  Given  he  =  1240  eV-nm  and 
ground  state  energy  of  hydrogen  atom  =  -  13.6  eV. 

<  IIT,  2002 


SOLUTION 


24.  The  quantum  number  of  the  lowest  energy  level  is 

(a)  1  (b)  6 

(c)  12  (d)  15 

25.  The  atomic  number  of  the  atom  is 

(a)  1  (b)  2 

(c)  3  (d)  4 

26.  The  smallest  wavelength  emitted  in  the  possible 
transitions  is  very  nearly  equal  to 

(a)  4  nm  (b)  40  nm 

(c)  400  nm  (d)  4000  nm 


24,25.  A  total  of  four  energy  levels  will  involve  six 
elecronic  transitions  as  shown  in  Fig.  28.18 
It  is  given  that 

En  =  -  0.85  eV 
En+ 3  =  -  0.544  eV 

Also,  form  Bohr's  theory  we  know  that 
n  +  3 


n  +  2 


n  +  1 


Fig.  28.18 


En=  —  (-  13.6  eV) 
n 


En+ 3 


("  +  3) 


(-  13.6  eV) 


Hence, 


E„  =  (»  +  3)2 


J«+ 3 


The  given  value  is 

E,  0.85 


E„+ 3  0.544 


Hence, 


n  +  3 


or 


n 
n  +  3 
n 


0.85 


0.544, 
=1.25  or  n  =  12 


=  1.5625 


The  atomic  number  of  the  atom  may  be  computed 
as  follows. 

Z2 

—  (-  13.6  eV)  =  -  0.85  eV 

■'-fep'-SK'-' 

which  gives  Z  =  3 

26.  The  smallest  wavelength  corresponds  to  maximum 
energy  difference. 

(A£)max  =  £max  -En=-  0.544  -  (-  0.85) 

=  0.306  eV 


/^min 


he  1240  eV  nm 


(A E) 

V  /max 

=  4052  nm 


0.306  eV 


Questions  27  to  29  are  based  on  the  following  passage 
Passage  IX 

In  a  mixture  of  H-He+  gas  (He+  is  singly  inoized  He 
atom).  H  atoms  and  He+  ions  excited  to  their  respective 


first  excited  states.  Subsequently,  H  atoms  transfer  their 
total  excitation  energy  to  He+  ions  (by  collisions). 
Assume  that  the  Bohr  model  of  atom  is  exactly  valid. 

<  IIT,  2007 


28.38  Comprehensive  Physics — JEE  Advanced 


27.  The  quantum  number  n  of  the  state  finally  popu¬ 
lated  in  He+  ions  is 

(a)  2  (b)  3 

(c)  4  (d)  5 

28.  The  wavelength  of  light  emitted  in  the  visible  region 
by  He+  Ions  after  collisions  with  H  atoms  is 


(a)  6.5  x  10  m 


(b)  5.6  x  10“Tn 


(c)  4.8  x  10  Tn  (d)  6.5  x  10“Tn 

29.  The  ratio  of  the  kinetic  energy  of  the  n  =  2  electron 
for  the  H  atom  to  that  of  He  ion  is 


«  \ 


(b)  - 
2 


SOLUTION 


27.  En  =  —  (13.6  eV)  x  — 
n 

For  hydrogen  Z  =  1  and  for  helium  Z  =  2. 
Hydrogen  Helium 


-3.4  eV 


-6.04  eV 


-13.6  eV 


-54.4  eV 


We  notice  that  the  hydrogen  atom  in  n  =  2  state  has 
the  same  energy  as  the  helium  atom  in  the  n  =  4 
state.  If  all  the  excitation  energy  of  hydrogen  in  n  = 
2  state  is  transferred  to  helium,  the  energy  transfer 
is  10.2  eV.  Due  to  this  the  helium  atom  gets  excited 
to  n  =  4  state. 

(  |  ]  A 

28.  AE  =  -  (13.6  eV)  Z2  —  -  — 

Ul  «2  J 


AE 


(1 3.6  eV)Z 


Given  h  =  4.1  x  10  15  eVs  and  c  =  3  x  108  ms  *.  For 
He,  Z  =  2,  using  these  values,  we  get 

(4.1  x  10~15eV.s) x (3 x  108ms~1)  (  I  1  V1 
(13.6  eV)  x  (2)2 


=  (-  0.226  x  1 0~7m)  x  4 — \ 


The  wavelength  in  the  visible  region  corresponds 
to  transitions  nl  =  4  to  n2=  3.  Thus 


A  =  (-  0.226  x  1 0~7m)  x  —  -  - 


=  4.65  x  10  m 


16  9 


The  closest  choice  is  (c). 

29.  For  a  given  state  n,  kinetic  energy  is  proportional 
to  Z2.  Hence  the  correct  choice  is  (a). 


Questions  30  to  32  are  based  on  the  following  passage 
Passage  X 

When  a  particle  is  restricted  to  move  along  x-axis  between 
x  =  0  and  x  =  a,  where  a  is  of  nanometre  dimension,  its 
energy  can  take  only  certain  specific  values.  The  allowed 
energies  of  the  particle  moving  in  such  a  restricted  region, 
correspond  to  the  formation  of  standing  waves  with  nodes 
at  its  ends  x  =  0  and  x  =  a.  The  wavelength  of  this  standing 
wave  is  related  to  the  linear  momentum  p  of  the  particle 
according  to  the  de  Broglie  relation.  The  energy  of  the 

particle  of  mass  m  is  related  to  its  linear  momentum  as  E  = 

2 

- .  Thus,  the  energy  of  the  particle  can  be  denoted  by  a 

2  m 

quantum  number  ‘n’  taking  values  1 . 2,  3, ...  (n  =  1,  called 
the  ground  state)  corresponding  to  the  number  of  loops  in 
the  standing  wave. 

SOLUTION 


Use  the  model  described  above  to  answer  the  following 
three  questions  for  a  particle  moving  in  the  line  x  =  0  to  x 
=  a.  Take  h  =  6.6  x  1(T34  J  s  and  e  =  1.6  x  1(T19  C. 

<  IIT,  2009 

30.  The  allowed  energy  for  the  particle  for  a  particular 
value  of  n  is  proportional  to 

(a)  cf 2  (b)  ayi 

(c)  tT1  (d)  cC 

31.  If  the  mass  of  the  particle  is  m  =  1.0  X  10~3°  kg  and 
a  =  6.6  nm,  the  energy  of  the  particle  in  its  ground 
state  is  closest  to 

(a)  0.8  meV  (b)  8  meV 

(c)  80  meV  (d)  800  meV 

32.  The  speed  of  the  particle,  that  can  take  discrete 
values,  is  proportional  to 

(a)  nyi  (b)  n  ' 

(c)  nm  (d)  n 


30.  A—  —  =>P 
P 
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For  a  standing  wave,  the  distance  between  consecu¬ 
tive  node  =  A/2.  If  there  are  n  nodes  between  x  =  0 
and  x  =  a,  then 


nX  .  2  a 

a  —  -  =>  X  —  — 

2  n 

Using  (2)  in  ( 1),  we  get 

7  2  2 

E=  h  n 
8  m  a2 


(2) 

(3) 


(6.6xl0“34)2 

8  x  (l  .0  x  1 O-30 )  x  (6.6  x  1 0-9  )2 
=  1.25  x  1(T21  J 


=  1.25  xl(T21 

1.6  x  1(T19 
=  7.8  rneV 


=  7.8  x  1(T3  eV 


i.e. 


a  ",  which  is  choice  (a). 


31.  From  Eq.  (3),  setting  n  =  1,  we  have 


= 


r 


8  m  a~ 


The  closest  choice  is  (b). 


1  9 

32.  E  =  —  mv" 

2 


zr  = 


2  E  2h2n 2 


m 


8  m 2  a 2 


Thus  v  oc  n.  So  the  correct  choice  is  (d). 


Questions  33  to  35  are  based  on  the  following  passage 
Passage  XI 

The  key  feature  of  Bohr’s  theory  of  spectrum  of  hydrogen 
atom  is  the  quantization  of  angular  momentum  when  an 
electron  is  revolving  around  a  proton.  We  will  extend  this 
to  a  general  rotational  motion  to  find  quantized  rotational 
energy  of  a  diatomic  molecule  assuming  it  to  be  rigid.  The 
rule  to  be  applied  is  Bohr’s  quantization  condition. 


<  IIT,  2010 

33.  A  diatomic  molecule  has  moment  of  inertia  I.  By 
Bohr’s  quantization  condition  its  rotational  energy 
in  the  nth  level  (n  =  0  is  not  allowed)  is 


(a)  4 


h 


2  h 


\n2 1 


(b)  - 

n 


h1 


■  nL  I 


(c)  n 


-2  V 


\n2l 


(d)  rr 


(  h2  ^ 

\K2  1  j 


SOLUTION 


33.  Bohr’s  quantization  condition  is 

nh  T  nh 

L  =  —  Ico  =  — 

2  7i  2k 


Rotational  K.E.  =  —  Iof  =  —  I  x  ^ 


2k  I 


2  h2 

— t — ,  which  is  choice  (d). 
8  k~  I 


34.  We  have  shown  in  Q.33  that 
Rotational  K.E.  = 


2  i  2 

n  h 


>7 r  / 


(l) 


For  ground  state,  n  =  1  and  for  the  first  excited  state, 
n  =  2.  Putting  n  =  2  and  n  =  1  in  Eq.  (1),  we  have 


(AK.E.)rot  = 


r 


lK2  I 


(22  -  l2)  = 


W_ 
S  k2I 


34.  It  is  found  that  the  excitation  frequency  from  ground 
to  the  first  excited  state  of  rotation  for  the  CO  mol¬ 
ecule  is  close  to  —  X  1011  Hz.  Then  the  moment  of 

K 

inertia  of  CO  molecule  about  its  centre  of  mass  is 
close  to  (Take  h  =  2k  x  1(T34  Js) 

(a)  2.76  x  HU*6  kg  m2 

(b)  1.87  x  10^6  kg  m2 

(c)  4.67  x  1(T47  kg  m2 

(d)  1.17  x  1(T47  kg  m2 

35.  In  a  CO  molecule,  the  distance  between  C  (mass  = 
12  a.m.u)  and  O  (mass  =  16  a.m.u.),  where  1  a.m.u. 

=  -  x  10-27  kg,  is  close  to 
3 

(a)  2.4  x  1(T10  m  (b)  1.9  x  1(T10  m 

(c)  1.3  x  1(T10  m  (d)  4.4  x  KT11  m 


This  is  the  excitation  energy  which  is  equal  to  hv. 
Hence 


3  h2 
8  k2I 


=  hv  =$  I  = 


3/7 

Ik2  v 


Substituting  the  given  values  of  h  and  v,  we  get 
/=  1.87  x  1(T46  kgm2.  So  the  correct  choice  is  (b). 


35. 


Centre  of  mass 


m-\ 


L 


m2 


77?t  r  777,  r 

7q  =  -  and  7*2  =  - 

777 j  +  ?77->  777]  +  777, 

/=  777  ]7*  2  +  ?7727*22 
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f  \2 

1  r  ' 


\mx+m2) 

2 


+  m-) 


\2 


\mx+m2) 


mx  m2  r 
Oi  +m2 ) 


/  (mi  +  m2) 


*1  '"2 


1/2 


-i  1/2 


1.87  x  10~46  x  (12  +  16) 

12  x  16  x  -  x  10-27 
3 

=  1.3  x  1(T1U  m,  which  is  choice  (c). 


# 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followd  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 

(a)  Statement- 1  is  True,  Statement-2  is  True;  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1. 

(b)  Statement-1  is  True,  Statement-2  is  True;  Statement-2 
is  NOT  a  correct  explanation  for  Statement- 1. 

(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement-1 

A  particle  of  mass  M  at  rest  decays  into  two  par¬ 
ticles  of  masses  mx  and  m2  which  move  with 
velocities  vx  and  v2  respectively.  Their  respective 
de  Broglie  wavelengths  are  A,  and  A2.  If  mx  >  m2, 
then  Xx  >  An. 

Statement-2 

The  de  Broglie  wavelength  of  a  particle  having 
momentum  p  is  A  =  hip. 

2.  Statement-1 

The  de-Broglie  wavelength  of  an  electron  of  mass  m 
moving  in  the  nth  Bohr  orbit  of  radius  r  is  Inr/n. 

Statement-2 

According  to  Bohr’s  theory,  the  magnitude  of  the 
angular  momentum  of  an  electron  moving  with 
velocity  v  in  the  ?7th  orbit  is  L  =  nhlln. 

3.  Statement-1 

Figure  28.19  shows  the  graphs  of  Kmax  (maximum 
kinetic  energy)  of  the  emitted  photoelectrons  ver¬ 
sus  the  frequency  v  of  the  incident  light  for  two 
different  metals  A  and  B.  The  lines  for  metals  /)  and 
B  are  always  parallel  to  each  other. 

Statement-2 

In  photoelectric  emission  Kmax  =  hv-  W0,  where  W0 
is  the  work  function  of  the  metal. 


Fig.  28.19 

4.  Statement-1 

From  the  graph  in  Q.3  above  it  follows  that  the  work 
function  of  metal  B  is  greater  than  that  of  metal  A. 

Statement-2 

The  work  function  does  not  depend  upon  the  slope 
of  the  graph. 

5.  Statement-1 

When  an  electron  in  a  hydrogen  atom  makes  a 
transition  from  an  excited  state  to  the  ground  state, 
its  kinetic  energy  increases,  its  potential  energy 
decreases  and  its  total  energy  remains  constant. 

Statement-2 

In  a  given  orbit,  the  total  energy  of  the  electron 
consists  of  its  kinetic  energy  and  the  electrostatic 
potential  energy  of  the  electron  and  the  proton  in 
the  hydrogen  atom. 

6.  Statement-1 

When  monochromatic  light  falls  on  a  photosensitive 
material,  the  number  of  photoelectrons  emitted  per 
second  is  n  and  their  maximum  kinetic  energy  is 
Kmax.  If  the  intensity  /  of  the  incident  light  is  dou¬ 
bled,  n  is  doubled  but  Kmax  remains  the  same. 
Statement-2 

The  value  of  n  is  directly  proportional  to  /  but  Kmax 
is  independent  of  I. 
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7.  Statement-1 

When  ultraviolet  light  is  incident  on  a  photocell, 
its  stopping  potential  is  V0  and  the  maximum 
kinetic  energy  of  the  photoelectrons  is  Kmax.  When 
the  ultraviolet  light  is  replaced  by  X-rays,  Kmax 
increases  but  V0  decreases. 

Statement-2 

Photoelectrons  are  emitted  with  speeds  ranging 
from  zero  to  a  maximum  value.  Below  a  certain 

SOLUTIONS 


negative  voltage  V0,  no  photoelectrons  are  emitted 
in  a  photocell. 

8.  Statement-1 

If  the  voltage  of  an  X-ray  tube  is  increased,  the 
minimum  wavelength  of  the  emitted  radiation 
decreases. 

Statement-2 

The  maximum  frequency  of  the  radiation  in  an 
X-ray  tube  is  directly  proportional  to  the  voltage. 


1.  The  correct  choice  is  (d).  The  law  of  conservation 

of  linear  momentum  gives 

„  m1v1 

mxv j  +  m2v2  =  0  or  - - 

mlvl 

Since  de  Broglie  wavelength  A  =  hx/mv,  we  will 
have 


=  1.0 


=  m2v2 
A? 


=  1.0 


m i  v- 


2.  The  correct  choice  is  (a).  For  nth  Bohr  orbit,  mvr  = 

—  .  The  de-Broglie  wavelength  is 
2  n  , 

A- A 

mv 


But  mv  = 


nh 
2  nr 


.  Therefore, 


A  =  /)X 


Aitr  2  nr 

nh  n 


6. 

7. 


3.  The  correct  choice  is  (a).  The  slope  of  each  graph 
=  h,  the  Planck’s  constant. 

4.  The  correct  choice  is  (c).  The  intercept  of  the  line 
on  the  v-axis  gives  the  threshold  frequency  v0 
and  work  function  W0  =  hv0.  Thus  work  function 
=  slope  x  intercept.  The  value  of  slope  is  the  same 


for  metals  A  and  B  but  v0  for  B  is  greater  than  that 
for  A. 

The  correct  choice  is  (d). 

1  2 
1  € 

Potential  energy  (P.E.)  = - 

4ne0  rn 


Kinetic  energy  (K.E.)  = - 

8tt£0  rn 


The  correct  choice  is  (a). 

The  correct  choice  is  (d).  The  frequency  of  X-rays 
is  higher  than  that  of  ultraviolet  light.  Since  Kmax 
=  hv  -  W0,  Kmax  will  increase  if  v  is  increased. 
Also,  Kmax  =  eV0.  Hence  V0  will  also  increase  if  vis 
increased. 


The  correct  choice  is  (a).  The  maximum  frequency 
is  given  by 


— .  Thus 
h 


V 


Hence 


Thus 


Am'm 


A„ 


V 


ch 

eV 


# 

Integer  Answer  Type  Questions 


1.  Hydrogen  atom  in  its  ground  state  is  excited  by 
means  of  monochromatic  radiation  of  wavelength 
975  A.  How  many  different  lines  are  possible  in 
the  resulting  spectrum?  The  ionization  energy  of 
hydrogen  atom  is  13.6  eV. 

<  IIT,  1982 

2.  A  hydrogen-like  atom  of  atomic  number  Z  is  in 
an  excited  state  of  quantum  number  n  =  6.  This 


excited  atom  makes  a  transition  to  the  first  excited 
state  by  successively  emitting  two  photons  of 
energies  10.20  eV  and  17.00  eV  respectively.  Find 
the  value  of  Z.  The  ionization  energy  of  hydrogen 
is  13.6  eV. 

<  IIT,  1994 

3.  The  electric  potential  between  a  proton  and  an  elec¬ 
tron  is  given  by 
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(  r  \ 


where  V0  and  r0  are  constants  and  r  is  the  radius 
of  the  electron  orbit  around  the  proton.  Assuming 
Bohr’s  model  to  be  applicable,  it  is  found  that  r  is 
proportional  to  nx,  where  n  is  the  principal  quantum 
number.  Find  the  value  of  x. 


<  IIT,  2003 

4.  The  de  Broglie  wavelength  of  an  electron  moving 
with  a  velocity  of  1.5  x  108  ms~'  is  equal  to  that  of 
a  photon.  Find  the  ratio  of  the  kinetic  energy  of  the 
photon  to  that  of  the  electron. 

<  IIT,  2004 

5.  An  element  of  atomic  number  9  emits  Ka  X-ray 
of  wavelength  A.  Find  the  atomic  number  of  the 
element  which  emits  Ka  X-ray  of  wavelength  4  A. 

<  IIT,  2004 


SOLUTION 

1.  Energy  of  monochromatic  radiation  is 


E  =  hv  =  —  = 

A 

=  20.4  x  10~19  J  =  12.75  eV 

Let  n  be  the  number  of  the  possible  spectral  lines. 
Then 

12.75  =  13.6  I  - - - 


(6.63  x  1 0  34 ) 

lx  1 

(3  x  108) 

1 

(975  x 10~ 

,») 

1 

12.75  J_ 

1  2 
n 


13.6 


1 


0.85  1 

-  —  =>  n  =  4 


n  13.6  16 

2.  For  the  first  excited  state,  n  =  2.  Hence 

13.6 eV  I  -L -4rlz2  =10.20  +  17.00  =  27.20 eV 


6 


— |ZZ  = 
36  4, 


27.20 


13.6 


Z"  =  9  or  Z  =  3. 


3.  V=  V0  In 


(  r  \ 


\ro) 


.  Therefore, 


F=_dL  =  VE 

dr  r 

If  v  is  the  orbital  speed  of  the  electron  and  m  its 
mass 


6.  An  a-particle  and  a  proton  are  accelerated  from  rest 
by  a  potential  difference  of  100  V.  After  this,  their 
de  Broglie  wavelengths  are  Xa  and  Xp  respectively. 

A  . 

The  ratio  —  ,  to  the  nearest  integer,  is 

^ a 

7.  A  silver  sphere  of  radius  1  cm  and  work  function 
4.7  eV  is  suspended  from  an  insulating  thread  in 
free-space.  It  is  under  continuous  illumination  of 
200  nm  wavelength  light.  As  photoelectrons  are 
emitted,  the  sphere  gets  charged  and  acquires  a 
potential.  The  maximum  number  of  photoelectrons 
emitted  from  the  sphere  is  A  x  1 0Z  (where  I  <  A 
<  10).  The  value  of  ‘Z’  is 

<  IIT,  2011 


mv 


=  —  =>  mv 2  =  V, 


r  r 

Bohr’s  quantum  condition  is 
nh 
In 

nh 

v  =- 


0 


mvr  =  - 


2  n  mr 

Using  (2)  in  the  (1)  we  get 


r 


hz 


(1) 


(2) 


r2  = 

(  4 n~  m  V0  j 

=>  r  oc  n.  Hence  x  =  1 

4.  Speed  of  photon  (c)  =  3  X  10s  ms1.  Let  A  be  the 
wavelength  of  the  photon.  The  de  Broglie  wave- 

,  ,  ,  ,  h 

length  of  the  electron  =  —  . 

mv 


Given 

K.E.  of  photon 
K.E.  of  electron 


A  =  — .  Now 
mv 


hv 

1  2 

—  mv 
2 

2c 

v 


2  he 
mv2X 


(••'  v  =  -) 
A 


(•••  A  =  — ) 
mv 


2  x  3  x  108 
1.5  xlO8 


=  4 
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5.  For  Ka X-ray,  (Z-  l)2  A  =  constant.  Hence 
(9  -  l)2  A  =  (Z-  l)2  (4A) 

=>  (Z-  1)2=  —  =  16 
4 

=>  Z  -  1  =  4  or  Z  =  5 


7.  Energy  of  incident  radiation  =  /?v  =  — 

A 

_  6.63 x  1(T34  x3x!08 
200  x  1(T9 
=  9.945  x  10  17  J 


6.  A  = 


y  2  mq  V 

For  proton  m  =  mp,  q  =  qp  =  e 

For  a- particle  m  =  ma  =  4  m  and  q  =  q  =  2e 


nJLx<hL 


=  ^4x2  =  V8  =2.83 
The  integer  nearest  to  2.83  is  3. 


=  6.2  eV 

Work  function  IV, ,  =  4.7  eV 

.'.  stopping  potential  is  V0  =  6.2  -  4.7  =  1.5  eV 


4ne0r 


4ne„r 


nx  1.6x10  19  x9xl09 


n  =  1.04  x  10  .  Hence  Z  =  7. 


REVIEW  OF  BASIC  CONCEPTS 

;  RUTHERFORD'S  a -PARTICLE  SCATTERING 
|  EXPERIMENT _ 

A  beam  of  fast  a-particles  was  made  to  fall  on  a  thin  metal 
foil.  Rutherford  observed  that  most  of  the  a-particles 
passed  through  the  foil  without  any  appreciable  deflection. 
The  distance  of  the  closest  approach  of  an  a-particle  is 
given  by 

1  2Ze2 

ro  =  - — 

4ne0  Ek 

1  2 . 

where  Ek=  —  mv  is  the  initial  kinetic  energy  of  particle 

and  Z  is  the  atomic  number  of  the  nucleus.  The  impact 
parameter  is  given  by 

=  1  2  Ze2  cot  (9/2) 

4  n  £0  777  v2 

where  0  is  the  scattering  angle. 


Nuclei  with  the  same  A  but  different  Z  are  called  isobars, 
such  as  ]H,  2He  ;  2Li,  74Be  ;  48Ar,  29Ca. 

Nuclei  with  the  same  (A  -  Z)  =  N  but  different  Z  are 
called  isotones  such  as  jH,  2H  ;  ]H,  2He  ;  17N,  '80,  !9F 

29.4  |  THE  ATOMIC  NUCLEUS _ 

The  first  correct  description  of  the  distribution  of  positive 
and  negative  charges  within  the  atom  was  given  by  Ernest 
Rutherford.  His  a-particle  scattering  experiments  suggest 
that  most  of  the  mass  of  an  atom  is  located  in  a  very 
small  volume  of  radius  of  the  order  of  1CT14  m,  called  the 
nucleus.  The  electrons  reside  outside  the  nucleus.  The 
nucleus  of  every  atom  carries  a  positive  charge.  The  radius 
of  an  atom  is  of  the  order  of  1(T1U  m.  The  radius  R  of  a 
nucleus  of  mass  number  A  is  given  by  the  relation 
R  =  R0  A1/3 

where  R0  is  a  quantity  which  varies  slightly  from  one 
nucleus  to  another. 

29.5  '  MASS  DEFECT  AND  BINDING  ENERGY 


29.2  j  COMPOSITION  OF  THE  NUCLEUS 

The  nucleus  of  an  atom  contains  protons  and  neutrons 
which  are  collectively  called  nucleons.  The  total  number 
of  nucleons  is  called  the  mass  number  and  it  is  denoted 
by  A.  The  number  of  protons  in  a  nucleus  is  called  its 
atomic  number  Z.  The  number  of  neutrons  is  denoted  by 
A,  so  that 

A  =  Z  +  N 

29.3  !  ISOTOPES,  ISOBARS  AND  ISOTONES 


Nuclei  with  the  same  Zbut  different^  are  called  isotopes,  such 


Ifyv  170  ^D-735tt  238tt  236tt  .  206pi  207pu  208pi 

8U>  8u,  gU,  92u,  92u,  92u  ,  82rn,  82rn,  82ro. 


The  mass  of  a  nucleus  which  contains  Z  protons  and 
(A  -Z)  neutrons  is  always  less  than  the  sum  of  the  masses 
of  these  particles  in  the  free  state.  The  difference  is  called 
the  mass  defect  of  the  given  nucleus  and  is  given  by 
A  777  =  Z  mp  +  (A  —  Z)  mn  —  m 
where  m  =  mass  of  the  nucleus,  mp  =  mass  of  a  proton  and 
mn  =  mass  of  a  neutron.  The  binding  energy  of  the  nucleus 
is  given  by 

BE  =  ( Am)c 2  =  [Z  mp  +  (A  —  Z)  mn  —  777]c2 

where  c  is  the  speed  of  light  in  free  space.  Since  A  is  the 
total  number  of  nucleons, 

BE  per  nucleon  =  Z)mn  »?] c 

A 
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29.6  |  NUCLEAR  FISSION _ 

The  splitting  of  a  heavy  nucleus  into  two  or  more 
fragments  of  moderate  and  comparable  sizes  is  called 
nuclear  fission.  The  fission  of  uranium-235  is  represented 
by  the  reaction. 

292  U - > 1 56Ba  +  ggKr  +  2jn  +  energy 

The  energy  released  per  fission  is  about  200  MeV- 
much  more  than  the  energy  released  in  the  usual  nuclear 
reactions.  This  makes  the  fission  reaction  a  particularly 
suitable  source  of  energy. 

The  fission  reaction  given  above  has  a  unique  feature. 
Apart  from  the  fission  fragments,  the  reaction  results  in  the 
release  of  2  to  3  neutrons — the  very  particles  that  initiated 
the  reaction.  So  fission  after  fission,  the  neutrons  present 
in  a  bulk  sample  of  uranium  increase  in  geometric  ratio. 

The  rate  of  energy  release  also  increases  similarly 
in  a  geometric  ratio.  The  fission  reaction  is  thus  a  self 
sustaining  chain  reaction. 

When  the  number  of  neutrons  released  per  fission  is 
limited  to  one  per  fission  by  absorption  of  excess  neutrons, 
the  chain  reaction  is  a  controlled  one  and  is  used  in  nuclear 
reactors.  When  there  is  no  such  control  on  the  number  of 
released  neutrons,  we  have  an  uncontrolled  chain  reaction 
and  this  is  the  source  of  energy  in  the  atom  bomb. 

An  essential  part  of  a  controlled  fission  reaction  is 
known  as  the  moderator.  The  role  of  the  moderator  is  to 
slow  down  the  neutrons  released  in  fissions  so  that  they 
may  be  easily  absorbed  by  another  23592U  nucleus.  Media 
which  contain  nuclei  of  masses  comparable  to  the  neutron 
are  found  to  act  as  efficient  moderators. 

29.7  j  NUCLEAR  FUSION _ 

The  process  of  nuclear  fusion  consists  in  the  ‘combination’ 
of  two  light  nuclei  to  form  a  stable  nucleus  of  mass  less 
than  the  total  initial  mass.  It  is  believed  to  be  the  main 
source  of  energy  for  the  sun  and  the  stars.  The  fusion 
reaction  in  stars  is  believed  to  occur  either  via  the  proton- 
proton  cycle  or  the  carbon-cycle.  The  proton-proton  cycle 
is  as  follows: 

|H  +  |  H - >  "jH  +  e+  +  n 

JH  +  2H - >  32He  +  v 

2He  +  2He - >  2He  +  }H  +  }H 

The  energy  released  in  this  sequence  works  out  to  be 
24.7  MeV. 

Nuclear  fusion  occurs  at  very  high  temperatures  of 
about  107  K  and  under  extremely  high  pressures. 

29.8  |  RADIOACTIVITY _ 

The  phenomenon  of  self-emission  of  radiations  from  a 
nucleus  is  called  radioactivity  and  substances  which  emit 


these  radiations  are  called  radioactive  substances.  The 
radiations  emitted  from  a  radioactive  element  are  of  three 
types. 

1.  Alpha  rays'.  These  rays  consist  of  a-particles.  An 
alpha  particle  is  a  helium  nucleus  having  two  pro¬ 
tons  and  two  neutrons.  It  has  a  positive  charge 
equal  to  the  charge  of  two  protons.  It  has  an  ini¬ 
tial  speed  of  about  107  ms-1.  They  have  very  little 
penetrating  power. 

2.  Beta  rays'.  These  rays  consist  of  electrons.  Their 
speed  is  very  nearly  equal  to  the  speed  of  light. 
They  have  more  penetrating  power  than  alpha 
particles. 

3.  Gamma  rays'.  These  are  high  frequency  electro¬ 
magnetic  waves  having  a  high  penetrating  power. 


Alpha  Decay 

The  process  of  emission  of  an  alpha  particle  from  a 
nucleus  is  called  alpha  decay.  When  a  nucleus  emits 
an  alpha  particle  (2He),  it  loses  two  protons  and  two 
neutrons  which  means  that  the  daughter  nucleus  has  its 
mass  number  reduced  by  4  and  its  atomic  number  reduced 
by  2.  When  a  nucleus  AZX  of  mass  number  A  and  atomic 
number  Z  emits  an  a-particle  (2 1  lej ,  it  is  transformed 
into  a  nucleus  A  7  2  Y  whose  mass  number  is  (A  -  4)  and 
atomic  number  is  (Z-  2).  Alpha  decay  is  represented  by 


A  minus  ,  He 
zA 


A  -  4  v  . 

z_2  Y  +  energy 


Beta  Decay 

The  process  of  the  emission  of  an  electron  from  a  nucleus 
is  called  beta  decay.  In  this  process  also,  the  nucleus 
achieves  greater  stability  by  emitting  an  electron.  A 
neutron  inside  the  nucleus  is  changed  into  a  proton  by  the 
emission  of  an  electron.  Because  the  mass  of  an  electron  is 
negligibly  small,  the  mass  number  of  the  resulting  nucleus 
remains  unaltered  but  its  atomic  number  is  increased  by 
one.  For  example,  when  a  radium  nucleus  2ggRa  emits  a 
/3-particle,  the  resulting  element  is  an  isotope  of  actinium 
2g9Ac.  Thus  in  /3-decay  also,  a  new  element  is  formed. 

The  transformation  of  a  nucleus  AZX  into  the  nucleus 
z+\  Y  by  /3-decay  is  represented  by  an  equation 

Av  minus  e_ 
zA - >  z  +  i  Y 

Gamma  Decay 

Gamma  rays  are  high  frequency  electromagnetic 
radiations  (i.e.  photons)  which  do  not  carry  any  charge. 
Hence  in  /-decay,  the  mass  number  and  atomic  number 
of  the  nucleus  remain  unchanged  so  that  no  new  element 
is  formed. 
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Radioactive  Decay  Law 


If  N  is  the  number  of  radioactive  nuclei  present  in  a  sample 
at  a  given  instant  of  time,  then  the  rate  of  decay  at  that 
instant  is  proportional  to  V,  i.e. 


dN 

dt 


=  -  k  N 


The  proportionality  constant  Ais  called  the  disintegration 
constant.  If  V0  is  the  number  of  radioactive  nuclei  at  time 
t  =  0,  then  the  number  of  radioactive  nuclei  at  a  later  time 
t  is  given  by 

N  =  N0  eXt 

Half  life'.  The  half  life  of  a  radioactive  element  is  the  time 
in  which  half  the  number  of  nuclei  decay.  It  is  given  by 

_  In  2  _  0.693 

A  _  A 

Average  life'.  The  average  life  of  a  radioactive  sample  is 
the  reciprocal  to  its  disintegration  constant,  i.e. 


A 


Radioactivity  decay  rate  or  Activity'.  It  is  useful  to  use  the 
concept  of  the  decay  rate  R  which  is  defined  as  the  number 
of  radioactive  disintegrations  taking  place  in  a  sample  per 
second,  which  is  given  by 


dN 

dt 


-  kN  or  \R\ 


kN  = 


T 


As  N  decreases  exponentially  with  time,  R  will  also 
decrease  exponentially  with  time.  The  SI  unit  of  the  decay 
rate  R  is  called  curie  (symbol  Ci)  in  honour  of  Madame 
M.S.  Curie  (1867-1934).  It  is  defined  as  the  decay  rate  of 
3.7  x  1010  disintegrations  per  second,  i.e. 

1  Ci  (curie)  =  3.7  x  1010  disintegrations/s 
1  mCi  (millicurie)  =  3.7  x  107  disintegrations/s 
1  uCi  (microcurie)  =  3.7  x  104  disintegrations/s 


EXAMPLE  29.1 


Calculate  the  distance  of  closest  approach  when  a 
5  MeV  proton  approaches  a  gold  nucleus.  Atomic 
number  of  gold  is  Z  =  79. 


SOLUTION 


Kinetic  energy  of  porton  is 

K=  5  MeV  =  5  x  106  MeV 
=  5  x  106x  1.6  x  1(T19  J 


=  8  x  10  13  J. 

The  distance  of  closest  approach  is 

1  Ze2 
r°~  4nE0  K 

_  9xl09  x79x(l.6xl0~19)2 
8  x  1(T13 
=  2.3  x  1(T14  m 


EXAMPLE  29.2 


Calculate  the  ratio  of  the  radii  of  two  nuclei  of  mass 
numbers  1  and  27. 


EXAMPLE  29.3 


16  g  of  radioactive  radon  is  kept  in  a  container.  How 
much  radon  will  disintegrate  in  19  days?  Half  life  of 
radon  is  3.8  days. 


SOLUTION 


Number  of  half  lives  in  19  days  is 

t  19  days 

n  •  -  =  5 

T  3.8  days 

Number  of  atoms  left  undecayed  after  5  half 
lives  is 


N=  N0 


Vo 

32 


Mass  of  radon  left  undecayed  after  19  days 


16  g 
32 


0.5  g 


Mass  of  radon  disintegrated  =  16  -  0.5  =  15.5  g 


EXAMPLE  29.4 


The  half  life  of  a  radioactive  substance  is  30  days. 
What  is  the  time  taken  for  3/4  of  its  original  mass  to 
disintegrate? 
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SOLUTION 


T=  30  days 
N=N0-^ 


N„ 


"-Mi 


IV 


i :  er 

Time  taken  =  2  half  lives 

=  2  x  30  =  60  days. 


EXAMPLE  29.5 


n  =  2 


1 

The  activity  of  a  radioactive  element  reduces  to  —  th 

16 

of  its  original  value  in  30  years.  Find  the  half  life  and 
the  decay  constant  of  the  element. 


SOLUTION 


\R\  =  X N,  i.e.  the  activity  of  proportional  to  the  num- 


her  atoms  present  in  the  sample. 

Given 

N=  ■ 

No_ 

16 

From 

ii 

(^)  ’  We  ^aVe 

1 

16  ”  * 

(if— 4 

i.e.  there  are  4  half  lives  in  30  years.  Therefore  the 
half  life  of  the  element  is 


T  = 


Decay  constant  X,  = 


30  years 

— yj -  =  7.5  years 

0.693  _  0.693 

T  7.5  years 

=  0.0924  per  year. 


EXAMPLE  29.6 


■  Two  radioactive  substances  A  and  B  initially  contain 
equal  number  of  atoms.  The  half  lives  of  A  and  B  are 
1  hour  and  2  hours  respectively.  Find  the  ratio  of  their 
rates  of  disintegration  at  the  end  of  2  hours. 


SOLUTION 


■  Given  TA  =  1  hour  and  TB  =  2  hours.  At  t  =  0,  number 
of  atoms  of  A  =  number  of  atoms  of  B  =  N0. 

Number  of  atoms  of  A  after  2  hours  (i.e.  after 
2  half  lives  of  A)  is 


Number  of  atoms  of  B  after  2  hrs  (i.e.  after  1  half  life 
of  B)  is 


Now 


Nb  = 


K 

2 


\R\  =  AN  =  - .  Therefore. 


Ra  = 


0.693 AC  ,  „  0.693 AC 

— - — -  and  Rr  =  — - — - 


Ay  4  2 
— — x-  =  1 
Ay  2  i 


EXAMPLE  29.7 


A  sample  contains  2.3  g  of  radioactive  29qTIi  of  half 
life  2.4  x  1011  seconds.  How  many  disintegrations  per 
second  occur  in  the  sample?  Take  Avogadro  number 


=  6  x  1023  atoms  per  mole. 


SOLUTION 


1  mole  of  a  substance  has  a  mass  equal  to  its  atomic 
mass  expressed  in  grams.  Hence,  number  of  moles  in 

2.3  g  of  29qT1i  is 


90  1 

2.3  g 


230  g/mole 


=  10  2  mole 


Also  Avogdro  number  =  number  of  atoms  in  1  mole 
of  the  substance.  Hence  number  of  atoms  in  1 0  2  mole 
is 

N=  6  x  1023  x  10~2  =  6  x  1021  atoms 


1*1  = 


0.693A  0.693x6x10 


,21 


2.4x10* 


=  1.73  x  10lu  disintegrations  per 
second. 


EXAMPLE  29.8 


A  radioactive  substance  of  half  life  of  69.3  days  is 
kept  in  a  container.  After  a  certain  lapse  of  time,  it 
was  found  that  20%  of  the  substance  is  left  unde¬ 
cayed.  Find  the  time  elapsed.  Given  In  (5)  =  1.61. 


SOLUTION 


T  =  69.3  days 
.  _  0.693 

A  — 


0.693 


T  69.3  days 
=  10~2  per  day 

N  =  20%  of  N0  =  0.2  N0.  Therefore 
N 
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Now  N  =  N0  eXt  =>  —  =  eh 


=> 

= 

=>  Inf— 

]  =  Xt 

N 

V  N  , 

J 

t  = 

\n(N0/N) 

In  (5) 

X 

2 

10  per  day 

~  days  =161  days 
10“2 


EXAMPLE  29.9 


II  gram  of  caesuim  (l^7  Cs)  decays  by  /3-emission  with 

a  half  life  of  30  years,  (a)  Name  the  resulting  iso¬ 
tope.  (b)  Write  the  equation  of  decay,  (c)  If  the  initial 
activity  of  caesuim  is  1 .0  millicurie  (mCi),  what  is  its 
activity  after  60  years. 


SOLUTION 


(a)  In  /3-decay,  the  mass  number  remains  unchanged 
and  the  atomic  number  increases  by  1 .  The  re¬ 
sulting  isotope  has  a  mass  number  137  and 
atomic  number  56.  This  corresponds  to  the  iso¬ 
tope  5g7Ba. 

(b)  The  equation  of  /3-decay  is 

13?  cs  >  137ga  +  _0g  +  v  +  Q 

where  V  is  an  antineutrino  and  Q  is  the  energy 
released  in  /3-decay. 

Initial  activity  is  R0  =  1.0  mCi 

Since  there  are  2  half  lives  in  60  years  and  since 
the  activity  is  proportional  to  the  number  of 
atoms,  the  activity  at  the  end  of  60  years  is 

*  =  *0xflf  =  ^  =  !^ 

0  \2)  4  4 

=  0.25  mCi 


Multiple  Choice  Questions  with  Only  One  Choice  Correct 


1.  The  distance  of  the  closest  approach  of  an  alpha 
particle  fired  at  a  nucleus  with  kinetic  energy  K 
is  r0.  The  distance  of  the  closest  approach  when 
the  alpha  particle  is  fired  at  the  same  nucleus  with 
kinetic  energy  2 K  will  be 
(a)  2 r0  (b)  4r0 


(c) 


1 

2 


(d) 


1 

4 


2.  The  distance  of  the  closest  approach  of  an  alpha 
particle  fired  at  a  nucleus  with  momentum  p  is 
r0.  The  distance  of  the  closest  approach  when  the 
alpha  particle  is  fired  at  the  same  nucleus  with 
momentum  2 p  will  be 
(a)  2 r0  (b)  4r0 


(c) 


1 

2 


(d) 


1 

4 


3.  When  high  energy  alpha-particles  (jHe)  pass 
through  nitrogen  gas,  an  isotope  of  oxygen  is 
fonned  with  the  emission  of  particles  named  x.  The 
nuclear  reaction  is 

^N  +  iHe  17gO  +  x 
What  is  the  name  of  x? 


(a)  electron  (b)  proton 

(c)  neutron  (d)  positron 

4.  What  is  particle  x  in  the  following  nuclear  reaction? 

94Be  +  jHe  126C  +  x 

(a)  electron  (b)  proton 

(c)  neutron  (d)  photon 

5.  When  aluminium  is  bombarded  with  fast  neutrons, 
it  changes  into  sodium  with  emission  of  particle  x 
according  to  the  equation 

y  3AI  +  pn  — >  f}Na  +  x 

What  is  x? 

(a)  electron  (b)  proton 

(c)  neutron  (d)  alpha-particle 

6.  In  the  equation 

13AI  +  jHe  “P  +  X, 

The  correct  symbol  forXis 

(a)_°ie  (b)  |H 

(c)  ^He  (d)  ‘on 

7.  The  energy  released  by  the  fission  of  one  uranium 
atom  is  200  MeV.  The  number  of  fissions  per  sec¬ 
ond  required  to  produce  3.2  W  of  power  is 
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(a)  107  (b)  1010 

(c)  1015  (d)  1017 

8.  What  is  the  energy  released  in  the  fission  reaction 

236t t  117Y  ,  117w  O  ln 
92U  “ >  46A  +  46 Y  +  Z  0n 

given  that  the  binding  energy  per  nucleon  of  X  and 

Y  is  8.5  MeV  and  that  of  23962U  is  7.6  MeV? 

(a)  20  MeV  (b)  180  MeV 

(c)  200  MeV  (d)  2000  MeV 

9.  The  binding  energy  of  deuteron  (2H)  is  1.15  MeV 
per  nucleon  and  an  alpha  particle  (2He)  has  a  bind¬ 
ing  energy  of  7.1  MeV  per  nucleon.  Then  in  the 
reaction 

,H  +  2H  ->  2He  +  Q 


the  energy  Q  released  is 

(a)  1  MeV  (b)  11.9  MeV 

(c)  23.8  MeV  (d)  931  MeV 

10.  If  Mis  the  mass  of  a  nucleus  and  A  its  atomic  mass, 
then  the  packing  fraction  is 


(a) 


M  -  A 
M  +  A 


(c) 


M  -  A 
A 


(b) 


M  -  A 
M 


(d) 


M  +  A 


M-A 


11.  The  half  life  of  a  certain  radio  isotope  is  10  min¬ 
utes.  The  number  of  radioactive  nuclei  at  a  given 
instant  of  time  is  108.  Then  the  number  of  radioac¬ 
tive  nuclei  left  5  minutes  later  would  be 

1 0s 

(a)  —  (b)  104 

1  o8 

(c)  V2  x  107  (d)  -=■ 

v2 

12.  The  half  life  of  Pa  -  218  is  3  minutes.  What 
mass  of  a  16  g  sample  of  Pa  -  218  will  remain 
after  15  minutes? 

(a)  3.2  g  (b)  2.0  g 

(c)  1.6  g  (d)  0.5  g 

13.  The  radioactivity  of  a  sample  is  X  at  a  time  tx  and 
7  at  a  time  t2.  If  the  mean  life  of  the  specimen  is  r, 
the  number  of  atoms  that  have  disintegrated  in  the 
time  interval  (t2  -  6)  is 

(a)  Xtx-Y  t2  (b )  X-Y 

(c)  (X  -  Y)/t  (d)  (X-Y)  t 

14.  The  decay  constant  of  a  radioactive  sample  is 
X  The  half-life  and  mean-life  of  the  sample  are 
(respectively)  given  by: 

(a)  1/A  and  (ln  2)/A  (b)  (ln  2)/A  and  1/A 

(c)  1/A  and  A  (In  2)  (d)  A  (ln  2)  and  1/A 


15.  The  ionising  power  and  the  penetration  range  of 
radioactive  radiations  increase  in  the  order 

(a)  y  p,  a  and  y  /3,  a  respectively 

(b)  y  p,  a  and  a ,  P ,  y  respectively 

(c)  a,  P,  y  and  a ,  p,  y  respectively 

(d)  a,  p,  y  and  y  P,  a  respectively 

<  IIT,  1994 

16.  A  radioactive  element  X  has  atomic  number  Z  and 
atomic  mass  number  A.  It  decays  by  the  emission 
of  an  alpha  particle  and  a  gamma  ray.  The  new 


element  is 

(a)  AZ-*Y 

N  ^ 

1  1 
tO  4^ 

(c)  A+zY 

(d)  Az\\Y 

The  radioactive  decay  of  uranium  into  thorium  is 
represented  by  the  equation 

23982U->  23940Th  +  x 

What  is  x? 

(a)  an  electron 

(b)  a  proton 

(c)  an  alpha  particle 

(d)  a  neutron 

A  carbon  nucleus  emits 

a  particle  x  and  changes 

into  nitrogen  according  to  the  equation 

14C  ->  14N  +  x 

What  is  x? 

(a)  an  electron 

(b)  a  proton 

(c)  an  alpha  particle 

(d)  a  photon 

19.  The  radioactive  decay  of  an  element  X  to  elements 
Y  and  K  is  represented  by  the  equation 


zX  — »  z+i 


^Y  -A  Az~_t K  ->  tjK 


The  sequence  of  the  emitted  radiations  is 
(a)  a,  p,  y  (b)  p,  a,  y 

(c)  y  a,  p  (d)  p,  y  a 

20.  The  half-life  of  a  radioactive  substance  is  10  days. 
This  means  that 

(a)  the  substance  completely  disintegrates  in  20 
days 

(b)  the  substance  completely  disintegrates  in  40 
days 

(c)  1/8  part  of  the  mass  of  the  substance  will  be 
left  intact  at  the  end  of  40  days 

(d)  7/8  part  of  the  mass  of  the  substance  disin¬ 
tegrates  in  30  days. 

21.  A  rate-meter  measures  the  number  of  disintegra¬ 
tions  per  second  from  a  radioactive  source.  It  gives 
a  count  of  320  counts  per  second.  Ninety  minutes 
later,  it  gives  40  counts  per  second.  What  is  the 
half-life  of  the  source? 

(a)  30  minutes  (b)  45  minutes 

(c)  60  minutes  (d)  75  minutes 
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22.  Beta  rays  emitted  by  a  radioactive  material  are 

(a)  electromagnetic  radiations 

(b)  the  electrons  orbiting  around  the  nucleus 

(c)  charged  particles  emitted  by  the  nucleus 

(d)  neutral  particles 

<  IIT,  1983 

23.  The  equation 

4'H+  — >  4He+  +  2e+  +  26  MeV  represents 

(a)  /3-decay  (b)  7-decay 

(c)  fusion  (d)  fission 

24.  What  is  the  number  of  a  and  /3  particles  emitted  in 
the  following  radioactive  decay? 

200  -y  .  168  y 

90a  >  80 1 

(a)  8  and  6  (b)  6  and  8 

(c)  8  and  8  (d)  6  and  6 

25.  A  freshly  prepared  radioactive  source  of  half  life  2 
hours  emits  radiation  of  intensity  which  is  64  times 
the  permissible  safe  level.  The  minimum  time  after 
which  it  would  be  possible  to  work  safely  with  the 
source  is 

(a)  6  hours  (b)  12  hours 

(c)  24  hours  (d)  128  hours 

<  IIT,  1988 

26.  A  beam  of  fast-moving  alpha  particles  was  directed 
towards  a  thin  gold  film.  The  parts  A',  B'  and  C 
of  the  transmitted  and  reflected  beams  correspond¬ 
ing  to  the  incident  parts  A,  B  and  C  of  the  beam 
are  shown  in  the  Fig.  29.1.  The  number  of  alpha 
particles  in 

(a)  B'  will  be  minimum  and  in  C  '  maximum 

(b)  A'  will  be  maximum  and  in  B'  minimum 

(c)  A'  will  be  minimum  and  in  B'  maximum 

(d)  C’  will  be  minimum  and  in  B'  maximum 


Fig.  29.1 

27.  Aradioactive  sample  with  a  half  life  of  1  month  car¬ 
ries  a  label  “Activity  =  2  microcuries  on  1.8.1991”. 
What  was  the  activity  two  months  later? 


(a)  1.0  pCi  (b)  0.5  pCi 

(c)  4  pCi  (d)  8  pCi 

28.  If  the  binding  energy  per  nucleon  in  7  Li  and  4  He 
nuclei  is  respectively  5.60  MeV  and  7.06  MeV,  then 
the  energy  of  the  reaction 

7Li  +  p - >  2  4He  is 

(a)  19.6  MeV  (b)  2.4  MeV 

(c)  8.4  MeV  (d)  17.3  MeV 

29.  In  nuclear  reactions,  there  is  conservation  of 

(a)  mass  only 

(b)  energy  only 

(c)  momentum  only 

(d)  mass,  energy  and  momentum. 

30.  If  the  half  life  of  a  radioactive  atom  is  2.3  days,  its 
decay  constant  would  be 

(a)  0.1  (b)  0.2 

(c)  0.3  (d)  2.3 

31.  A  radioactive  substance  disintegrates  of  initial 

value  in  60  seconds.  The  half  life  of  the  substance  is 
(a)  5  s  (b)  10  s 

(c)  30  s  (d)  20  s 

32.  The  atomic  weight  of  boron  is  10.81  and  it  has 
two  isotopes  1 5B  and  'jB.  The  ratio  of  'jB  :  1 5 B  in 
nature  would  be 

(a)  19  :  81  (b)  10  :  11 

(c)  15  :  16  (d)  81  :  19 

33.  The  mass  number  of  a  nucleus  is 


(a)  always  less  than  its  atomic  number 

(b)  always  more  than  its  atomic  number 

(c)  always  equal  to  its  atomic  number 

(d)  sometimes  more  and  sometimes  equal  to  its 
atomic  number. 

<  IIT,  1986 

34.  An  a-particle  of  energy  5  MeV  is  scattered  through 
180°  by  a  fixed  uranium  nucleus.  The  distance  of 
closest  approach  is  of  the  order  of 

(a)  1  A  (b)  10~10  cm 

(c)  10-12  cm  (d)  10-15  cm 

<  IIT,  1981 

35.  A  star  initially  has  10  40  deuterons.  It  produces 
energy  via  the  processes 

2H  +  - >  2H  +  p 

and  2H  +  3,H  - >  ^He  +  n 

where  the  masses  of  the  nuclei  are  :  m  (2H)  =  2.014 
amu,  m(p)  =  1.007  amu,  m(n)  =  1.008  amu  and 
m  (4He)  =  4.001  amu.  If  the  average  power  radiated 
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by  the  star  is  1 016  W,  the  deuteron  supply  of  the  star 
is  exhausted  in  a  time  of  the  order  of 

(a)  106  s  (b)  10 8  s 

(c)  1012  s  (d)  1016  s 

<  IIT,  1993 

36.  A  nucleus  ruptures  into  two  nuclear  parts  which 
have  their  velocities  in  the  ratio  of  2  :  1 .  What  will 
be  the  ratio  of  their  nuclear  sizes  (radii)? 

(a)  2 1/3  :  1  (b)  1  :  21/3 

(c)  3  1/2  :  1  (d)  1  :  3I/2 

37.  A  free  neutron  decays  into  a  proton,  an  electron 
and 

(a)  a  neutrino  (b)  an  antineutrino 

(c)  an  or- particle  (d)  a  /3-particle 

38.  A  radioactive  element  239qX  decays  into  2g2Y.  The 
number  of  /3-particles  emitted  is 

(a)  4  (b)  6 

(c)  2  (d)  1 


39.  Fast  neutrons  can  easily  be  slowed  down  by 

(a)  the  use  of  lead  shielding 

(b)  passing  them  through  water 

(c)  elastic  collisions  with  heavy  nuclei 

(d)  applying  a  strong  electric  field 

<  IIT,  1994 

40.  Masses  of  two  isobars  62g  Cu  and  6240  Zn  are  63.9298 
u  and  63.9292  u  respectively.  It  can  be  concluded 
from  these  data  that 

(a)  both  the  isobars  are  stable 

(b)  64Zn  is  radioactive,  decaying  to  64Cu  through 
/3-decay 

(c)  64Cu  is  radioactive,  decaying  to  64Zn  through 
y-decay 

(d)  64Cu  is  radioactive,  decaying  to  64Zn  through 
/3-decay. 

<  IIT,  1997 

41.  The  half-life  of  131I  is  8  days.  Given  a  sample  of  131I 
at  time  t  =  0,  we  can  assert  that 

(a)  no  nucleus  will  decay  before  t  =  4  days 

(b)  no  nucleus  will  decay  before  t  =  8  days 

(c)  all  nuclei  will  decay  before  t  =  16  days 


(d)  a  given  nucleus  may  decay  any  time  after 
t  =  0  . 


<  IIT,  1998 


42.  The  order  of  magnitude  of  density  of  uranium  nu¬ 
cleus  is,  ( mp  =  1.67  x  l(T27kg) 

(a)  1020  kg  m“3  (b)  1017  kg  m  3 

(c)  10 14  kg  m  3  (d)  1011  kg  m  3 

<  IIT,  1999 


43  .  22Ne  nucleus,  after  absorbing  energy,  decays  into 
two  a-particles  and  an  unknown  nucleus.  The 
unknown  nucleus  is 
(a)  nitrogen  (b)  carbon 

(c)  boron  (d)  oxygen 

<  IIT,  1999 

44.  Binding  energy  per  nucleon  versus  mass  number 
curve  for  nuclei  is  shown  in  Fig.  29.2.  W,  X,  Y 
and  Z  are  four  nuclei  indicated  on  the  curve.  The 
process  that  would  release  energy  is 


Fig.  29.2 

(a)  Y  — >  2Z  (b)  W  — >  X  +  Z 

(c)  W  ^  2Y  (d)  X  — >  Y  +  Z 

<  IIT,  1999 


45.  Two  radioactive  materials  Xx  and  X2  have  decay 
constants  10Z  and  A  respectively.  If  initially  they 
have  the  same  number  of  nuclei,  then  the  ratio  of 
the  number  of  nuclei  ofX;  to  that  ofX2  will  be  1/e 
after  a  time 

(a)  77TT  (b)  1 


10Z 


1 1  Z 


(c) 


11 

Toz 


(d) 


1 

9Z 


<  IIT,  2000 

46.  A  heavy  nucleus  at  rest  breaks  into  two  fragments 
which  fly  off  with  velocities  in  the  ratio  of  8  :  1 . 
The  ratio  of  the  radii  of  the  fragments  (assumed 
spherical)  is 

(a)  1  :  2  (b)  1:4 

(c)  4  :  1  (d)  2  :  1 

47.  A  nucleus  at  rest  splits  into  two  nuclear  parts 
having  radii  in  the  ratio  1:2.  Their  velocities  are 
in  the  ratio 

(a)  8  :  1  (b)  6  :  1 

(c)  4  :  1  (d)  2  :  1 

48.  If  the  radius  of  a  nucleus  256X  is  8  fermi,  the  radius 
of  4He  nucleus  will  be 

(a)  1  fenni  (b)  2  fenni 

(c)  3  fenni  (d)  4  fermi 
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49.  The  binding  energy  per  nucleon  of  C-12  is 
7.68  MeV  and  of  C-13  is  7.48  MeV.  The  energy 
(in  MeV)  required  to  remove  the  extra  neutron  from 
C- 1 3  is  very  nearly  equal  to 

(a)  0.2  (b)  3.7 

(c)  3.9  (d)  5 

50.  A  radioactive  element  of  mass  number  208  at  rest 
disintegrates  by  emitting  an  cc-particle.  If  E  is  the 
energy  of  the  emitted  a-particle,  the  energy  of 
disintegration  is 

(a)  —  E  (b)  —  E 

51  52 

(c)  52  E  (d)  E 

51.  A  1  MeV  positron  and  a  1  MeV  electron  meet  each 
moving  in  opposite  directions.  They  annihilate  each 
other  by  emitting  two  photons.  If  the  rest  mass  en¬ 
ergy  of  an  electron  is  0.5 1  MeV,  the  wavelength  of 
each  photon  is 

(a)  5.1  x  10-3  A  (b)  10.2  x  10-3  A 

(c)  8.2  x  10-3  A  (d)  6.2  x  10-3  A 

52.  A  gamma  ray  photon  creates  an  electron-positron 
pair.  If  the  total  kinetic  energy  of  the  electron- 
positron  pair  is  0.78  MeV,  the  energy  of  the  gam¬ 
ma  ray  photon  is  (given  the  rest  mass  energy  of 
electron  =  0.51  MeV) 

(a)  0.27  MeV  (b)  0.78  MeV 

(c)  1.29  MeV  (d)  1.80  MeV 

53.  A  neutral  7T-meson  at  rest  disintegrates  to  form 
two  identical  photons.  The  mass  of  7r-meson  is 
264.2  m0,  where  m()  is  the  rest  mass  of  an  electron. 
The  energy  of  each  photon  (in  MeV)  is  very  nearly 
equal  to 

(a)  67.4  (b)  132.1 

(c)  200  (d)  931 

54.  The  half  life  of  a  substance  is  20  minutes.  What 
is  the  time  interval  between  33%  decay  and  67% 
decay? 

(a)  40  min  (b)  20  min 

(c)  30  min  (d)  25  min 

55.  The  electron  emitted  in  beta  radiation  originates 
from 

(a)  inner  orbits  of  atoms 

(b)  free  electrons  existing  in  nuclei 

(c)  decay  of  a  neutron  in  a  nucleus 

(d)  photon  escaping  from  the  nucleus 

<  IIT,  2001 


56.  A  radioactive  sample  consists  of  two  distinct  spe¬ 
cies  having  equal  number  of  atoms  initially.  The 
mean  life  time  of  one  species  is  r  and  that  of  the 
other  is  5t.  The  decay  products  in  both  cases  are 
stable.  A  plot  is  made  of  the  total  number  of  radio¬ 
active  nuclei  as  a  function  of  time.  Which  of  the 
following  figures  best  represents  the  form  of  this 
plot?  (see  Fig.  29.3). 


Fig.  29.3 

57.  The  half-life  of  215At  is  100  ps.  The  time  taken  for 
the  radioactivity  of  a  sample  of  215At  to  decay  to 
1/1 6th  of  its  initial  value  is 

(a)  400  ps  (b)  6.3  ps 

(c)  40  ps  (d)  300  ps 

<  IIT,  2002 

58.  Which  of  the  following  processes  represents  a 
gamma-decay? 

(a)  ZX  +y  — >  z\  X  +  a  +  b 

(b)  ZX +  \n  — >  z-l^  +  c 

(c)  ZX  — >  zX  +  f 

(d)  AyX  +  _  \e  — >  y  A\X  +  g 

<  IIT,  2002 

59.  For  a  certain  radioactive  substance,  it  is  observed 
that  after  4  hours,  only  6.25%  of  the  original  sample 
is  left  undecayed.  Choose  the  only  wrong  statement 
from  the  following. 

(a)  the  half  life  of  the  sample  is  1  hour 

(b)  the  mean  life  of  the  sample  1/2  hour 

(c)  the  decay  constant  of  the  sample  is  (In  2) 
hour-1 

(d)  after  a  further  4  hours,  the  amount  of  the 
substance  left  over  would  be  only  0.39%  of 
the  original  amount. 
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60.  If  the  end  A  of  a  wire  is  irradiated  with  alpha  rays 
and  the  end  B  is  irradiated  with  beta  rays,  then 

(a)  there  will  be  no  current  in  the  wire 

(b)  a  current  will  flow  from  A  to  B 

(c)  a  current  will  flow  from  B  to  A 

(d)  a  current  will  flow  from  each  end  to  the 
midpoint  of  the  wire. 

61.  During  a  negative  beta  decay: 

(a)  an  atomic  electron  is  ejected 

(b)  an  electron  which  is  already  present  within 
the  nucleus  is  ejected 

(c)  a  neutron  in  the  nucleus  decays  emitting  an 
electron 

(d)  a  part  of  the  binding  energy  of  the  nucleus 
is  converted  into  an  electron. 

62.  The  nucleus  of  T^Th  decays  to  288Ra  and  2He 

with  the  emission  of  energy.  If  the  original  nucleus 
was  at  rest,  the  ratio  of  kinetic  energies  of  He  and 
Ra  nuclei  will  be  very  nearly  equal  to 
(a)  22  (b)  44 

113 


(c) 


(d)  113 


63.  A  nucleus  X,  initially  at  rest,  undergoes  a-decay 
according  to  the  equation, 

9a2X  22z8Y  +  a 

The  values  of  A  and  Z  are 
(a)  232  and  90  (b)  234  and  94 

(c)  230  and  88  (d)  232  and  92 

64.  At  a  given  instant  there  are  25%  undecayed  radio¬ 
active  nuclei  in  a  sample.  After  69.3  s,  the  number 
of  undecayed  nuclei  reduces  to  12.5%.  The  mean 
life  of  the  sample  is 

(a)  1  s  (b)  10  s 

(c)  100  s  (d)  1000  s 

65.  In  Q.  64  above,  the  time  in  which  the  number  of 
undecayed  nuclei  will  further  reduce  to  6.25%  of 
the  reduced  number  will  be 

(a)  6.93  s  (b)  69.3  s 

(c)  693  s  (d)  277.2  s 

66.  A  uranium  nucleus  2g8  U  emits  two  alpha  particles 
and  two  beta  particles  and  transforms  into  a  tho¬ 
rium  nucleus.  The  mass  number  and  atomic  number 
of  thorium  nucleus  so  formed  are 


(a)  230  and  90 
(c)  234  and  92 


(b)  232  and  90 
(d)  234  and  88 


67.  A  radioactive  substance  of  half  life  69.3  days  is 
kept  in  a  container.  The  time  in  which  80%  of 
the  substance  will  disintegrate  will  be  [take  ln(5) 
=  1.61] 

(a)  1.61  days  (b)  16.1  days 

(c)  161  days  (d)  1610  days 

68.  The  sequence  of  decays  of  a  radioactive  nucleus  is 
P 


D 


->  D, 


->  D, 


-»  D, 


)  1 1 


/j  - 7  - 7  3  - 7  4 

If  the  mass  number  and  atomic  number  of  D2  are 
176  and  71  respectively,  the  corresponding  values 
of  D  will  be 

(a)  180,  72  (b)  176,  70 

(c)  172,  69  (d)  168,  67 

69.  The  mass  m  of  a  uranium  nucleus  varies  with  its 
volume  V  as 

J_ 

V 

V2 

■  IIT,  2003 


(a)  m  oc 

(b)  m 

(c)  m 

V 

(d)  m 

70. 


A  nucleus  of  mass  number  220,  initially  at  rest, 
emits  an  a-particle.  If  the  Q  value  of  the  reaction 
is  5.5  MeV,  the  energy  of  the  emitted  a-particle 
will  be 

(a)  4.8  MeV  (b)  5.4  MeV 

(c)  6.0  MeV  (d)  6.8  MeV 

<  IIT,  2003 

71.  After  24  hours;  the  activity  of  a  radioactive  sam¬ 
ple  is  2000  dps  (disintegrations  per  second).  After 
another  12  hours,  the  activity  reduces  to  1000  dps. 
The  initial  activity  of  the  sample  in  dps  is 

(a)  1000  (b)  2000 

(c)  4000  (d)  8000 

<  IIT,  2004 

72.  If  all  the  Helium  nuclei  in  the  core  of  a  star  get  con¬ 
verted  into  oxygen  nuclei,  then  the  energy  released 
per  oxygen  nucleus  is  (mass  of  42  He-nucleus  = 
4.0026  amu,  mass  of  ^O-nucleus  =  15.9994  amu) 

<  IIT,  2005 

(a)  931  MeV  (b)  200  MeV 

(c)  10.24  MeV  (d)  7.56  MeV 

22 1 

87Ra  undergoes  radioactive  decay  with  a  half  life 
of  4  days.  The  probability  that  a  Ra  nucleus  will 
disintegrate  in  8  days  is 

1 

2 

3 

4 

■  IIT,  2006 


73. 


(a)  1 

(b) 

<C)  i 

(d) 
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74.  The  half  life  of  a  radioactive  sample  is  6.93  days. 
After  how  many  days  will  only  one -twentieth  of  the 
sample  be  left  over?  Take  loge  (20)  =  3.0. 

<  IIT,  1981 

(a)  20  days  (b)  27  days 

(c)  30  days  (d)  35  days 

75.  In  the  options  given  below,  let  E  denote  the  rest 
mass  energy  of  a  nucleus  and  n  a  neutron.  The  cor¬ 
rect  option  is 

(a)  E(2l\\j)  >  E(™I)  +  E(H Y)  +  2 E  (n) 

(b)  E(2l\\j)  <  E(™l)  +  E(H Y)  +  2 E  {n) 


(c)  e(2% U)  <£(^Ba)  +  £$Kr)  +2 E  (n) 

(d)  E(2]b2\j)  =  £(“°Ba)  +  £$Kr)  +2 E  (n) 

<  IIT,  2007 

76.  A  radioactive  sample  having  an  activity  of 
5  |i  Ci  has  twice  the  number  of  nuclei  as  another 
sample  S2  which  has  an  activily  1 0  p  Ci.  The  half 
lives  of  Sl  and  S2  can  be 

(a)  20  years  and  5  years,  respectively 

(b)  20  years  and  10  years,  respectively 

(c)  10  years  each 

(d)  5  years  each 

<  IIT,  2008 
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SOLUTIONS 


1.  The  distance  of  the  closest  approach  is  given  by 

1  2Ze2 
0  4tt£0  K 


1  2  1  . 

where  K  =  —  mv  .  Thus  rn  —  .  When  K  is  dou- 

2  0  K 

bled,  r0  becomes  half.  Hence  the  correct  choice  is 

(c). 

2.  K=  —  mv2  =  ~  x(mv)  =  -^—.Therefore, 

2  2m  2  m 

1  4  m  Z  e2 


Thus  r0  oc  — .  When p  is  doubled,  r0  becomes  one- 
P~ 

fourth.  Hence  the  correct  choice  is  (d). 


3.  The  charge  number  and  the  mass  number  must  be 
the  same  on  both  sides  of  a  nuclear  reaction.  Par¬ 
ticle  x  must  have  charge  number  +  1  and  mass  num¬ 
ber  1.  Hence  it  is  a  proton. 

4.  Particle  x  must  have  zero  charge  and  mass  number 
1 .  Hence  it  is  a  neutron. 

5.  The  mass  number  of  x  =  27  +  1  -  24  =  4  and  its 
atomic  number  =13  +  0-11=2.  Hence  particle x 
is  helium  nucleus,  which  is  called  alpha  particle. 

6.  The  mass  number  ofXisT  =  27  +  4  -  30=1  and  its 
atomic  number  Z  =  13+2-15  =  0.  Hence  particle 
Xis  a  neutron  and  its  symbol  is  Azn  which  is 

7.  Energy  released  =  200  MeV  =  200  X  106  eV  = 
200  X  106  X  1.6  X  10~19  J.  Therefore,  the  required 
number  is 


200  x  106  x  1.6  x  10-19 
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8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


The  energy  released  is  of  the  order  of 
(8.5  -  7.6)  MeV  x  (117  +  117)  -  200  MeV 

Binding  energy  of  )H  =  1.15  X  number  of  nucelons 
=  1.15  X  2  =  2.3  MeV.  Total  binding  energy  of  re¬ 
actants  =  2.3  +  2.3  =  4.6  MeV.  Binding  energy  of 
2  He  =  7.1  x  number  of  nucleons  =  7.1  x  4  =  28.4 
MeV.  Therefore,  Q  =  28.4-4.6  =  23.8  MeV.  Hence 
the  correct  choice  is  (c). 

The  correct  choice  is  (c). 

We  have  Tl/2  =  10  minutes.  Therefore  5  minutes  = 

—  of  half-life.  It  follows  that  the  number  of  nuclei 
2 

left  after  5  minutes  will  be 


— —  =  of  the  original  number  =  —== 

(2)1/2  V2  V2 

Hence  the  correct  choice  is  (d). 


Since  15  minutes  =  5x3  minutes  =  5  half  lives,  the 

number  of  nuclei  left  after  1 5  minutes  =  —  =  — 

25  32 

of  the  original  number.  Therefore,  the  mass  of  1 6  g 

sample  left  after  15  minutes  =  —  =0.5  g.  Hence 
the  correct  choice  is  (d). 

There  were  X  atoms  at  time  t  =  tx  and  we  are  left 
with  Y  atoms  at  time  t  =  t2.  Therefore,  the  number 
of  atoms  that  have  disintegrated  in  the  time  interval 
(t2  -  tx)  isX-7.  Hence  the  correct  choice  is  (b). 

For  a  radioactive  material  of  disintegration  con¬ 
stant  A, 

Half-life  =  77,  =  — ,  and 
1/2  A 


mean-life  =  t  =  —  . 

A 

Hence  the  correct  choice  is  (b). 

Out  of  the  three  radioactive  radiations,  the  a-rays 
are  the  most  ionising  but  least  penetrative  while  the 
y-rays  are  the  least  ionising  but  most  penetrative. 

Alpha  particle  has  mass  number  4  and  atomic  num¬ 
ber  2.  Thus  A  decreases  to  A  —  4  and  Z  decreases  to 
Z-  2.  Hence  the  correct  choice  is  (b). 

The  mass  number  of  x  must  be  238  -  234  =  4  and 
atomic  number  of  x  must  be  92  -  90  =  2.  Hence  the 
correct  choice  is  (c). 

The  charge  of  x  is  opposite  to  that  of  a  proton. 
Hence  x  is  an  electron. 

In  transition  AZX - >  ■)  +  ,  Y,  the  atomic  (or  charge) 

number  increases  by  unity;  mass  number  remaining 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


the  same.  Hence  an  electron  (/3-particle)  is  emitted. 

In  transition  z+  XY - >  1  4Z  ,  K ,  the  mass  number 

decreases  by  4  and  charge  number  decreases  by  2. 
Hence  an  a-particle  is  emitted.  In  the  third  tran¬ 
sition,  mass  and  charge  numbers  do  not  change. 
Hence  a  y-ray  is  emitted.  Hence  the  correct  choice 
is  (b). 

In  30  days  (i.e.  3  half-lives)  1/23  =  1/8  of  the  sus- 
tance  is  left.  Hence  the  correct  choice  is  (d). 

The  count  decreases  by  a  factor  of  320/40  =  8  in  90 
minutes.  Now  (2)3  =  8.  Hence  90  minutes  =  3  half- 
lives.  Hence  the  half  life  of  the  radioactive  source 
is  30  minutes. 


The  correct  choice  is  (c). 

It  represents  a  fusion  of  four  j  H  nuclei  with  the 
emission  a  huge  amount  of  energy.  The  correct 
choice  is  (c). 

The  mass  number  reduces  by  200  —  168  =  32. 
Hence  8  a-particles  are  emitted.  The  emission  of  8 
a-particles  reduces  the  atomic  number  by  16.  But 
the  atomic  number  reduces  by  90  -  80  =  10.  Hence 
the  number  of  /3-particle  emitted  =16—10  =  6. 
Hence  the  correct  choice  is  (a). 

Since  the  half  life  is  2  hours,  the  intensity  of  the 
radiation  falls  by  a  factor  of  2  every  2  hours.  In  12 
hours  it  will  fall  by  a  factor  of  (2)6  =  64.  Thus,  in 
12  hours  the  intensity  attains  the  safe  level.  Hence 
the  correct  choice  is  (b). 

The  probability  of  a  beam  of  a-particles  passing 
through  the  film  increases  with  the  increase  in  the 
number  of  particles  in  the  beam.  Thus  beam  A'  has 
the  maximum  number  of  particles  and  B '  has  the 
minimum  number  of  particles.  Hence  the  correct 
choice  is  (b). 


Two  months  =  2  half  lives.  The  activity  of  the  sam¬ 


ple  will  become  ,  i.e.  one-fourth  in  2  months. 
2" 

Hence  the  correct  choice  is  (b). 


Binding  energy  of  7Li  =  (binding  energy  per 
nucleons)  x  (no.  of  nucleons) 


=  5.60  x  7  =  39.20  MeV.  Similarly,  binding  energy 
of  4He  =  7.06  x  4  =  28.24  MeV.  Therefore,  binding 
energy  of  two  4He  nuclei  =  28.24  X  2  =  56.48  MeV. 
Hence,  the  energy  of  reaction  is  (56.48  -  39.20) 
=  17.28  MeV.  Thus  the  closest  choice  is  (d). 


The  correct  choice  is  (d). 

The  decay  constant  A  is  given  by 
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,0693  ^3 
T  2.3 

Hence  the  correct  choice  is  (c). 

31.  Now  64  =  {if.  Therefore,  half  life  =  —  =  10  s. 

6 

32.  Let  ax  and  a2  be  the  respective  abundance  of 
isotopes  10B  and  nB  of  mass  number  Zx  and  Z2  of 
boron  of  mass  number  Z,  then 

Q\Z\  +  a2Z2  =  {a  i  +  o2)Z 
or  10  ax  +  1 1  a2  =  {ax  +  a2 )  x  10.81 
or  10.81  ax  —  10  ax  =  11  a2  —  10.81  a2 
or  0.81  ax  =  0.19  a2 

which  gives  —  =  — ,  which  is  choice  (a). 
a2  81 

33.  Mass  number  Z  is  greater  than  atomic  number  A  for 
all  nuclei;  the  single  exception  being  the  hydrogen 
nucleus  for  which  A  =  Z.  Hence  the  correct  choice 
is  (d). 

34.  The  distance  of  closest  approach  is  given  by 

1  IZe1 

ro=  ~a - 

4  Ek 

Here  Z  =  92  for  uranium  and  E  k  =  5  MeV  = 
5  x  1 0  6  x  1 .6  x  1 0  19  J.  Also  e=  1 .6  x  1 0  19  C  and 

— - —  =  9  x  10  9  Nm2  C  2.  Using  these  values,  we 

4tt£0 

12 

getr0=10  cm,  which  is  choice  (c). 

35.  Let  the  mass  of  3H  be  x  amu.  Then  the  mass  defect 
in  the  first  process  is 

(A777)[  =  777  (  2H)  +  777  (2H)  -  777  (  ,  1  1  )  —  777  (p) 

=  2.014  +  2.014  -  X  -  1.007 
=  (3.021  -  x)  amu 

Mass  defect  in  the  second  process  will  be 
(Am)2  =  777  (2H)  +  777  (3jH)  -  777  (illc)  -  777  (n) 

=  2.014  +  X  -  4.001  -  1.008 
=  (x  -  2.995)  amu 
.•.  Total  mass  defect  is 

Am  =  (A  777) [  +  (A  777)2  =  (3.021  -  x)  +  (x  -2.995) 
=  0.026  amu 

Now  1  amu  =  931  MeV  =  931  x  106  x  1.6  xl0~19  J. 
Hence,  energy  released  is  given  by 

E  =  0.026  x  931  x  106  x  1.6  x  10~19 
=  3.87  x  10~12  J 


Now  power  P  =  10  16  W.  Therefore,  the  number  of 


deutrons  per  second  is 
per  second 


10 


16 


3.87x10 


-12 


=  2.58  x  10 


27 


10 


40 


.-.  Deutron  supply  will  exhaust  in 

2.58  xlO27 


=  3.87  x  10  12  seconds 

So  the  correct  choice  is  (c). 

36.  Let  777  j  and  m2  be  the  masses  and  vx  and  v2  the 
velocities  of  the  two  parts.  From  the  principle  of 
conservation  of  momentum,  we  have 

777j  V2  1 

mxvx  =  m~)  v2  or  —  =  —  =  —  (given) 

777  9  Vx  2 

Now,  the  radius  of  a  nucleus  R  A 1/3,  where  A 
is  the  atomic  mass.  Since  A  °c  m,  the  mass  of  the 
nucleus;  R  »=  777 1 3 . 


Thus 

R2 


6777  A 


1/3 


V  "'2  J 


1 


2 


1/3 


Hence  the  correct  choice  is  (b). 

37.  The  conservation  of  spin  requires  that  the  third  par¬ 

ticle  is  an  antinuetrino  ( v  ).  The  decay  reaction  is 
represented  as  q  7? - >  \p  +  °xe  +  v 

38.  /3-particles  are  electrons.  When  a  nucleus  emits  an 
electron,  its  atomic  number  increases  by  1  but  its 
mass  number  remains  unchanged.  Here  the  mass 
number  decreases  by  238  -  222  =  16.  The  mass 
number  of  a  helium  nucleus  is  4.  Hence  16/4  =  4 
a-particles  are  emitted.  An  cr-particle  is  2He.  Hence 
the  atomic  number  decreases  by  8  by  the  emission 
of  4  a-particles.  But  the  atomic  number  decreases 
by  90  -  83  =  7.  This  is  possible  if  only  one  /3-parti¬ 
cle  is  emitted. 

39.  The  correct  choice  is  (b). 

40.  The  atomic  mass  of  stable  Cu  is  smaller  than  that  of 
Zn.  Since  the  given  mass  of  Cu  is  greater  than  that 
of  Zn,  64Cu  will  be  unstable.  In  /3-decay,  the  atomic 
number  is  increased  by  one  while  the  mass  number 
remains  unchanged.  Thus 

64  r „  /3-decay  _  64  7  +  0 

29LU  - >  30Z«  +  -le 

Hence  the  correct  choice  is  (d). 

41.  A  radioactive  nucleus  may  decay  any  time  after 
7=0.  The  number  of  nuclei  at  any  time  t  is  given 

by  N  =  Nq  e~Xl,  where  A  = 

where  T  is  the  half-life.  Hence  the  correct  choice  is  (d). 
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42.  If  A  is  the  atomic  number,  the  mass  of  uranium 
nucleus  is 

m  =  (1.67  x  1 0  27)^4  kg  and  its  volume  is 

V=  1  ro-3=  x  {1.25  x  10“15mJ1/3]3 
3  3 

=  8.2  x  10^5Z  m3 

(v  r  =  r0  A1/3;  r0  =  1.25  X  1(T15  m) 

^  .  m  1.67  x  10_27Z  kg 

.-.  Density  =  —  = - - - f 

V  8.2  x  10_45Z  m3 

=  2  x  1017  kg  m“3 
Hence  the  correct  choice  is  (b). 

43.  The  given  nuclear  reaction  is  given  by  the  equa¬ 


tion 


22,  Ne  ->  4  He  +  1  He  +  Zx 


10  2  1  2 
Since  the  atomic  number  is  conserved,  we  have 
10  =  2  +  2  +  Z 

or  Z  =  6.  The  carbon  nucleus  has  atomic 
number  6. 

44.  The  binding  energies  of  the  reactant  and  the  prod¬ 
ucts  in  the  given  nuclear  reactions  are  as  follows: 


Reaction 

Reactant 

Products 

(a)  Y  ->  2Z 

60x8.5 

=  510  MeV 

2x30x5.0 

=  300  MeV 

(b)  W  ->  X  +  Z 

120x7.5 

=  870  MeV 

(90x8.0  +  30x5.0) 

=  900  MeV 

(c)  W  ->  2Y 

120x7.5 

=  900  MeV 

2  x  60  x  8.5 

=  1020  MeV 

(d)  X  — >  Y  +  Z 

90  x  8.0 

=  660  MeV 

(60  x  8.5  +  30  x  5.0) 
=  720  MeV 

The  binding  energy  of  the  products  in  reaction  (c) 
is  greater  than  that  of  the  reactant.  Hence  reaction 
(c)  releases  energy. 

45.  Nx  =  N0  e~Ut,  N2  =  N0  e^2t.  Therefore 
N, 


—X\  t 

t  _  £ _  =  -  ai  -  n)t 


N, 


-Z>  t 


=  e 


Given, 

Hence 


=  e  -  (10A  -  X)i  =  e-  92/ 
1  =e-\ 


Nj 

N2  j 

9 Xt  =  -  1  or  t  =  — . 

9A 


46.  Let  »7j  and  m2  be  the  atomic  masses  of  the  fragments 
and  v |  and  v2  their  velocities.  From  the  principle  of 
conservation  of  linear  momentum,  we  have 

mlvl  +  m2v2  =0  or  — 

m2 


Now  m |  =A0  (TJj)173  and  m2  =A0  (ft2)1/3.  Hence 


777 


l  _ 


V/3 


\R2J 


or  -  = 


/^v/3 

\R2J 


or 


A 

R, 


Thus,  the  correct  choice  is  (a). 

47.  Let  A ,  and  A2  be  the  mass  numbers  of  the  two  nu¬ 
clear  parts.  Their  radii  are  given  by 

R\  =  Ro  04 1) 1/3  and  R2  =  (A2)m 


Dividing,  we  get 


= 
R , 


or 


V^2 


^1 


1/3 


(  R  A 


R , 


Hence  the  ratio  of  their  masses  is 

777;  _  1 

m2  8 

From  the  principle  of  conservation  of  momentum, 
the  magnitude  of  px  =  magnitude  of  p2  or  777 ,  vx 
=  777 2  v2,  which  gives 

—  =  —  =  -  ,  which  is  choice  (a). 

V2  777 j  1 


48.  R  =  R0(A)m.  Therefore 


R 


2  _ 


^2V" 


Rl 


A 


_( 4  y/3_  1 

254  J  ~  4 


or 


I  fermi 


=  2  fermi 


4  4 

Hence  the  correct  choice  is  (b). 

49.  Energy  required  =  (7.48  x  13  -  12  x  7.68)  MeV  = 
5.08  MeV.  Hence  the  correct  choice  is  (d). 

50.  Mass  number  of  daughter  nucleus  (M)  =  208  -  4 
=  204 

Now,  total  energy  of  disintegration  =  energy  of 
daughter  nucleus  +  energy  of  a-particle 


or 


e  =  sl^ 

*  2m  2m 


Since  momentum  is  conserved,  p  =  P.  Hence 

"  777  +  M N 


E,  Lii+LLZ. 

'  2  1 777  M  2 


mM 


Energy  of  a-particle  =  —  =  E.  Hence 
2m 
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Et  = 


m  +  M 
M 


*±™)E=*E 

204  )  51 

Hence  the  correct  choice  is  (a). 

51.  Energy  released  in  annihilation  =  0.51  +  0.51  = 

1 .02  MeV. 

Initial  energy  =1  +  1=2  MeV.  Therefore,  the  en¬ 
ergy  of  the  two  photons  is  =  1.02  +  2  =  3.02  MeV. 
Hence  energy  of  each  photon  is  E  =  1 .5 1  MeV.  Now, 
according  to  Duane-Hunt  law,  the  wavelength  of  a 
photon  of  energy  E  (in  eV)  is  given  by 

he 


A  = 


A  = 


6.62  x  10-34  x  3  x  108 


E  ineV  1.51x10° 

=  8.2  x  10~3  A  which  is  choice  (c). 


A 


52.  £  =  0.51  +  0.51  +  0.78  =  1.80  MeV.  Hence  the  cor¬ 
rect  choice  is  (d). 

53.  Mass  of  each  photon  (m)  =  X  264.2  m0 

=  132.1  m0. 

Energy  of  photon  =  me 2  =  132.1  x  m0  c2 

=  132.1  x  0.51  MeV 
(v  m0  c2  =  0.51  MeV) 
=  67.4  MeV 

Hence  the  correct  choice  is  (a). 

54.  Given  T=  20  min.  We  know  that 
N  fVj/T 

67 
100 


N, 


o 


t-  „0//,  N  100-33 
For  33%  decay,  —  = 


Nn 


100 


If  t\  is  the  time  for  33%  decay,  then 

\  h!T 


67 

100 


(i) 


t-  ,70/.  N  100-67 
For  67%  decay,  —  =  ■ 


Nn 


100 


33 

100 


If  t2  is  the  time  for  67%  decay,  then 
33  _  nv,/r 

Too  ~~  U. 

Dividing  (ii)  by  (i),  we  have 

33  _  n  \(f2-h)iT 

67  ”  UJ 

33  1 

Now  —  ~  —  .  Hence  Eq.  (iii)  reduces  to 
67  2 


(ii) 


(iii) 


2, 


which  gives  1  =  — — —  or  t2 


tl  =  T=  20  min. 


Hence  the  correct  choice  is  (b). 

55.  Beta  particle  is  an  electron  which  is  emitted  from  a 
nucleus  when  a  neutron  decays  into  a  proton  and  an 
electron  within  a  nucleus.  Hence  the  correct  choice 
is  (c). 

56.  For  each  species,  the  number  of  radioactive  nuclei 
decreases  exponentially  with  time.  Hence,  for  both 
the  species  taken  together,  the  total  number  of  ra¬ 
dioactive  nuclei  will  decrease  exponentially  with 
time.  This  is  best  represented  in  plot  (d). 

57.  Since  —  =  ,  it  follows  that  the  time  taken  for 

16  24  1 

the  radioactivity  to  decay  to  —  th  of  its  initial  val¬ 
ue  =  four  times  the  half-life  of  the  sample  =  4t1/2  = 
4  x  100  ps  =  400  (as.  Thus,  the  correct  choice  is  (a). 

58.  During  the  emission  of  a  gamma  radiation,  both  the 
mass  number  and  atomic  number  remain  the  same. 
Hence  the  correct  choice  is  (c). 


59.  6.25%  = 


6.25 


1 


1 


.  Hence  4  hours  are 


100  16  (2)4 
equal  to  4  half  lives.  Therefore,  the  half  life  of  the 
substance  is  1  hour,  which  is  choice  (a).  The  de- 
ln(2) 


cay  constant  = 
choice  (c). 


Mean  life  = 


half  life 


1 


=  ln(2)  per  hour,  which  is 


decay  constant 


1 


ln(2) 


hour  = 


0.693 


hour 


1 


Hence  choice  (b)  is  incorrect. 

After  further  4  hours  (i.e.  after  8  hours),  —V  = 

1  100  (2)* 

-  =  - %  =  0.39%  of  the  substance  remains 

256  256 

undecayed,  which  is  choice  (d).  Thus  the  only 
incorrect  choice  is  (b). 

60.  Alpha  particles  are  positively  charged  helium 
nuclei  and  beta  rays  are  negatively  charged  elec¬ 
trons.  Hence  the  correct  choice  is  (b). 

61.  Negative  /3  decay  is  expressed  by  the  equation: 

n  - >  p  +  e~  +  v 

Hence  the  correct  choice  is  (c). 
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62.  If  the  original  nucleus  Th  is  at  rest,  i.e.  if  the 
momentum  of  the  system  before  a-decay  is  zero, 
the  total  momentum  after  the  decay  will  also  be 
zero.  Thus  Ra  and  He  will  have  equal  and  opposite 
linear  momenta. 


777 


= 


He  ‘'He 


m r„  P, 


Ra  ‘'Ra 


or 


Now 


Vu*= 


'He ‘'He 


K.E.(He)  _  l/2777HePHe 
K.E.(Ra) 


Ra^Ra 

2 


(i) 


l/2w7RaZZRa 


KmRaVRJ 


777 


Ra 


777| 


Ra  226  113  r  ^ 

—  =  —  =  —  [useEq.  (i)] 

%e  4  2 


Hence  the  correct  choice  is  (c). 

63.  The  a-particle  is  a  helium  nucleus  2He.  Hence 


92 


X  -> 


z  Y+  jHe 


Hence  the  correct  choice  is  (a). 

64.  In  69.3  s,  the  number  of  nuclei  reduces  to  half 
(from  25%  to  12.5%).  Hence  half  life  =  69.3  s 


Mean  life  = 


half  life  69.3  s 


=  100  s 


ln(2)  0.693 

Hence  the  correct  choice  is  (c). 

65.  Let  the  reduced  number  further  reduce  to  6.25% 
in  77  half  lives.  Then 


6.25 

Too" 


1 


or  —  =  — 
16 


which  gives  n  =  4.  Therefore,  the  time  taken  would 
be  t  =  47) /2.  Hence  the  correct  choice  is  (d). 

66.  In  each  alpha  decay,  the  mass  number  decreases 
by  4  and  atomic  number  decreases  by  2.  In  each 
beta  decay,  the  mass  number  remains  unchanged, 
but  atomic  number  increases  by  1.  Hence  the  cor¬ 
rect  choice  is  (a). 

69.3  days.  Therefore  A  =  = 


67. 


^1/2 


10  2  per  day. 


M/2 


N=  20%  of  N0  =  0.2  N0. 


Now 


N  =  Nq  e  X',  which 


gives 


N o 
N 


=  e 


Xt 


or 


In 


=At 
N 


or 


t  = 


ln|^ 

N 


A 


ln(5)  1.61 

10“2  "" 


a-2 


10" 

=161  days 

Hence  the  correct  choice  is  (c). 

68.  The  correct  choice  is  (a). 

69.  If  mp  is  the  mass  of  a  proton  and  A,  the  atomic 
number  of  uranium  nucleus,  then  the  mass  of  a 
uranium  nucleus  is  m  =  mp  A  and  the  volume  of 
uranium  nucleus  is 

v=  \  =  T  7*r° A 1/3)3  =  T  ro'3° A 

(•••  /■  =  %  Am) 


777 

V 


mp  A 


-n  7q  A 


3  777 


4  nrx 


p  =  constant 


70. 


Thus  ??7  oc  V,  which  is  choice  (c). 

.  (momentum)2 

Kinetic  energy  = 


2  x  mass 


Mass  number  of  a-particle  (m)  =  4  units.  Mass 
number  of  daughter  nucleus  ( M)  =  220  —  4  = 
2 1 6  units.  If  P  and  p  denote  the  momenta  of  the 
daughter  nucleus  and  the  a-particle  respectively, 
then 

2-— +  Z 

2  M  2m 

Since  momentum  is  conserved,  P  =  p.  Hence 


1  1 


Q  =  —  — +  —  =  —  — +  1 


2  M 


2m 


777 


Now  -  =  KE  of  a-particle  =  Ea.  Thus, 

2  m 


Q=Ea 


777  +  M 

M 


^  QM  5.5  MeV  x  216 

or  E„  =  -  =  - 

“  (777  +  M)  (4  +  216) 

=  5.4  MeV 

Hence  the  correct  choice  is  (B). 

71.  In  12  hours,  the  activity  of  the  sample  decreases 
from  2000  dps  to  1000  dps,  i.e.  it  becomes  half 
in  12  hours.  Hence  the  half  life  of  the  sample  is 
12  hours.  Now,  24  hours  =  2  half  lives.  Hence  the 
initial  activity  =  2000  dps  X  (2)2  =  8000  dps.  Hence 
the  correct  choice  is  (d). 

72.  Four  He  nuclei  fuse  to  produce  one  oxygen  nucleus 
according  to  equation 
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4(2 He)  — >  'gO 

Mass  defect  Am  =  4  m  (iHe)  —  m^\0) 

=  4  x  4.0026  -  15.9994 
=  0.01 1  amu 

Energy  released  per  oxygen  nucleus  is 
E  =  A  me1 2 
=  0.011  x  931  MeV 
=  10.24  MeV 

Hence  the  correct  choice  is  (c). 

73.  The  probability  at  time  t  that  a  radioactive  nucleus 
will  disintegrate  is  defined  as 

p=  No~N 
N0 

where  N0  =  number  of  nuclei  present  initially  at 
time  t=  0 

N=  number  of  nuclei  left  undecayed  at  time  time  t. 
Now  8  days  =  2  half  lives.  After  2  half  lives 

i 

A 


where 


Therefore  t  = 


0.1  per  day 


30  days.  Thus  the  cor¬ 


rect  choice  is  (c). 

75.  From  the  binding  energy  per  nucleon  versus  mass 

number  curve,  it  follows  that  *53! ,  39Y  , '^Ba 

and  36 Kr  have  higher  binding  energy  than  • 

Hence  the  nuclei  of  I,  Y,  Ba  and  Kr  are  more  stable 

than  the  nucleus  of  U.  Therefore,  the  rest  mass  en¬ 
ergy  of  U  is  greater  than  the  sum  of  the  rest  mass 
energies  of  I  and  Y  or  Ba  and  Kr.  Hence  the  correct 
choice  is  (a). 

76.  Activity  R  =  —  2W  where  A  =  decay  constant  and 
N  =  number  of  radioactive  nuclie  present  in  the 
sample.  Also 


0  4 


where  T=  half  life  of  the  sample.  Hence 
„  0.693  0.693  V 


Hence  the  correct  choice  is  (d). 

74.  —  =  e^'.Thus  _L  =  eAr  or  20  =  eXl  or 


Ni_  x  _  2  x  10  _  20 


h  =  loge  (20)  =  3.0 


So  the  correct  choice  is  (a). 


Section" 


Multiple  Choice  Questions  with  One  or  More  Choices  Correct 


1.  For  a  certain  radioactive  substance,  it  is  observed 
that  after  4  hours,  only  6.25%  of  the  original  sam¬ 
ple  is  left  undecayed.  It  follows  that 

(a)  the  half  life  of  the  sample  is  1  hour 

(b)  the  mean  life  of  the  sample  l/(ln  2)  hour 

(c)  the  decay  constant  of  the  sample  is  (In  2) 
hour-1 

(d)  after  a  further  4  hours,  the  amount  of  the 
substance  left  over  would  be  only  0.39%  of 
the  original  amount. 

<  IIT,  2003 

2.  The  half-life  of  a  radioactive  substance  does  not 
depends  upon 

(a)  its  temperature 


(b)  the  external  pressure  on  it 

(c)  the  mass  of  the  substance 

(d)  the  strength  of  the  nuclear  force  between  the 
nucleons  of  its  atoms. 

3.  In  nuclear  reactions,  which  of  the  following  are 
conserved? 

(a)  mass  (b)  energy 

(c)  momentum  (c)  charge 

4.  When  a  nucleus  emits  a  photon 

(a)  its  actual  mass  decreases 

(b)  its  actual  mass  remains  the  same 

(c)  its  atomic  number  decreases 

(d)  its  atomic  number  remains  the  same. 
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5.  A  tiny  positively  charged  particle  is  moving  head- 
on  towards  a  heavy  nucleus.  The  distance  of  closest 
approach  depends  upon 

(a)  the  number  of  protons  in  the  nucleus 

(b)  the  number  of  nucleons  in  the  nucleus 

(c)  the  mass  of  the  incident  particle 

(d)  the  charge  and  velocity  of  the  incident 
particle. 

6.  A  uranium  nucleus  (atomic  number  92,  mass 
number  238)  emits  an  a- particle  and  the  resultant 
nucleus  emits  a  /3-particle.  If  Z  and  A  are  the  atomic 
and  mass  numbers  of  the  final  nucleus, 

(a)  Z  =  90  (b)  Z  =  91 

(c)  A  =  234  (d)  A  =  233 

<  IIT,  1982 

7.  The  decay  rate  of  a  radioactive  element  is  found  to 
be  1600  disintegrations  per  second.  If  the  half  life 
of  the  element  in  1  second,  then 

(a)  after  1  second  the  decay  rate  will  be  800 
disintegrations  per  second. 

(b)  after  2  seconds  the  decay  rate  will  be  400 
disintegrations  per  second. 

(c)  after  3  seconds  the  decay  rate  will  be  200 
disintegrations  per  second. 

(d)  after  4  seconds  the  decay  rate  will  be  100 
disintegrations  per  second. 

<  IIT,  1983 

8.  Pick  the  possible  nuclear  fusion  reactions  from  the 
following: 

(a)  ‘gC  +  JC  ->  'gC  +4.3  MeV 

(b)  n6C+  [C  — >  !|n  +  2  MeV 

(c)  'yN  +  [h  ->  'gO  +  7  MeV 

(d)  2|U  +  o \n  -A  '*°Xe  +  ^Sr  +  2 ( Jn)  +  200MeV 

<  IIT,  1984 


(b)  The  rest  mass  of  a  stable  nucleus  is  greater 
than  the  sum  of  the  rest  masses  of  its  sepa¬ 
rated  nucleons. 

(c)  In  nuclear  fusion  energy  is  released  by  fusing 
two  nuclei  of  medium  mass  (approximately 
100  amu). 

(d)  In  nuclear  fusion,  energy  is  released  by  frag¬ 
mentation  of  a  very  heavy  nucleus. 


11.  In  the  nuclear  reaction 

2H+  2H  ->  yH q  +  Q 


IIT,  1994 


the  mass  of  =  2.0141  u,  mass  of  yHe  =  4.0024  u 
and  Q  is  the  energy  released. 

(a)  It  is  a  fusion  reaction 

(b)  It  is  a  fission  reaction. 

(c)  Q  =  200  MeV  (d)  Q  =  24  MeV 

<  IIT,  1996 

12.  Let  mp  be  the  mass  of  a  proton  mn  the  mass  of  a 
neutron,  Mx  the  mass  of  iJjNe  nucleus  and  M2  the 
mass  of  jo Ca  nucleus.  Then 

(a)  M2  =  2 Mx  (b)  M2  >  2 Mx 

(c)  M2  <  2 Mx  (d)  Mx  <  10 (mp  +  mn) 

<  IIT,  1998 

13.  Assume  that  the  nuclear  binding  energy  per  nucleon 
( B/A )  versus  mass  number  is  as  shown  in  the  figure. 
Use  this  plot  to  choose  the  correct  choice  (s)  given 
below. 

BIA  „ 

8--  - 

6- 

4-  - 

2 - 

°J - 1 - 1 - — 

100  200  A 


9.  In  the  uranium  radioactive  series  the  initial  nucleus 
is  23^  an(j  the  flnai  nucleus  is  2“pb  •  If  m  is  the 
number  of  a-particles  and  n  the  number  of  ^-par¬ 
ticles  emitted  when  the  uranium  nucleus  decays  to 
lead,  then 

(a)  m  =  8  (b)  m  =  6 

(c)  n  =  10  (d)  n  =  6 

<  IIT,  1985 

10.  Which  of  the  following  statement  (s)  is/are  correct? 
(a)  The  rest  mass  of  a  stable  nucleus  is  less  then 
the  sum  of  the  rest  masses  of  its  separated 
nucleons. 


(a)  Fusion  of  two  nuclei  with  mass  numbers  lying 
in  the  range  of  1  <  A  <  50  will  release  energy 

(b)  Fusion  of  two  nuclei  with  mass  numbers  ly¬ 
ing  in  the  range  of  51<  A  <  100  will  release 
energy 

(c)  Fission  of  a  nucleus  lying  in  the  mass  number 
range  of  100  <  A  <  200  will  release  energy 
when  broken  into  equal  fragments 

(d)  Fission  of  a  nucleus  lying  in  the  mass  number 
range  of  200  <  A  <  260  will  release  energy 
when  broken  into  equal  fragments 

<  IIT,  2008 
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SOLUTIONS 

1.  We  have  6.25%  =  —  =  —  =  -V 

100  16  24 

The  given  time  of  4  hours  thus  equals  4  half  lives 
so  that  the  half  life  is  1  hour. 

Since  half  life  =  - -  and  mean  life  = 

decay  constant 

- ,  statements  (b)  and  (c)  are  easily 

decay  constant 

seen  to  be  correct. 

After  a  furthur  4  hours,  the  amount  left  over  would 

,  1  1  .  1  100  ,  .  . 

be  —  x  —  i.e.,  -  or -  or  0.39%  ot  the  orig- 

24  24  256  256 

inal  amount. 

Hence  all  the  four  choices  are  correct. 

2.  The  correct  choices  are  (a),  (b)  and  (c). 

3.  All  the  four  choices  are  correct. 

4.  A  photon  carries  energy  which  is  equivalent  to 
mass.  Hence  the  correct  choices  are  (a)  and  (d). 

5.  The  distance  of  closest  approach  is  given  by 

1  qZe 

r0  =  -Z - 2 

27T£0  mv 

where  q,  m  and  v  respectively  are  the  charge,  mass 
and  velocity  of  the  incident  particle  and  Z  is  the 
atomic  number  of  the  target  nucleus.  Hence  the  cor¬ 
rect  choices  are  (a),  (c)  and  (d). 

6.  The  correct  choices  are  (b)  and  (c). 

decay  rate  at  time  t  —  0 

7.  Decay  rate  at  time  t  =  - — - 

1600 


where  n  =  number  of  half  lives  in  time  t.  Hence  all 
the  four  choice  are  correct. 

8.  Reaction  (a)  is  not  possible  because  the  atomic 
number  is  not  conserved.  Reactions  (b),  (c)  and 
(d)  are  possible  because  both  atomic  and  mass 
numbers  are  conserved,  but  reaction  (d)  is  a 


fission  reaction.  Hence  the  possible  fusion  reac¬ 
tions  are  (b)  and  (c). 

9.  In  a-decay,  the  mass  number  decreases  by  4  and 
the  atomic  number  decreases  by  2.  In  /3-decay,  the 
mass  number  remains  unchanged  but  the  atomic 
number  increases  by  1.  In  the  decay  of  uranium 
to  lead,  the  mass  number  decreases  by  (238  -206) 
=  32.  Hence  the  number  of  a-particles  emitted 
is  m  =  32/4  =  8.  But  atomic  number  decreases  by 
(92-82)  =  10.  In  the  emission  of  8  a-particles,  the 
mass  number  decreases  by  16.  Hence  the  number 
of  /3-particles  emitted  is  n  =  16  -  10  =  6.  So  the 
correct  choices  are  (a)  and  (d). 

10.  The  correct  choices  are  (a)  and  (d). 

11.  It  is  a  fusion  reaction  because  two  light  nuclei  (j  h) 

fuse  to  form  a  heavier  nucleus  (2  He) 

2  4 

Mass  defect  Am  =  2  x  mass  of  ,H  -  mass  of  2He 
=  2  x  2.0141  -  4.0024 
=  0.0258  u 
=  0.0258  x  931  MeV 
=  24  MeV 

So  the  correct  choices  are  (a)  and  (d). 

12.  The  mass  of  a  nucleus  is  less  than  the  sum  of  the 
masses  of  its  nucleons.  In  the  nucleus  ipNe ,  there 
are  10  protons  and  10  neutrons.  Hence  Mx<  10  (mp 
+  m„),  which  is  choice  (d).  The  heavier  nucleus  has 
more  mass  defect  than  the  lighter  nucleus,  i.e. 

Mass  defect  of  2oCa  >  mass  defect  of  jjj Ne 
=>  20  (mp  +  mn)  -  M2  >  10  ( mp  +  mn)  -  Ml 

=>  M2  <  Mx  +  1 0  (mp  +  »7„) 

But  Mj  <10  (mp  +  m„ ) 

Hence  M2  <  2 Mx,  which  is  choice  (c) 

13.  Energy  is  released  if  the  total  binding  energy  of  the 
products  is  greater  than  the  total  binding  energy  of 
the  reactants.  This  is  not  possible  in  choices  (a)  and 
(b)  The  correct  choices  are  (b)  and  (d) 


Multiple  Choice  Questions  Based  on  Passage 


Questions  1  to  3  are  based  on  the  following  passage 
Passage  I 

At  a  given  instant  there  are  25%  undecayed  radioactive 
nuclei  in  a  sample.  After  10  seconds  the  number  of  un 
decayed  nuclei  reduces  to  12.5% 

<  II T,  1996 


1.  The  half  life  of  the  sample  is 

(a)  10  s  (b)  5  s 

(c)  20  s  (d)  30  s 

2.  The  mean  life  of  the  nuclei  is 

(a)  6.93  s  (b)  7.21  s 

(c)  9.36  s  (d)  14.43  s 
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3.  The  time  in  which  the  number  of  undecayed  nu¬ 
clei  will  further  reduce  to  6.25%  of  the  reduced 
number  is 

SOLUTION 


(a)  10  s 
(c)  30  s 


(b)  20  s 
(d)  40  s 


1.  Since  the  number  of  undecayed  nuclei  reduces  to 
half  (from  25%  to  12.5%)  in  10  s,  the  half  life  is 
T=  10  s. 


3. 


1  T  10 

2.  Mean  life  =  -  = - = -  =  14.43  s 

A  loge(2)  0.693 


Let  the  reduced  number  further  reduce  to  6.25%  in 
n  half  lives,  then 


6.25 

Too" 


4 


time  taken  n  T=  4  x  1 0  =  40  s. 


Questions  4  to  6  are  based  on  the  following  passage 
Passage  II 

In  an  ore  containing  uranium,  the  ratio  of  U-238  to 
Pb  —  206  is  3.  Assume  that  all  the  lead  present  in  the 
ore  is  the  final  stable  product  of  U-238.  The  half  life  of 
uranium-238  is  4.5  x  109  years.  Take  loge  (2)  =  0.693  and 

logc  (j)  =  0.288. 

<  IIT,  1997 

4.  The  decay  constant  is 

(a)  2.22  x  l(T9  per  year 

(b)  6.49  x  1(T8  per  year 

SOLUTION 


(c)  3.11  x  10  9  per  year 

(d)  1.54  x  10_1°  per  year 

5.  If  N0  is  the  original  number  of  radioactive  nuclei 
and  N  is  the  number  of  nuclei  left  undecayed,  then 
the  ratio  N/N0  is 

W  I  O)  f 


6.  The  age  of  the  ore  is  of  the  order  of 

(a)  109  years  (b)  1010  years 

(c)  1011  years  (d)  1012  years 


4.  Decay  constant  A  = 


loge(2) 


0.693 


T  4.5  xlO9  years 
=  1.54  X  10~10  per  year 

5.  If  x  nuclei  of  U-238  have  decayed  to  Pb-206,  then 
N  =  Nq-x 

Nr  -X  „  Nr 

Given  — 5 -  =  3  =>  x  =  — 


N, 


N=  Nr  -x  =  Nr  -  ^  = 


3  Nn 


N_ 

AC 


3 

4 


If  the  age  of  the  ore  is  t  years,  then 


3 

At  =  loge(jj  =  0.288  (given) 

_  0.288  _  0.288 
A  1.54  xlO“10 

=  1.87  x  109  years 


Questions  7  to  9  are  based  on  the  following  passage 
Passage  III 

The  element  Curium  96Cm  has  a  mean  life  of  10 
seconds.  Its  primary  decay  modes  are  spontaneous 
fission  and  a-decay,  the  former  with  a  probability  of 
8%  and  the  latter  with  a  probability  of  92%.  Each 
fission  releases  200  MeV  of  energy.  The  sample  contains 
102°Cm  atoms.  The  masses  involved  in  a-decay  are  as 
follows: 

298Cm=  248.072220  u,  ^Pu  =  244.0641  u  and 


?He  =  4.002603  u.  (1  u  =  931  Me  V/c2). 

<  IIT,  1997 

7.  The  energy  released  in  each  a-decay  (in  MeV)  is 

(a)  0.0514  (b)  0.514 

(c)  5.14  (d)  51.4 

8.  The  total  energy  released  in  one  a-decay  and  one 
fission  (in  MeV)  is 

(a)  20.72  (b)  207.2 

(c)  205.86  (d)  210.14 
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9.  The  power  output  from  the  sample  of  1 020  atoms  is 
of  the  order  of 

SOLUTION 


(a)  105  W 
(c)  1(T2W 


(b)  10  W 
(d)  1(T5  W 


7.  The  equation  governing  the  a-decay  is 

269 Cm^  2^Pu  +  4He 

Mass  defect  Am  =  m  (Pu)  +  m  (He)  -  m  (Cm) 

=  244.064100  +  4.002603 
-248.072220  =  -  0.0055 17u 

.-.  Energy  released  per  a-decay  is 

Ea=  |  A/;?  |c2  =  0.005517x931MeV 

=  5.136  MeV 

8.  Energy  released  per  fission  is 

Ef  =  200  MeV  (given) 

Since  the  probability  of  a-decay  is  92%  and  that 
of  fission  is  8%,  the  total  energy  released  in  the 
transformation  is 

E  =  0.92  Ea  +  0.08  Ef 
=  0.92  x  5.136  MeV  +  0.08  x  200  MeV 


=  4.725  +  16  =  20.725  MeV 

9.  Since  there  are  1020  atoms  of  Cm,  the  total  energy 
released  in  1020  reaction  is 

£total  =  20.725  x  1020  Me  V 

=  20.725  x  1026  e  V 

=  20.725  x  1026  x  1.6  x  1(T19  J 

=  3.32  x  108  J 

Given,  mean  life  of  Cm,  t=  1013  s.  Therefore,  the 
power  output  is 

p  gtota!  3.32  X 108  J 
T  1013S 

=  3.32  x  10"5  Js^1  (or  W) 

So  the  correct  choice  is  (d). 


Questions  10  to  12  are  based  on  the  following  passage 
Passage  IV 

Nuclei  of  a  radioactive  element  are  being  produced  at  a 
constant  rate  a.  The  element  has  a  decay  constant  A.  At 
time  t  =  0,  there  are  V0  nuclei  of  the  element. 

<  IIT,  1998 

10.  If  V  is  the  number  of  nuclei  at  time  t,  the  net  decay 
rate  of  the  element  is 

(a)  a  (b)  -  A  V 

(c)  (a -A  TV)  (d)  (a  +  A  V) 

11.  The  number  V  of  nuclei  at  time  t  is 

(a)  I(a_AV0)e-A' 

SOLUTION 


10.  The  rate  of  production  of  radioactive  element  is 
dN 
dt 

The  rate  of  decay  of  element  is 


=  a 


dN  ,  ,T  dN 
=  A N  or 


dt 


dt 


=  -  A N 


The  net  rate  is 


dN 

dt 


=  a  -  A N 


11.  To  calculate  the  number  N  of  nuclei  at  time  t  (given 
that  the  number  at  t  =  0  is  N0),  we  integrate  the 
above  expression  from  N  =  N0  to  N  =  N  and  from 
t  =  0  to  t  =  t,  We  have 


(b)  I(a  +  AV0)e-Ar 
A 

(c)  I[a  +  (a-AV0)e-A'] 


(d)  i[a-(a-AV0)VA'] 

12.  If  a  =  2  N0  A,  the  number  N  of  nuclei  as  t  — >  °°  is 


o  % 

4 

(c)  2  V0 


(b)  ^ 
2 

(d)  4  V0 


N 


dN 


Nr 


a-  AV 


J  dt 


or 


^|loge(a-AV)|*  -  \t\‘0 


A 


or  -—log 

A 


(  a-AV  ^ 


or  log( 


^a-AVo ) 

'  a  -  A  V  ^ 
v  a  -  A  V0 


=  t 


a-AV  ,, 
=  -A  t  or - =  e 


a- AVn 


or 


1 


V  =  A  [a  -  (a  -  AV0)e  A'] 
A 
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=  N0(  2-eXt) 

When  t  — >  oo 

N  =  N0  (2  -  e^°)  =  N0  (2  -  0)  =  2  N0. 


12.  If  a  =  2N0  A,  then  we  have 


1 


N  =  —  [2 W0A  -  (2A0A  -  2iN0)e~Xl] 

A 


Questions  13  to  15  are  based  on  the  following  passage 
Passage  V 

A  nucleus  at  rest  undergoes  a  decay  emitting  an  a-particle 
of  de  Broglie  wavelength  A  =  5.76  x  1(T15  m.  The  mass 
of  the  daughter  nucleus  D  =  223.610  amu  and  the  mass  of 
an  a- particle  =  4.002  amu.  Take  1  amu  =  1.656  x  ]  0  27  kg 
and  Planck’s  constant  h  =  6.63  x  1 0  54  Js. 

<  IIT,  2001 

13.  The  momentum  of  the  a-particle  (in  kg  ms-1)  is 

(a)  1.15  x  l(T19  (b)  1.6  x  l(T19 

(c)  8.69  x  10~21  (d)  4.002  x  10~27 


14.  The  total  kinetic  energy  of  the  two  particles  is  of 
the  order  of 

(a)  10~6  J  (b)  10^8  J 

(c)  10~10  J  (d)  10-12  J 

15.  The  mass  of  the  parent  nucleus  is 

(a)  (223.610  +  4.002)  amu 

(b)  (223.610  -  0.0067)  amu 

(c)  (223.610  +  4.002  +  0.0067)  amu 

(d)  (223.610  +  4.002  -  0.0067)  amu 


SOLUTION 


13.  The  given  decay  reaction  may  be  represented  as 
->  A  4D  =  4  a 

The  given  de-Brogile  wavelength  of  a-particle  is 
A  =  5.76  x  10-15  m 
The  momentum  of  a-particle  will  be 
h  _  6.63  x  10~34 
Pa~  A~  5.76  x10“15 

=  1.151  x  10~19  kg  m/s 


=  6.63  7  x  10-27  kg 
mD=  223.610  x  1.656  x  10~27 
=  3  70.3  x  10-27  kg 

Substituting  the  values  in  eq.  (1)  and  solving  we  get 
E=  1.02  x  10-12  J 


15.  The  mass  equivalent  of  energy  E  is 


A777  =  —  = 


E 

2 

c 


1.02x10' 2 
(3  x  108)2 


14.  Due  to  the  conservation  of  linear  momentum,  we 
will  also  have 

pD  =  1.151  X  10~19  kg  m/s 
The  total  kinetic  energy  of  these  two  particles  is 

E  =  J^  +  -En_  (1) 

2ma  2mD 

Now  ma  =  4.002  amu 

=  4.002  x  1.656  x  10~27 


=  1.113  x  10-29  kg 

1.1 13  x  10~29 
1.656  xl0“27 


=  0.0067  amu 
Mass  of  parent  nucleus  is 
777  =  mD  +  ma  +  Am 

=  (223.610  +4.002+0.0067)  amu 


Questions  16  to  18  are  based  on  the  following  passage 
Passage  VI 

A  radioactive  element  decays  by  beta  emission.  A  detector 
records  n  beta  particles  in  the  first  2  seconds  and  0.75  n 
beta  particles  in  the  nest  2  seconds. 

<  IIT,  2003 

16.  The  decay  constant  of  the  element  is 


(c)  A  -  —  ln(2)  (d)  A  -  —  ln(2) 

2  4 

17.  The  mean  life  of  the  element  is  (given  In  (2)  =  0.693 
and  In  (3)  =  1.1) 

(a)  5  s  (b)  6  s 

(c)  7  s  (d)  8  s 

18.  The  half  life  of  the  element  is 

(a)  4.8  s  (b)  5.8  s 

(c)  6.8  s  (d)  7.8  s 
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SOLUTION 


16.  N,  =  N0e  Xt  Therefore 

N2  =  N0  e~n  and  N4  =  N0  e  ~4X 

Given  n  =  N0  -  N2  =  N0  (1  -  W2A)  (1) 

and  0.75  n  =  N2  -  N4  =  N0  e~n  -  N0  e^x 

=>  0.75  n  =  N0  {e2X  -  e4X) 

=1  0.75  n  =  N0  U2A  (1  -  e2X)  (2) 

From  Eqs.  (1)  and  (2)  we  get 

0.75  =  e"2A  ^  e  n  =  - 

3 


17.  X  =  -  (In  4  -  In  3)  =  —  (2  In  2  -  In  3) 
2  2 

=  -  [2  x  0.693  -  1.1] 

2 


=  0.143  s' 


i 


.".  Mean  life  =  —  =  — - —  =  7  s 
X  0.143 


18.  Half  life  4,8s 

X  0.143 


Questions  19  to  21  are  based  on  the  following  passage 
Passage  VII 

Scientists  are  working  hard  to  develop  nuclear  fusion 
reactor.  Nuclei  of  heavy  hydrogen,  2jH,  known  as  deuteron 
and  denoted  by  D,  can  be  thought  of  as  a  candidate  for 
fusion  reactor.  The  D-D  reaction  is  2]H  +  2jH  — >  32FIe  +  n 
+  energy.  In  the  core  of  fusion  reactor,  a  gas  of  heavy  hy¬ 
drogen  is  fully  ionized  into  deuteron  nuclei  and  electrons. 
This  collection  of  21H  nuclei  and  electrons  is  known  as 
plasma.  The  nuclei  move  randomly  in  the  reactor  core 
and  occasionally  come  close  enough  for  nuclear  fusion  to 
take  place.  Usually,  the  temperatures  in  the  reactor  core 
are  too  high  and  no  material  wall  can  be  used  to  confine 
the  plasma.  Special  techniques  are  used  which  confine  the 
plasma  for  a  time  t0  before  the  particles  fly  away  from  the 
core.  If  n  is  the  density  (number/volume)  of  deuterons, 
the  product  nt0  is  called  Lawson  number.  In  one  of  the 
criteria,  a  reactor  is  termed  successful  if  Lawson  number 
is  greater  than  5  x  1014  s/cm3. 

It  may  be  helpful  to  use  the  following:  Boltzmann 

2 

constant  k=  8.6  x  1(T5  eV/K;  - =  1.44  x  1(T9  eVm. 

4ke0 

<  IIT,  2009 

19.  In  the  core  of  nuclear  fusion  reactor,  the  gas 
becomes  plasma  because  of 

(a)  strong  nuclear  force  acting  between  the  deu¬ 
terons 

(b)  Coulomb  force  acting  between  the  deuterons 

SOLUTION 

19.  The  correct  choice  is  (d). 

20.  At  a  large  separation,  potential  energy  is  zero  and 
total  energy  =  1.5  kT  +  1.5  kT=  3  kT. 


(c)  Coulomb  force  acting  between  deuteron-elec- 
tron  pairs 

(d)  the  high  temperature  maintained  inside  the 
reactor  core 

20.  Assume  that  two  deuteron  nuclei  in  the  core  of 
fusion  reactor  at  temperature  T  are  moving 
towards  each  other,  each  with  kinetic  energy  1.5  kT, 
when  the  separation  between  them  is  large  enough 
to  neglect  Coulomb  potential  energy.  Also  neglect 
any  interaction  from  other  particles  in  the  core.  The 
minimum  temperature  T  required  for  them  to  reach 
a  separation  of  4  x  1 0  1 5  m  is  in  the  range 

(a)  1.0  x  109  K  <  T<  2.0  x  109  K 

(b)  2.0  x  109  K  <  T<  3.0  x  109  K 

(c)  3.0  x  109  K  <  T<  4.0  x  109  K 

(d)  4.0  x  109  K  <  T<  5.0  x  109  K 

21.  Results  of  calculations  for  four  different  designs 
of  a  fusion  reactor  using  D-D  reaction  are  given 
below.  Which  of  these  is  most  promising  based  on 
Lawson  criterion? 

(a)  deuteron  density  =  2.0  x  1012  cnT3,  confine¬ 
ment  time  =  5.0  x  1 0  s 

(b)  deuteron  density  =  8.0  x  1014  cirT3,  confine¬ 
ment  time  =  9.0  x  10~!  s 

(c)  deuteron  density  =  4.0  x  1023  cnT3,  confine¬ 
ment  time  =  1.0  x  10~n  s 

(d)  deuteron  density  =  1.0  x  1024  cnT3,  confine¬ 
ment  time  =  4.0  x  10~12  s 


From  conservation  of  energy, 

2 

3  kT  =  -  A  U=  — — 
4  K£0r 
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=> 


3  kr 


21.  According  to  Lawson,  deuteron  density  (n)  and 
confinement  time  t0  must  satisfy  the  criterion 


=  1.44  x  1(T9 

3  x  (8.6  x  1 0~5 )  x  (4  x  1 0~5 ) 
=  1.4  x  109  K 
So  the  correct  choice  is  (a). 


n  t0  >  5  x  1014  cm  3  s 

This  condition  is  satisfied  only  by  choice  (b)  for 
which  nt0  =  (8.0  x  1014)  x  (9.0  x  lO^1)  =  7.2  x  1014 
cm  3  s.  Hence  the  correct  choice  is  (b). 


# 

Matching 

1.  Match  the  processes  given  in  Column  I  with  the  nuclear  reactions  given  in  Column  II.  Symbol  Q  stands  for  energy 
released. 


Column  I 

Column  II 

(a)  Alpha  decay 

(p)  29325  U  +  J,n  — >  14gBa  +  92Kr  +  3  ( U)  +  2 

(b)  Beta  decay 

(q)  3H+2H^4He  +  0 

(c)  Nuclear  fission 

(r)  23o°Th^22o6Ra+4He  +  0 

(d)  Nuclear  fusion 

(s)  'jj Cs  — >  'jg Ba  +  e  +v+Q 

ANSWER 

(a)  -» (r) 

(b)  ->  (s) 

(c)  ->  (p) 

(d)  ->  (q) 

2.  Match  the  processes  in  column  I  with  their  properties  in  Column  II. 

Column  I 

Column  II 

(a)  Nuclear  fission 

(p)  involves  weak  nuclear  forces 

(b)  Nuclear  fusion 

(q)  involves  conversion  of  matter  into  energy 

(c)  /1-decay 

(r)  atoms  of  higher  atomic  number  are  used 

(d)  Exothermic  nuclear  reaction 

(s)  atoms  of  lower  atomic  number  are  used 

<  IIT,  2006 

ANSWERS 

(a)  -» (q),  (r) 

(b)  -A  (q),  (s) 

(c)  -A  (p) 

(d)  ->  (q) 

Assertion-Reason  Type  Questions 


In  the  following  questions,  Statement- 1  (Assertion)  is 
followed  by  Statement-2  (Reason).  Each  question  has  the 
following  four  choices  out  of  which  only  one  choice  is 
correct. 


(a)  Statement- 1  is  True,  Statement-2  is  True,  State¬ 
ment-2  is  a  correct  explanation  for  Statement- 1. 

(b)  Statement- 1  is  True,  Statement-2  is  True;  Statem¬ 
ent-2  is  NOT  a  correct  explanation  for  Statement- 1. 
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(c)  Statement- 1  is  True,  Statement-2  is  False. 

(d)  Statement- 1  is  False,  Statement-2  is  True. 

1.  Statement-1 

A  nucleus  at  rest  splits  into  two  nuclear  parts 
having  radii  in  the  ratio  1:2.  Their  velocities  will 
be  in  the  ratio  8:1. 

Statement-2 

The  radius  of  a  nucleus  is  proportional  to  the  cube 
root  of  its  mass  number. 

2.  Statement-1 

The  half  life  of  radioactive  sample  is  T.  It  will 

decay  to  —  of  its  initial  value  in  a  time  8  T. 

16 

Statement-2 

The  half  life  of  a  radioactive  sample  is  the  time  in 
which  half  of  the  number  of  nuclei  decay. 

3.  Statement-1 

A  freshly  prepared  radioactive  sample  has  a  half  life 
of  3  hours  and  emits  radiation  of  intensity  which  is 
64  times  the  permissible  safe  value.  The  minimum 
time  after  which  it  would  be  safe  to  work  with  the 
sample  is  18  hours. 

Statement-2 

The  intensity  of  the  radiation  falls  by  a  factor  of 
2  every  3  hours. 

4.  Statement-1 

Two  radioactive  sources  A  and  B  initially  contain 
equal  number  of  radioactive  nuclei.  Source  A  has 
a  half  life  of  1  hour  and  source  B  has  a  half  life  of 
2  hours.  At  the  end  of  2  hours,  they  will  have  the 
same  rate  of  disintegration. 

Statement-2 

The  rate  of  disintegration  is  defined  as  the  num¬ 
ber  of  disintegrations  taking  place  in  the  source 
per  second. 

5.  Statement-1 

22 

The  nucleus  “~Ne  absorbs  energy  and  decays  into 
two  alpha  particles  and  an  unknown  nucleus.  The 
unknown  nucleus  must  be  carbon. 

Statement-2 

In  a  nuclear  reaction,  the  atomic  number  is  conserved. 

6.  Statement-1 

The  number  of  a  and  /3  particles  emitted  when  2392U 
decays  into  20g62  Pb  is  6  and  8  respectively. 

SOLUTIONS 

1.  The  correct  choice  is  (a).  Let  Ax  and  A2  be  the  mass 
numbers  of  the  two  nuclear  parts.  Their  radii  are 
given  by 

Rx  =  R0  (A,)113  and  R2  =  R0  ( A2)m 


Statement-2 

In  a  nuclear  reaction,  the  mass  number  and  the 
atomic  number  are  both  conserved. 

7.  Statement-1 

The  radioactive  decay  of  nucleus  X  to  nuclei  Y  and 
K  is  represented  by  the  equation 

z  X  ->  £+ !  Y  -M-4  K  ^-4K 
The  sequence  of  emitted  radiations  is  ft ,  a  and  y. 

Statement-2 

In  a  nuclear  reaction,  the  mass  number  and  the 
atomic  number  are  both  conserved. 

8.  Statement-1 

The  distance  of  the  closest  approach  of  an  alpha 
particle  fired  at  a  nucleus  with  momentum  p  is 
r0.  The  distance  of  the  closest  approach  when  the 
alpha  particle  is  fired  at  the  same  nucleus  with 
momentum  2 p  will  be  r0/2. 

Statement-2 

The  distance  of  closest  approach  from  a  given  tar¬ 
get  element  is  inversely  proportional  to  the  kinetic 
energy  of  the  incident  particle. 

9.  Statement-1 

The  binding  energy  of  deuteron  (2jH)  is  1.15  MeV 
per  nucleon  and  an  alpha  particle  (iHe)  has  a  bind¬ 
ing  energy  of  7.1  MeV  per  nucleon.  Then  in  the 
reaction 


2H  +  jH->2He  +  Q 

the  energy  Q  released  is  23.8  MeV. 

Statement-2 

Total  energy  is  conserved  in  a  nuclear  reaction. 

10.  Statement-1 

A  nucleus  X,  initially  at  rest,  decays  into  a  nucleus 
Y  with  the  emission  of  an  a- particle  and  energy 
Q  is  released.  If  m  is  the  mass  of  an  alpha  particle 
and  M  that  of  nucleus  Y,  the  energy  of  the  emitted 
a-particle  will  be 

^  -  QM 

a  (M  —  m) 

Statement-2 

Momentum  and  energy  are  conserved  in  the  decay 
process. 


Dividing,  we  get 


A 

R2 


A 

y^2 


or 
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A  _  f A 


Hence  the  ratio  of  their  masses  is 


From  the  principle  of  conservation  of  momentum, 
the  magnitude  of  px=  magnitude  of  p2  or  ml  vx 
=  m2  v2,  which  gives 


unity;  mass  number  remaining  the  same.  Hence  an 
electron  (/I-particle)  is  emitted.  In  transition 
2  +  [Y  -»  zZ4iK,  the  mass  number  decreases  by 
4  and  charge  number  decreases  by  2.  Hence  an 
a-particle  is  emitted.  In  the  third  transition,  mass 
and  charge  numbers  do  not  change.  Hence  a  7-ray 
is  emitted. 

8.  The  correct  choice  is  (d).  The  distance  of  the  closest 
approach  is  given  by 


2.  The  correct  choice  is  (d).  Since  —  =  A- ,  it 

16  24 

follows  that  the  time  taken  for  the  sample  to  decay 
to  1/16  of  its  initial  value  =  four  half  lives  =  4  T. 

3.  The  correct  choice  is  (a).  Since  the  half  life  is 
3  hours,  the  intensity  of  radiation  falls  by  a  factor 
of  2  every  three  hours.  In  18  hours,  it  will  fall  by  a 
factor  of(2)6  =  64. 

4.  The  correct  choice  is  (a).  The  rate  of  disintegration 
is  proportional  to  the  number  of  radioactive  nuclei 
present  initially  in  the  source. 

5.  The  correct  choice  is  (a).  The  given  nuclear  reac¬ 
tion  is  given  by  the  equation 

ipNe  — >  4  He  +  4 He  +  Zx 
Since  the  atomic  number  is  conserved,  we  have 
10  =  2  +  2  +  Z 

which  gives  Z  =  6.  The  nucleus  having  Z  =  6  is 
carbon. 

6.  The  correct  choice  is  (d).  Let  x  and  y  respectively 
be  the  number  of  a  and  /3  particles  emitted.  The 
equation  of  the  decay  is 

2f2U^  2084Pb  +  x(4He)+yC(le) 

From  conservation  of  charge,  we  have 

92  =  82  +  2 x  -  y  (i) 

Conservation  of  mass  number  gives 

238  =  206  +  4x  (ii) 

which  gives  4x  =  32  or  x  =  8.  Using  this  value  of  x 
in  (i)  we  gety  =  6. 

7.  The  correct  choice  is  (b).  In  transition  AZX  — > 
2  +  iY,  the  atomic  (or  charge)  number  increases  by 


where  K  =  —  mv2. 

2 

11  ^ 

K=  —  mv2  =  - x(mv)2  =  -^—.Therefore, 

2  2  m  2  m 


1  4  777  Z  e~ 


Thus  r0  oc  - .  When p  is  doubled,  r0  becomes  one- 

P 

fourth 

9.  The  correct  choice  is  (a).  Binding  energy  of  ]I  i  = 
1.15  x  number  of  nucelons  =  1.15  x  2  =  2.3  MeV. 
Total  binding  energy  of  reactants  =  2.3  +  2.3  = 
4.6  MeV.  Binding  energy  of  4  He  =  7. 1  x  num¬ 
ber  of  nucleons  =  7.1  x  4  =  28.4  MeV.  Therefore, 
Q  =  28.4  -  4.6  =  23.8  MeV.  Hence  the  correct 
choice  is  (c). 

10.  The  correct  choice  is  (d).  K  =  p~Hm.  Therefore, 

r>2  2 

r  p 

from  conservation  of  energy,  Q  = - 1 - (P  = 

2  M  2m 

momentum  of  Y,  p  =  momentum  of  a-particle) 
Since  momentum  is  conserved,  P  =  p.  Hence 


Q-  ilf-L  +  i)  .  £l(2L  +  1 

2  KM  m  2777  1  M 


^  (  m 
=  E„  —  +  1 


where  Ea  =  energy  of  a-particle.  Hence 


(A7  +  m) 


InldW(f) 
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Here  ^ N(t)  js  ra):e  0f  radioactive  decay  at  time 
dt 

t.  If  the  number  of  radioactive  nuclei  of  this  ele¬ 
ment  decreases  by  a  factor  of p  after  4. 16  years,  find 
the  value  of  p. 

<  IIT,  2010 

2.  The  activity  of  a  freshly  prepared  radioactive 
sample  is  1010  disintegrations  per  second,  whose 
mean  life  is  109  s.  The  mass  of  an  atom  of  this 
radioisotope  is  1(T25  kg.  The  mass  (in  mg)  of  the 
radioactive  sample  is 


SOLUTIONS 


Model  Test  Paper  — I 


The  questions  in  the  practice  papers  are  based  on  questions  asked  in  previous  years’  Physics  Question  Papers  of 
IIT-JEE.  Answer  key  and  complete  solutions  of  questions  are  provided  at  the  end  of  each  practice  paper.  Each 
paper  contains  30  questions  to  be  answered  in  45  minutes. 

SECTION  I 

(Single  Correct  Answer  Type) 

This  section  contains  13  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  is  correct. 


1.  Students  I,  II  and  III  perfonn  an  experiment  for 
measuring  the  acceleration  due  to  gravity  (g)  us¬ 
ing  a  simple  pendulum.  They  use  different  lengths 
of  the  pendulum  and/or  record  time  for  differ¬ 
ent  number  of  oscillations.  The  observations  are 
shown  in  the  table. 


Least  count  for  length  =  0.1  cm 
Least  count  for  time  =  0.1  s 


Student 

Length  of  the 
pendulum 
(cm) 

Number  of 
oscillations 

(») 

Total  time  for 
(n)  oscillations 

(s) 

Time 

period 

(s) 

I 

64.0 

8 

128.0 

16.0 

II 

64.0 

4 

64.0 

16.0 

III 

20.0 

6 

36.0 

6.0 

If  Eh  Eu  and  Em  are  the  percentage  errors  in  g.  i.e. 


—  x  100 
g 


for  student  I,  II  and  III,  respectively, 


(a)  £|  =  0  (b)  £|  is  minimum 

(c)  Ex  =  Eu  (d)  Eu  is  minimum 


2.  A  block  of  mass  m  is  held  stationary  against  a 
wall  by  applying  a  horizontal  force  F  on  the  block. 
Which  of  the  following  statements  is  false? 

(a)  The  frictional  force  acting  on  the  block  is 
/=  mg 

(b)  The  normal  reaction  force  acting  on  the  block 
is  N  =  F 


(c) 

(d) 


No  net  torque  acts  on  the  block 
N  does  not  produce  any  torque. 

Wall. 

Block 


1 


3.  A  thin  uniform  annular  disc  (see  figure)  of  mass 
M  has  outer  radius  4 R  and  inner  radius  3 R.  The 
work  required  to  take  a  unit  mass  from  point  P 
on  its  axis  to  infinity  is 


(a) 

(c) 


^(4V2-5) 

1R 

GM 

~4R 


(b) 

(d) 


2  GM 


1R 

2  GM 
5  R 


(a4i  -  5) 


(V2-1) 


4.  A  block  A  of  mass  m  is  placed  on  a  frictionless 
horizontal  surface.  Another  block  B  of  the  same 
mass  is  kept  on  A  and  connected  to  the  wall  with 
the  help  of  a  spring  of  force  constant  k,  as  shown 
in  the  figure.  The  coefficient  of  friction  between 
blocks  A  and  B  is  p.  The  blocks  move  together 
executing  simple  harmonic  motion  of  amplitude  a. 
The  maximum  value  of  frictional  force  between 
A  and  B  is 


(a)  ka  (b)  ka/2 

(c)  zero  (d)  ,U  mg 

5.  A  bi-convex  lens  is  formed  with  two  thin  plano¬ 
convex  lenses  as  shown  in  the  figure.  Refractive 
index  n  of  the  first  lens  is  1.5  and  that  of  the 
second  lens  is  1.2.  Both  the  curved  surface  are  of 
the  same  radius  of  curvature  R  =  14  cm.  For  this 
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bi-convex  lens,  for  an  object  distance  of  40  cm, 
the  image  distance  will  be 


R =  14  cm 


(a)  -280.0  cm  (b)  40.0  cm 

(c)  21.5  cm  (d)  13.3  cm 

6.  Three  very  large  plates  of  same  area  are  kept 
parallel  and  close  to  each  other.  They  are  consid¬ 
ered  as  ideal  black  surfaces  and  have  very  high 
thermal  conductivity.  The  first  and  third  plates  are 
maintained  at  temperatures  2 T  and  3  T  respectively. 
The  temperature  of  the  middle  (i.e.  second)  plate 
under  steady  state  condition  is 


(C)  (t TT  (d)  (97)1/4  T 

7.  In  the  given  circuit,  a  charge  of  +  80  pC  is  given  to 
the  upper  plate  of  the  4  pF  capacitor.  Then  in  the 
steady  state,  the  charge  on  the  upper  plate  of  the 
3  pF  capacitor  is 

+80  pC  o 

y  4pF 

2  pF  zp  d-  3  pF 

TT 


(a)  +32  pC  (b)  +40  pC 

(c)  +48  pC  (d)  +80  pC 

8.  A  student  is  performing  the  experiment  of  reso¬ 
nance  column.  The  diameter  of  the  column  tube  is 
4  cm.  The  frequency  of  the  tuning  fork  is  512  Hz. 
The  air  temperature  is  38°C  in  which  the  speed  of 
sound  is  336  m/s.  The  zero  of  the  meter  scale  co¬ 
incides  with  the  top  end  of  the  Resonance  Column 
tube.  When  the  first  resonance  occurs,  the  reading 
of  the  water  level  in  the  column  is 
(a)  14.0  cm  (b)  15.2  cm 

(c)  16.4  cm  (d)  17.6  cm 


9.  An  RC  circuit  consists  of  a  resistance  R  =  5  Mil. 
and  a  capacitance  C  =  1.0  pF  connected  in  series 
with  a  battery.  In  how  much  time  will  the  potential 
difference  across  the  capacitor  become  8  times  that 
across  the  resistor?  (Given  loge  (3)  =  1.1) 

(a)  5.5  s  (b)  11s 

(c)  44  s  (d)  88  s 

10.  A  proton  moving  with  a  speed  u  along  the  positive 
x-axis  enters  at  y  =  0  a  region  of  unifonn  magnetic 
field  B  =  B0  k  which  exists  to  the  right  of  y-axis  as 
shown  in  the  figure.  The  proton  leaves  the  region 
after  some  time  with  a  speed  v  at  co-ordinate  y. 
Then 


+q 


y 


8  (out  of  page) 

©  © 


u 


©  ©  ©  © 


© 


O  0 


© 

© 


_©_ 

© 

© 

© 


_©_ 

© 

© 

© 


_©_ 

© 

© 

© 
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(a)  v  >  u,  y  <  0  (b)  v  =  u,  y  >  0 

(c)  v  >  u,  y  >  0  (d)  v  =  u,  y  <  0 

11.  A  cylindrical  conducting  rod  is  kept  with  its  axis 
along  the  x-axis.  Also  there  exists  a  unifonn 
magnetic  field  parallel  to  the  x-axis.  The  current 
induced  in  the  cylinder  is 

(a)  clockwise  as  seen  from  the  +  x  axis 

(b)  anticlockwise  as  seen  from  the  +  x  axis 

(c)  along  the  axis  towards  —  x  direction 

(d)  zero 

12.  A  light  beam  is  traveling  from  Region  I  to  Region 
IV  (Refer  to  figure).  The  refractive  indices  in 

Regions  I,  II,  III  and  IV  are  «n,  and  — 

2  ’  6  8  ’ 

respectively.  The  angle  of  incidence  9  for  which 
the  beam  just  misses  entering  region  IV  is 


(c)  sin-'^j  (d)  sin-1(j) 
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13.  Electrons  with  de-Broglie  wavelength  A  fall  on  the 
target  in  an  X-ray  tube.  The  cut-off  wavelength  of 
the  emitted  X-ray  is 


(a)  A0  = 


2 me  A2 
~h~ 


(b) 


A0  - 


2 h 
me 


(c) 


An  — 


2m2c2A2 

~t?~ 


(d)  A0  =  A 


SECTION  II 

(Multiple  Correct  Answer  Type) 

This  section  contains  7  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which  ONE 
or  MORE  than  one  choice/choices  is/are  correct. 


14.  A  small  block  of  mass  of  0.1  kg  lies  on  a  fixed 
inclined  plane  PQ  which  makes  an  angle  0  with 
the  horizontal.  A  horizontal  force  of  1  N  acts  of 
the  block  through  its  centre  of  mass  as  shown  in 
the  figure.  The  block  remains  stationary  if  (take 
g  =  10  m/s2). 


(a)  0=45° 

(b)  9  >  45°  and  a  frictional  forces  acts  on  the  block 
towards  P. 

(c)  e  >  45°  and  a  frictional  forces  acts  on  the  block 
towards  Q. 

(d)  9  <  45°  and  a  frictional  forces  acts  on  the  block 
towards  Q. 

15.  For  the  resistance  network  shown  in  the  figure, 
choose  the  correct  option/ s). 


(a)  The  current  through  PQ  is  zero. 

(b)  /,  =  3A 

(c)  The  potential  at  S  is  less  than  that  at  O. 

(d)  I2  =  2A 


16.  A  cubical  region  of  side  a  has  its  centre  at  the  ori¬ 
gin.  It  encloses  three  fixed  point  charges,  —q  at  (0, 
-a/4,  0),  +3 q  at  (0,  0,  0)  and  -q  at  (0,  +a/4,  0). 
Choose  the  correct  options(s). 


z 


(a)  The  net  electric  flux  crossing  the  plane  x  = 
+  at 2  is  equal  to  the  net  electric  flux  crossing 
the  plane  x  =  -at 2 

(b)  The  net  electric  flux  crossing  the  plane  y  =  +  a/2 
is  more  than  the  net  electric  flux  crossing  the 
plane  y  =-at  2. 

(c)  The  net  electric  flux  crossing  the  entire  region 


(d)  The  net  electric  flux  crossing  the  plane  z  = 
+  a/2  is  equal  to  the  net  electric  flux  crossing 
the  plane  x  =  +at 2. 

17.  A  disc  of  mass  M  and  radius  R  is  rolling  with  an¬ 
gular  speed  ©  on  a  horizontal  surface  as  shown  in 
the  figure.  The  magnitude  of  angular  momentum  of 
the  disc  about  the  origin  O  is  (here  v  is  the  linear 
velocity  of  the  disc) 
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(a)  |  MR2co  (b)  MR2 co 

3 

(c)  MRv  (d)  —  MRv 

18.  The  displacement  x  of  a  particle  varies  with  time  t 

2  2 

as  x  -  A  sin"  cot  +  B  cos"  cot  +  C  sin  cot  cos  cot.  For 
what  values  of  A,  B  and  C  is  the  motion  simple 
harmonic? 

(a)  All  values  of  A,  B  and  C  with  C  ^  0. 

(b)  A  =  B,  C  =  2B 

(c)  A=-B,  C=2B 

(d)  A=B,C=  0 

19.  A  beam  of  light  consisting  of  two  wavelengths 
750  nm  and  450  nm  is  used  to  obtain  interference 
fringes  in  a  Young’s  double  slit  experiment.  The 
separation  between  the  slits  is  1  mm  and  the  dis¬ 
tance  between  the  plane  of  the  slits  and  the  screen 
is  1 00  cm.  The  least  distance  from  the  central  maxi¬ 
mum  where  the  bright  fringes  due  to  both  the  wave¬ 
lengths  coincide  is  ymin  and  y'min  is  the  correspond¬ 
ing  distance  where  the  dark  fringes  due  to  both  the 
wavelengths  coincide.  Then 

(a)  Tmin  =  2.25  mm 

(b)  Tmin  =  2.0  mm 


(c)  y'min  =  4-5  mm 

(d)  /mm  =  1.125  mm 

20.  The  following  figure  shows  graphs  between  cut-off 

voltage  V0  and  —  for  three  metals  1,2  and  3,  where 
A 

A  is  the  wavelength  of  the  incident  radiation  in  nm. 


If  W±,  W2  and  W3  are  the  work  functions  of  metals 

1 ,  2  and  3  respectively,  then 

(a)  W1:W2:W3  =  1:2:4 

(b)  W1:W2:W3  =  4:2:1 

(c)  The  graphs  for  metals  1 ,  2  and  3  are  parallel  to 
each  other  and  the  slope  of  each  graph  is  hc/e, 
where  h  =  Planck’s  contant,  c  =  speed  of  light 
and  e  =  charge  of  an  electron. 

(d)  Ultraviolet  light  will  eject  photoelectrons  from 
metals  1  and  2  and  not  from  metal  3 . 


SECTION  III 

(Linked  Comprehension  Type) 

This  section  contains  4  questions  based  on  a  paragraph.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
only  ONE  choice  is  correct. 


Questions  21  and  22  are  based  on  the 
following  paragraph. 

A  light  rod  of  length  L  having  a  body  of  mass  M  attached 
to  its  end  hangs  vertically.  It  is  turned  through  90°  so  that 
it  is  horizontal  and  then  released. 

21.  The  centripetal  acceleration  when  the  rod  makes  an 
angle  9  with  the  vertical  is 

(a)  g  cos  0  (b)  2 g  cos  0 

(c)  g  sin  9  (d)  2g  sin  9 

22.  The  tension  in  the  rod  when  it  makes  an  angle  9 
with  the  vertical  is 

(a)  Mg  cos  9  (b)  2  Mg  cos  9 

(c)  3  Mg  cos  9  (d)  zero 


Questions  23  and  24  are  based  on  the 
following  passage. 

A  point  particle  of  mass  M  is  attached  to  one  end  of  a 
massless  rigid  non-conducting  rod  of  length  L.  Another 
point  particle  of  the  same  mass  is  attached  to  the  other  end 
of  the  rod.  The  two  particles  carry  charges  +  q  and  —q.  This 
arrangement  is  held  in  a  region  of  a  uniform  electric  field 
E  such  that  the  rod  makes  a  small  angle  9  (say  of  about  5°) 
with  the  field  direction. 


A 
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23.  When  the  rod  is  released,  it  will  rotate  with  an  an¬ 
gular  frequency  CO  equal  to 


(a) 


(c) 


qi 1 ) 

ml) 


f  qE 
V2ML 


1/2 


1/2 


(b) 


(d) 


(2 ggV/2 

l  ML  ) 


UqE_\ 

2  v  ML  ) 


1/2 


24.  The  minimum  time  taken  by  the  rod  to  align  itself 
parallel  to  the  electric  field  after  it  is  set  free  is 
given  by 


,  ,  n 

(a)  — 

2 


(c)  2  n 

SECTION  IV 
(Assertion-Reason  Type) 


ML 

\2qEj 

2  ML 


V  qE  j 


(b)  2 n 


(d)  2 n 


fML^'2 


v  qE  > 

ML 

\2qEj 


This  section  contains  2  questions.  In  each  question,  Statement- 1  is  followed  by  Statement-2.  Each  question  has  the 
following  four  choices  (a),  (b),  (c)  and  (d)  out  of  which  only  ONE  choice  is  correct. 


(a)  Statement- 1  is  true,  Statement-2  is  true  and 
Statement-2  is  the  correct  explanation  for 
Statement- 1. 

(b)  Statement- 1  is  true,  Statement-2  is  true  but 
Statement-2  is  not  the  correct  explanation  for 
Statement- 1. 

(c)  Statement- 1  is  true,  Statement-2  is  false. 

(d)  Statement- 1  is  false,  Statement- 1  is  true. 


25.  Statement-1 

PV 

The  following  figure  shows  — -  versus  P  graph  for 

a  certain  mass  of  oxygen  gas  at  two  temperatures  Ti 
and  T2.  It  follows  from  the  graph  that  Ti  >  T2. 


Statement-2 

At  higher  temperature,  real  gas  behaves  more  like 
an  ideal  gas. 

26.  Statement-1 

A  particle  of  mass  M  at  rest  decays  into  two  par¬ 
ticles  of  masses  mi  and  m2  which  move  with  ve¬ 
locities  t?j  and  v2  respectively.  Their  respective  de 
Broglie  wavelengths  are  A,  and  A2.  If  m ,  >  m2,  then 
A]  >  At. 

Statement-2 

The  de  Broglie  wavelength  of  a  particle  having  mo¬ 
mentum  //is  A  =  hip. 


SECTION  V 


(Integer  Answer  Type) 


This  section  contains  3  questions.  The  answer  to  each  question  is  single  digit  integer,  ranging  from  0  to  9 
(both  inclusive) 


27.  A  cylindrical  cavity  of  diameter  a  exists  inside  a 
cylinder  of  diameter  2 a  shown  in  the  figure.  Both 
the  cylinder  and  the  cavity  are  infinitely  long.  A 
unifonn  current  density  J  Hows  along  the  length.  If 
the  magnitude  of  the  magnetic  field  at  the  point  P 
N 

is  given  by  —  p0aJ,  find  the  value  of  N. 
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28.  A  binary  star  consists  of  two  stars  A  (mass  2.2  A7V) 
and  B  (mass  1 1  Ms),  where  Ms  is  the  mass  of  the 
sun.  They  are  separated  by  distance  d  and  are  rotat¬ 
ing  about  their  centre  of  mass,  which  is  stationary. 
Find  the  ratio  of  the  total  angular  momentum  of 
the  binary  star  to  the  angular  momentum  of  star  B 
about  the  centre  of  mass. 


29.  Two  spherical  bodies  A  (radius  6  cm)  and  B  (radius 
18  cm)  are  at  temperature  7)  and  T2,  respectively. 
The  maximum  intensity  in  the  emission  spectrum 
of  A  is  at  500  nm  and  in  that  of  B  is  at  1500  nm. 
Considering  them  to  be  black  bodies,  what  will  be 
the  ratio  of  the  rate  of  total  energy  radiated  by  A  to 
that  of  B1 


SECTION  VI 
(Matrix  Match  Type) 

This  section  contains  1  question.  Each  question  has  four  statements  (a,  b,  c  and  d)  given  in  Column  I  and  five  statements 
(p,  q,  r,  s  and  t)  in  Column  II.  Any  given  statement  in  Column  I  can  have  correct  matching  with  ONE  or  MORE 
statement(s)  given  in  Column  II.  For  example,  if  for  a  given  question,  statement  B  matches  with  the  statements  given 
q  and  r,  then  for  the  particular  question,  against  statement  B,  darken  the  bubbles  corresponding  to  q  and  r  in  the  ORS. 


30.  One  mole  of  a  monatomic  gas  is  taken  through 
a  cycle  ABCDA  as  shown  in  the  P-V  diagram. 
Column  II  gives  the  characteristics  involved  in  the 
cycle.  Match  them  with  each  of  the  processes  given  in 
Column  I. 


Section-IV 

25.  (a) 

26.  (d) 

Section-V 

27.  (5) 

28.  (6) 

Section- VI 

30.  (a)  (p,  r,  t);  (b)  (p,  r),  (c)  (q,  s), 

(d)  -4  (r,  t). 

Solutions 


Column  I 

Column  II 

(a) 

Process  A  — > 

B 

(P) 

Internal  energy  decreases 

(b) 

Process  B  — > 

C 

(q) 

Internal  energy  increases 

(c) 

Process  C  — > 

D 

(r) 

Heat  is  lost 

(d) 

Process  D  — > 

A 

(s) 

Heat  is  gained 

(t) 

Work  is  done  on  the  gas 

Answers 

Section-I 

1. 

(b) 

2.  (d) 

3. 

(b) 

4. 

(b) 

5.  (b) 

6. 

(c) 

7. 

(c) 

8.  (b) 

9. 

(b) 

10. 

(d) 

11.  (d) 

12. 

(b) 

13. 

(a) 

Section-II 

14.  (a,  c)  15.  (a,  b,  c,  d)  16.  (a,  c,  d) 

17.  (a,  d)  18.  (a,  b,  c)  19.  (a,  d) 

20.  (a,  d) 

Section-Ill 

21.  (b)  22.  (c)  23.  (b) 

24.  (a) 


Section-I 


1.  T  -In 


Time  period  T  —  — ,  when  n  =  number  of  oscilla- 
n 

tion  and  t  is  the  total  time  for  n  oscillation.  In  terms 
of  measured  quantities, 

t  „  [T  4k2L  n 2  ,  . 

—  -In  —  =>  g  = - •  Theretore, 

n  \g  r 


^K.  _  +  2  At  ( A  n  =  0;  there  is  no  error 

g  L  t  in  counting  the  number  of 
oscillation) 


Ei  = 


—  x  100  = 
g 


or  2xon 
64  +  128  J 


x  100 


For  student  I, 
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For  student  II, 


0.1  2x0.1 

Eu  -  I  —  + 

64  64.0 


x  100 


-P% 

32 


For  student  III,  Em  = 


f  0.1  2x0.1 


Uo.o 


36 


x  100 


-l?% 

18 


Thus  the  percentage  error  in  the  measurement  of  g  is 
minimum  for  student  I. 


2.  Since  the  block  is  held  stationary,  it  is  in  transla¬ 
tional  as  well  as  rotational  equilibrium.  Hence  no 
net  force  and  no  net  torque  acts  on  the  block.  No 
net  force  will  act  on  the  block  if/=  mg  and  N=F. 
No  net  torque  will  act  on  the  block,  if  torque  by 
frictional  force/  about  centre  O  =  counter  torque 
by  normal  reaction  N  about  centre  O.  Hence 
choice  (d)  is  false. 

3.  By  definition,  the  work  required  to  take  a  unit 
mass  from  P  to  infinity  =  -  Vp,  where  VP  is  the 
gravitational  potential  at  P  due  to  the  disc.  To  find 
VP,  we  divide  the  disc  into  small  elements,  each 
of  thickness  dr.  Consider  one  such  element  at  a 
distance  r  from  the  centre  of  the  disc,  as  shown 
in  the  figure. 


P 


M  ( 2nrdr ) 

Mass  of  the  element  dm  =  - ~ - ~ 

n{4R)2  -  x(3R)2 


2  M  rdr 
1R2 


Vp=~\ 


G  dm 

\jr2  +  16R2 


2  MG  4r  rdr 
1R2  jR(r2  +  \6R2)U2 


Putting  r2  +  16  R1  =  x2,  we  get  2 r  dr  =  2x  dx  or 
rdr  =  x  dx. 

When  r  =  3  R,  jc  =  J9R2  +  16R2  =  5  R 
When  r  =  4  R,  x  =  j\6R2  +16R2  =  4^2  R 

4dl  R 


Vp=  - 


2  MG 
1R2 


f  dx  =  -^^-(4^2-5)R 

J  1R- 


5  R 


Hence  -  VP  =  - 


2  MG 
1R 


(4  V2  -  5),  which  is  choice  (b). 


4.  The  blocks  will  move  together  as  long  as  the 
frictional  force  of  block  B  =  mass  of  block  B  x 
maximum  acceleration  of  its  S.H.M.,  i.e. 

/=  mar  a 


where 


Thus  f=  m  x  - —  x  a 
2m 

=  ka/2 

-  =  (— If1'1! —  cm" 

f  V  1  A 14  00)  28 


1 

Ji 


n.2-n 

f  1 

1  N 

1 

l  1  J 

c  °° 

’-14, 

~  70 

-1 


F 


1111 

= - 1 - = - 1 - =>  F  =  20  cm 

/1  f2  28  70 


Now 


I_I-1 

v  u  F 


=t> - =  —  =>  v  =  40  cm 

v  -40  20 


6.  In  the  steady  state,  the  rate  at  which  the  middle 
plate  receives  heat  energy  is  equal  to  the  rate  at 
which  heat  energy  is  emitted  by  the  other  plates. 
Let  A  be  the  area  of  each  plate  and  T0  be  the  steady 
state  temperature  of  the  middle  plate.  Since  both 
sides  of  the  middle  plate  receive  heat  energy,  the 
total  area  of  the  middle  plate  receiving  energy  is 
2 A. 


T0 


27 


37 
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From  Stefan’s  law 

ct  (2 A)  ( T„ )4  =  oA  ( IT )4  +  oA  (3  T)4 
=>  2  T04  =  16  T 4  +  81  T4  =  97  T4 


7.  Let  q  pC  be  the  charge  on  the  upper  plate  of  3  pF 
capacitor.  Then  the  charge  on  the  upper  plate  of 
2  pF  capacitor  will  be  (80  -  q)  pC.  Since  poten¬ 
tial  difference  across  2  pF  capacitor  =  potential 
difference  across  3  pF  capacitors, 


80  -  q 
2 


|  =>  q  =  48  pC. 


8.  End  correction  e  =  0.3d  =  0.3  x  4  =  1.2  cm 

Wavelength  A  =  —  =  =  0.656  m  =  65.6  cm 

v  512 


Now 


A 

L  +  e  —  — 

4 


A  65.6 

L  =  —  -  e  =  — —  -1.2 
4  4 

=  16.4  -  1.2  =  15.2  cm 


9.  At  instant  of  time  t,  the  charge  on  the  capacitor 
is  given  by 

q  =  q0  (1 


- t/RC s 

e  ) 


and  the  potential  drop  across  the  capacitor  is  given 
by  (v  V  =  q/C) 

Vc=  V0  (1  -  e-l/RC) 

where  V0  is  the  voltage  of  the  battery.  The  poten¬ 
tial  drop  across  the  resistor  is 

VR  =  V0  -  Vc  =  v0  -  V0  (1  -  e~t/RC)  =  V0  et/RC 


Vr 


-t/RC 


-t/RC 


-  =  e,IRC-l 


10.  When  the  proton  enters  the  region  of  the  magnetic 
field,  it  will  experience  a  force  F  given  by 

F  =  q  (u  x  B) 

where  q  is  the  charge  of  the  proton.  The  force  F 
is  perpendicular  to  both  u  and  B.  Since  the  force 
is  perpendicular  to  the  velocity  of  the  particle,  it 
does  not  do  any  work.  Hence  the  magnitude  of 
the  velocity  of  the  particle  will  remain  unchanged; 
only  the  direction  of  the  velocity  changes.  Hence 
v  =  u.  Since  u  is  perpendicular  to  B,  the  proton 
moves  in  a  circular  path.  Since  the  charge  of  pro¬ 
ton  is  positive,  u  is  along  positive  x-axis  and  B  is 
directed  out  of  the  page,  the  proton  will  move  in  a 
circle  in  the  x-y  plane  in  the  clockwise  direction. 
Hence  its  y  coordinate  will  be  negative,  when  it 
leaves  the  region.  Thus  the  correct  choice  is  (d). 

11.  Since  the  magnetic  field  is  constant,  the  rate  of 
change  of  magnetic  flux  is  zero.  Hence  the  induced 
emf  and  current  are  zero.  So  the  correct  choice  is 
(d). 

12.  The  beam  will  not  enter  region  IV  if  the  angle 
refraction  in  region  IV  equals  90°.  Apply  Snell’s 
law  at  the  interfaces,  we  have 

I  II  III  IV 


n0  sin  6  = 


^  sin  0 


l 


Given 


Therefore, 


8  =  e,/RC  -  l 

or  et,RC  =9  =  (3)2 


or 


t 

~RC 

t 


2  loge  (3) 

RC  x  2  logc  (3) 

(5  x  106)  x  (1  x  1(T6)  x  2  x  1.1 


=  11  s 


=  —  sin  0, 
6  2 


=  ^  sin  90° 
8 


which  gives  sin  6 


1 

8' 


13.  de-Broglie  wavelength  is 


A  = 


h 

yfemE 


where  E  is  the  kinetic  energy  of  the  electrons.  The 
out-off  wavelength  is 
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A 


o 


he 

E 


From  Eq.  (1)  E  =  - -.  Hence 

2mX2 


A 


o 


2 me  A2 

i 


Section  II 


Given  F  =  1  N,  m  =  0.1  kg  and  g  =  10  ms~2.  Let 
/be  the  frictional  force  between  the  block  and  the 
plane  surface  PQ. 

The  block  will  be  stationary  if 
F  cos  9  =  mg  sin  9 
=>  1  x  cos  9  =  0.1  x  10  x  sin  9 
=>  tan  9  =  1  =>  9  =  45°  and  /=  0 
If  9  >  45°,  sin  9  >  cos  9. 

Hence  mg  sin  9  >  F  cos  9  ( v  F  =  mg  =  1  N). 
Therefore  frictional  force  acts  up  the  block  to¬ 
wards  Q. 

If  9  <  45°,  sin  9  <  cos  9 
Hence  mg  sin  9  <  F  cos  9. 

Therefore,  in  this  case,  frictional  force / acts  down 
in  the  plane  towards  P. 

15. 


2a  +  c  -  4b  =  0 

(1) 

2(a  -  c)  —  c  -  4  (b  +  c)  -  c  =  0 

=> 

a  -  2b  -4c  =  0 

(2) 

and 

4b  +  4  (b  +  c)  +  4b  -  12  =  0 

=> 

3b  +  c  =  3 

(3) 

Solving  Eqs.  (1),  (2)  and  (3),  we  get 

a  =  2  A,  b  =  1  A  and  c  =  0 

Thus  the  current  through  PQ  is  zero.  Also  /,  =  a  +  h 
=  3  A  and  I2  =  a  —  c  =  2  A. 

Also  Vs  -  Vq  =  —c  -  4  (b  +  c)  =  -4b  =  -4  x 
1  =  -4 V  (v  c  =  0).  Hence  potential  at  S  is  less 
than  that  at  Q. 

16.  According  to  Gauss’s  law,  the  electric  flux  cross 
the  cubical  region  is 

,  %et  =  3  q-q-q  =  q 
eo  eo  eo 

By  symmetry,  the  electric  flux  crossing  the  plane 
x  =  a/2  and  the  x  =  -a/2  is  the  same. 

Further,  the  positions  of  charges  with  respect  to 
x  =  a/2  and  z  =  a/2  are  the  same;  hence  the  flux 
through  the  planes  x  =  a/2  and  z  =  a/2  is  the  same 
Also,  by  symmetry,  the  flux  crossing  the  plan 
y  =  a/2  and  y  =  -a/2  is  the  same. 

17.  The  angular  momentum  about  O  is 

L0  =  Lcm  +  M(R  x  v) 


Its  magnitude  is  (•.•  R  _L  v)  and  Lcu  =  1(0 


L0=  Ico  +  MRv 


co  +  MR  x  Rco  (v  v  =  Rco) 


=  —  MRPco 
2 

=  -MR2  x(-)  =  -MRv 

2  \RJ  2 

Hence  the  correct  choices  are  (a)  and  (d). 


18.  The  displacement  equation  can  be  rewritten  as 

ABC 

x  =  —(1  -  cos2mt)  +  —(1  +  cos2©t)  +  — sin2©t 


1  1  C 

x  =  —  (A  +  B)  +  —  (B  -  A)cos2cot  +  y  sin2 cot  (l) 


Applying  Kirchhoff’s  loop  rule  to  loops  APQA, 
PSTQP  and  AQTBUVA,  we  get 


Choice  (a):  Equation  (1)  can  be  written  as 

x  =  x0  +  a  cos 2 cot  +  b  sin2 cot  (2) 
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where  x0  =  -(A  +  B),a  =  —(B-A) 

C 

and  b  =  —■ 

2 

Equation  (2)  can  be  recast  as 

x  =  x0  +  A0sin(2co  +  <f> )  (3) 

where  A0  =  (a2  +  b2)1/ 2  and  tan  </>  =  alb.  Equa¬ 
tion  (3)  represents  a  simple  harmonic  motion  of 
angular  frequency  2(0,  amplitude  =  x0  +  A0  and 
phase  constant  0. 

Choice  (b):  For  A  =  B  and  C  =  2 B,  Eq.  (1)  be¬ 
comes 

x  =  B  +  B  sin2  cot  =  B(  1  +  sin2  cot) 

This  equation  represents  a  simple  harmonic  mo¬ 
tion  of  amplitude  2 B  and  angular  frequency  2 co. 

Choice  (c):  For  A  =  - B  and  C  =  2 B,  Eq.  (1)  be¬ 
comes 

x  =  B  cos2  cot  +  B  sin2  cot 
which  represents  a  simple  harmonic  motion  of 
amplitude  yfl  B,  angular  frequency  2 co  and  phase 
constant  nl 4. 

Choice  (d):  For  A  =  B  and  C  =  0,  Eq.  (1)  reduces 
to 

x  =  A 

which  does  not  represent  simple  harmonic  motion. 
Hence  the  correct  choices  are  (a),  (b)  and  (c). 

19.  Let  nth  bright  fringe  of  wavelength  A„  and  the 
777th  bright  fringe  of  wavelength  Am  coincide  at  a 
distance  y  from  the  centre  of  the  screen.  Then 

nXnD  _  mhmD 
'V  d~  ~  d 
or  n  A„  =  777  A,„ 


750  777 

or  -  =  — 

450  7; 

or  —  =  — .  The  minimum  integral  values  of  m  and 
77  3 

77  that  satisfy  this  equation  are  m  =  5  and  ??  =  3. 
Therefore,  the  minimum  value  of  y  is 

7i  AD  3  x  750  x  10-9  x  1 


For  dark  fringes  to  coincide,  the  condition  is 


■•-HA 


2  d 


777  - 

2 


577  =  3777  +  1 


The  minimum  integral  values  which  satisfy  this 
condition  are  n  =  2  and  m  =  3.  Hence 


„-i]M 

2)  d 

2  -  ^  j  x  750  x  10-9  x  1 


103 

=  1.125  x 

0 

3 

=  1.125  mm 

The  correct  choices  are 

(a)  and  (d). 

he 

Work  function  W  =  hv0  =  — , 

A0 

where  A0  is 

threshold  wavelength.  Hence 

he 

he 

he 

1 

CO 

<N 

(A0)2 

(^0)3 

1 

1 

1 

a0)i 

(^0)2 

(^0)3 

=  0.001 

:  0.002 

:  0.004 

=  1:2 

:  4 

Hence  choice  (a)  is  correct.  In  photoelectric  emis¬ 
sion,  the  relation  between  V0  and  A  is  given  by 

he 

eV0=  hv  -W  = - W 

A 

hc(\\  W 


=  2.25  x  10  3  777  =  2.25  mm 


Vn=  ~  hr - 


Hence  the  slope  of  the  graph  between  V0  and  — 

A 

be  , 

is  —  which  is  the  same  for  all  metals.  Therefore, 
e 

choice  (c)  is  correct.  The  threshold  wavelength  for 
the  three  metals  are 

— -  =  0.001  nm  ',  therefore  (A0)[  =  1000  nm 

(^o)i 

=  10,000  A 

1  , 

———  =  0.002  nm  ,  therefore  (A0)2  =  500  nm 
(^0)2  "  . 

=  5,000  A 
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— -  =  0.004  nm  therefore  (A0) 

(^0)3 


=  250  nm 
=  2,500  A 


For  photoelectric  emission,  the  wavelength  of  the 
incident  radiation  must  be  less  than  the  threshold 
wavelength.  Since  the  wavelength  of  ultraviolet 
light  is  about  1200  A,  it  will  eject  photoelec¬ 
trons  from  all  the  three  metals.  Hence  the  correct 
choices  are  (a)  and  (d). 


21. 


Section  III 


The  loss  of  PE  when  the  body  falls  from  A  to  B 
=  Mg  x  OC  =  MgL  cos  9.  If  v  is  the  velocity  of 
the  body  at  B,  then 


1  ? 

-Mb2 

2 


MgL  cos  9  or  v2  =  2gL  cos  9  (1) 


v7  2gL  cos  9 
centripetal  acceleration  =  —  = - 


=  2g  cos  9, 

which  is  choice  (b). 

22.  The  centripetal  force  when  the  body  is  at  B  is 


Thus,  we  have 

Mv 2 

T  -  Mg  cos  9  =  (2) 

Using  (1)  in  (2),  we  get 
M 

T  -  Mg  cos  9=  —  x  2gL  cos  9  =  2  Mg  cos  9 


or  T  =  3  Mg  cos  9 

Thus  the  correct  choice  is  (c). 

23.  A  non-conducting  rigid  rod  having  equal  and  op¬ 
posite  charges  at  the  ends  is  an  electric  dipole. 
When  it  is  placed  in  a  uniform  electric  field,  it 
experiences  a  torque  which  tends  to  align  it  with 
the  field  lines.  The  electric  forces  F  =  qE  each 
acting  at  A  and  B  constitute  a  couple  whose  torque 
is  given  by 

T  =  force  x  perpendicular  distance 


=  F  x  AC  =  F  x  AB  sin  9  =  qEL  sin  9 


So  the  correct  choice  is  (a). 


Since  9  is  small,  sin  9-9,  where  9  is  expressed 
in  radian.  Thus  r  =  qEL  9 

Restoring  torque  T  =  -qEL 9  (1) 

If  a  is  the  angular  acceleration  of  the  rotatory 
motion, 

T=  la 

where  /  is  the  moment  of  inertia  of  the  two  masses 
at  A  and  B  about  an  axis  passing  through  the  centre 
O  and  perpendicular  to  the  rod.  Since  the  rod  is 
massless, 

1=  Mx  (AO)2  +  Mx  (BO)2 


ML2 

~2~ 


Thus 


ML2a 

T  =  - 

2 


Using  Eq.  (2)  in  Eq.  (1),  we  get 


(2) 


a  = 


9  =  -a>29 


where 


co  = 


which  is  choice  (b). 


24.  The  time  period  of  oscillation  is 

2k  „  (  ML  V/: 

T=  —  =  2n\ - 

co  \2qE 


Rotating  in  the  clockwise  sense,  the  minimum 
time  taken  by  the  rod  to  align  itself  parallel  to 
the  electric  field  is  the  time  it  takes  to  complete 
one-fourth  of  angular  oscillation,  i.e. 


hnin  ^  - 


T  nf  ML 
2\2qE 


So  the  correct  choice  is  (a). 


Section  IV 


25.  The  correct  choice  is  (a).  The  line  AB  is  parallel 
to  the  P-axis.  This  means  that  PVIT  is  a  constant, 
independent  of  pressure.  Hence  line  AB  corre¬ 
sponds  to  an  ideal  gas  for  which  PV/T  =  constant. 
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At  higher  temperatures,  a  real  gas  behave  more 
like  an  ideal  gas.  Hence  Tx  is  greater  than  T2. 

26.  The  correct  choice  is  (d).  The  law  of  conservation 
of  linear  momentum  gives 


mxvx  +  m2v 2  =  0  or 


m2v2 


mlvl 


=  1.0 


Since  de  Broglie  wavelength  A  =  hlmv,  we  will 
have 


29.  From  Wien’s  displacement  law  Xm  T  =  constant, 
we  have 


K  TA  ~ 

J-  R  h  A 


From  Stefan’s  law,  E  =  oA-T4  =  c(4  jcR2)  T4,  we 
have 


Ea 

eb 


f  R  \2 
nA 

V  RB  J 


X 


\tb) 


A, 


m2v2 


=  1.0 


A,  mxVx 

Section  V 

27.  Magnetic  field  at  P  due  to  complete  cylinder  is 


B  i  = 


lxQ{Jna2) 


n0Ja 


2  na  2 

Magnetic  field  at  P  due  to  cavity  is 


H0{Jna  / 4)  [i0Ja 
'2  ~  " 


2  n 


(  3a  A 

l  yj 


12 


Net  magnetic  field  at  P  is 

B  =  B  -  B  ~  - °Ja  - °Ja  ~  5f*°Ja 
1  2  2  12  12 

which  gives  N  =  5. 

28.  Given  Mx  =  2.2  Ms  and  M2=  11  Ms.  Let  Rx  and 
R2  be  their  respective  distances  from  the  centre 
of  mass.  The  total  angular  momentum  about  the 
centre  of  mass  is 

Aotal  =  ih  +  h)  ® 

and  the  angular  momentum  of  B  is 
L2  —  I2  co 

E. 


■^tatal 


h  +  ^2  =  y  +  — 


M\R\ 

mTM 

Mx  v\ 

M2  v\ 

f  Mi  pt  a2 

V  M  2  v2  j 

=  1  + 1  x  —  =  6 
2.2 


=  1  +  - 


=  1  + 


=  1  + 


(y  v-  Ra>) 


M , 


M, 


(•••  Mxvx=  M2  v2) 


f 

V 


R , 


R 


B  J 


2 


X 


(  1  \4 


=  9 

Section  VI 


30.(a)  Process  A  — »  B  is  isobaric.  Hence  V  T.  There¬ 
fore  Ta  >  Tb.  A U  =  nC\,AT  =  nCv(TB  -  T A).  Since 
Tb  <  ta,  AU  is  negative,  i.e.  internal  energy  de¬ 
creases. 

A Q  =  nCpAT  is  also  negative.  Hence  heat  is  lost 
AW  =  2>P{Vb  -  VA)  =  -6PV.  Which  is  negative. 
Hence  work  is  done  on  the  gas. 

•••  (a)  (p,  r,  t) 

(b)  Process  B  — »  C  is  isobaric.  Hence  f  «  f.  There¬ 
fore  Tb  >  Tc.  AU  =  nCvAT  =  nCv{Tc  -  TB)  is 
negative,  i.e.  internal  energy  decreases. 

AW=  PAV=  0 

(v  AV  =  0) 

From  first  law  of  thermodynamics  (A Q  =  A  U  + 
AW),  A Q  =  AU.  Since  AU  is  negative,  heat  is  lost. 
•••  (b)  — >  (p,  r) 

(c)  Process  C  — >  D  is  isobaric,  i.e.  V  x  T.  Hence 
Td  >  Tc.  AU  =  nCv(TD  -  Tc)  is  positive.  Hence 
internal  energy  increases. 

A Q  =  nCp(TD  -  Tc)  is  positive.  Hence  heat  is 
gained  by  the  gas. 

•••  (c)  -»  (q,  s) 

(d)  In  process  D  — >  A,  the  gas  is  returned  to  the  ini¬ 
tial  state  A.  Hence  AU  =  0.  Therefore  A Q  =  AW. 
Since  the  gas  is  compressed,  work  is  done  on  the 
gas,  i.e.  AW  is  negative.  Hence  A Q  is  negative. 
Hence  heat  is  lost  by  the  gas. 

•••  (d)-»(r,  t) 

Answer:  (a)  — »  (p,  r,  t)  (b)  -»  (p,  r) 

(c)->  (q,  s)  (d)  — >  (r,  t) 
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SECTION  I 

(Single  Correct  Answer  Type) 

This  section  contains  13  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  is  correct. 


1.  In  the  determination 
4MLg\ 


Y  = 


n(d~ 


of  Young’s  modulus 
by  using  Searle’s  method,  a  wire  of 


2. 


length  L  =  2  m  and  diameter  d  =  0.5  mm  is  used. 
For  a  load  M=  2.5  kg,  an  extension  l  =  0.25  mm 
in  the  length  of  the  wire  is  observed.  Quantities 
d  and  £  are  measured  using  a  screw  gauge  and  a 
micrometer,  respectively.  They  have  same  pitch  of 
0.5  mm.  The  number  of  divisions  on  their  circular 
scale  is  100.  The  contributions  to  the  maximum 
probable  error  of  the  Y  measurement. 

(a)  due  to  the  errors  in  the  measurement  of  d  and  l 
are  the  same. 

(b)  due  to  the  error  in  the  measurement  of  d is  twice 
that  due  to  the  error  in  the  measurement  of  l. 

(c)  due  to  the  error  in  the  measurement  of  l  is  twice 
that  due  to  the  error  in  the  measurement  of  d. 

(d)  due  to  the  error  in  the  measurement  of  d  is  four 
times  that  due  to  the  error  in  the  measurement 
of  l. 

A  mixture  of  2  moles  of  helium  gas  (atomic  mass 
=  4  amu)  and  1  mole  of  argon  gas  (atomic  mass 
=  40  amu)  is  kept  at  300  K  in  a  container.  The 


ratio  of  the  rms  speeds 


z^rms  (helium) 
V  ^rms  (argon) 


IS 


4.  A  ball  of  mass  (m)  0.5  kg  is  attached  to  the  end 
of  string  having  ( L )  0.5  m.  The  ball  is  rotated  on 
a  horizontal  circular  path  about  vertical  axis.  The 
maximum  tension  that  the  string  can  bear  is  324  N. 
The  maximum  possible  value  of  angular  velocity 
of  ball  (in  radian/s)  is 


L 


m 

(a)  9  (b)  18 

(c)  27  (d)  36 

5.  A  ball  of  mass  0.2  kg  rests  on  a  vertical  post  of 
height  5  m.  A  bullet  of  mass  0.01  kg,  travelling 
with  a  velocity  V  m/s  in  a  horizontal  direction, 
hits  the  centre  of  the  ball.  After  the  collision,  the 
ball  and  bullet  travel  independently.  The  ball  hits 
the  ground  at  a  distance  of  20  m  and  the  bullet 
at  a  distance  of  100  m  from  the  foot  of  the  post. 
The  velocity  V  of  the  bullet  is 

Or . 


(a)  0.32  (b)  0.45 

(c)  2.24  (d)  3.16 

3.  Two  large  vertical  and  parallel  plates  having  a 
separation  d  are  connected  to  a  battery  of  voltage 
V.  A  particle  of  charge  q  is  released  at  rest  between 
the  two  plates.  It  is  found  to  move  at  an  angle  9 
to  the  vertical  just  after  release.  Then  V  is  given 
by 

mgd  sin0  mgd  cos  0 

(a)  -  (b)  - 

q  q 


mgd  tan  0 
(c)  - 


(d) 


mgd 

q 


_ i _ i _ : _ i _ 

0  20  100 

(a)  250  m/s  (b)  250  m/s 

(c)  400  m/s  (d)  500  m/s 

6.  A  wooden  block  performs  SHM  on  a  frictionless 
surface  with  frequency,  v0.  The  block  carries  a 
charge  +Q  on  its  surface.  If  now  a  uniform  electric 
field  E  is  switched-on  as  shown  in  the  figure  then 
the  SHM  of  the  block  will  be 
(a)  of  the  same  frequency  and  with  shifted  mean 
position. 
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(b)  of  the  same  frequency  and  with  the  same  mean 
position. 

(c)  of  changed  frequency  and  with  shifted  mean 
position. 

(d)  of  changed  frequency  and  with  the  same  mean 
position. 


7.  In  the  network  shown  in  the  figure,  each  capaci¬ 
tor  has  capacitance  C.  The  equivalent  capacitance 
between  A  and  B  is 


A 


C 


B 


(a)  C 


(c) 


4C 

3 


(b) 

(d) 


2C 

3 

5C 

3 


8.  An  infinitely  long  hollow  conducting  cylinder 
with  inner  radius  R/2  and  other  radius  R  carries 
a  uniform  current  density  along  its  length.  The 
magnitude  of  the  magnetic  field,  \b\  as  a  func¬ 
tion  of  the  radial  distance  r  from  the  axis  is  best 
represented  by 


9.  A  student  is  performing  the  experiment  of  reso¬ 
nance  column.  The  diameter  of  the  column  tube  is 
4  cm.  The  frequency  of  the  tuning  fork  is  5 1 2  Hz. 
The  air  temperature  is  38°C  in  which  the  speed 
of  sound  is  336  m/s.  The  zero  of  the  meter  scale 
coincides  with  the  top  end  of  the  Resonance 
Column  tube.  When  the  first  resonance  occurs, 
the  reading  of  the  water  level  in  the  column  is 
(a)  14.0  cm  (b)  15.2  cm 

(c)  16.4  cm  (d)  17.6  cm 

10.  Young’s  double  slit  experiment  is  carried  out  by 
using  green,  red  and  blue  light,  one  colour  at  a 
time.  The  fringe  widths  recorded  are  j8g,  /iR  and 
PB  respectively.  Then, 

(a)  Pg  >  Pb  >  Pr  (b)  Pb>  Pg>  Pr 

(c)  Pr  >  Pb  >  Pg  (d)  Pr>  Pg>  Pb 

11.  A  loop  carrying  current  /  lies  in  the  x-y  plane  as 
shown  in  the  figure.  The  unit  vector  k  is  coming 
out  of  the  plane  of  the  paper.  The  magnetic  mo¬ 
ment  of  the  current  loop  is 


y 


(a)  a2 Ik  (b)  jj^  +  lja2//t 

(c)  -{?-  +  \^a2Ik  (d)  (2n  +  X)a2 Ik 

12.  A  small  block  is  connected  to  one  end  of  a  mass¬ 
less  spring  of  un-stretched  length  4.9  m.  The  other 
end  of  the  spring  (see  the  figure)  is  fixed.  The  sys¬ 
tem  lies  on  a  horizontal  ffictionless  surface.  The 
block  is  stretched  by  0.2  m  and  released  from  rest 
at  t  =  0.  It  then  executes  simple  harmonic  motion 
with  angular  frequency  CO  =  n/3  rad/s.  Simultane¬ 
ously  at  /  =  0,  a  small  pebble  is  projected  with 
speed  v  from  point  P  at  an  angle  of  45°  as  shown 
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in  the  figure.  Point  P  is  at  a  horizontal  distance  of 
1 0  m  from  O.  If  the  pebble  hits  the  block  at  t  =  1  s, 
the  value  of  v  is  (take  g  =  10  m/s2) 
z 


O' 


■10m 


(a)  V50  tu / st  (b)  Vm  m/s 

(c)  V52  tu/s  (d)  ^53  m/s 

13.  A  small  mass  m  is  attached  to  a  massless  string 
whose  other  end  is  fixed  at  P  as  shown  in  the 
figure.  The  mass  is  undergoing  circular  motion  in 
the  x-y  plane  with  centre  at  O  and  constant  angular 
speed  co.  If  the  angular  momentum  of  the  system, 


calculated  about  O  and  P  are  denoted  by  L0  and 
LP  respectively,  then 


(a)  L0  and  Lp  do  not  very  with  time. 

(b)  L0  varies  with  time  while  Lp  remains  con¬ 
stant. 

(c)  L0  remains  constant  while  LP  varies  with 
time. 

(d)  L0  and  Lp  both  vary  with  time. 


SECTION  II 

(Multiple  Correct  Answer  Type) 

This  section  contains  7  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which  ONE 
or  MORE  are  correct. 


14.  Consider  the  motion  of  a  positive  point  charge  in  a 
region  where  there  are  simultaneous  uniform  elec¬ 
tric  and  magnetic  fields  E  =  Ett  j  and  B  =  B0j  . 
At  time  t=  0,  this  charge  has  velocity  v  in  x-y  plane, 
making  an  angle  9  with  the  x-axis.  Which  of  the 
following  option(s)  is(are)  correct  for  time  t  >  0? 

(a)  If  9=  0°,  the  charge  moves  in  a  circular  path  in 
the  x-z  plane. 

(b)  If  9=  0°,  the  charge  undergoes  helical  motion 
with  constant  pitch  along  the  y-axis. 

(c)  If  9=  10°,  the  charge  undergoes  helical  motion 
with  its  pitch  increasing  with  time,  along  the 
y-axis. 

(d)  If  9  =  90°,  the  charge  undergoes  linear  but  ac¬ 
celerated  motion  along  the  y-axis. 

15.  A  person  blows  into  open-end  of  a  long  pipe.  As 
a  result,  a  high  pressure  pulse  of  air  travels  down 
the  pipe.  When  this  pulse  reaches  the  other  end 
of  the  pipe, 

(a)  a  high-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  open. 

(b)  a  low-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  open. 

(c)  a  low-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  closed. 


(d)  a  high-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  closed. 

16.  In  the  given  circuit,  the  AC  source  has  (O  =  100 
rad/s.  Considering  the  inductor  and  capacitor  to 
be  ideal,  the  correct  choice(s)  is  (are) 

(a)  The  current  through  the  circuit,  /  is  0.3  A. 

(b)  The  current  through  the  circuit,  /  is  0.3  JlA  . 

(c)  The  voltage  across  100  Q.  resistor  =  10  x/2V  . 

(d)  The  voltage  across  50  Q  resistor  =  10  V. 


1 00  jxF  -loon 

—I  I - WW 


0  5  5012 

L/TSTSTP - VWV 


20  V 


17.  Six  point  charges  are  kept  at  the  vertices  of  a 
regular  hexagon  of  side  L  and  centre  O,  as  shown 

in  the  figure.  Given  that  K  =  — - - %  ,  which  of 

4tt£0  1} 

the  following  statement(s),  is  (are)  correct? 
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F~* - L - *-  E 

+  q  -  -q 

/  '  /  \ 


A  / 
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\  D 

+  2q  \ 

0/ 

p> 

\ 

R  \ 

/ 

/-2q 
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(a)  The  electric  field  at  O  is  6 K  along  OD. 

(b)  The  potential  at  O  is  zero. 

(c)  The  potential  at  all  points  on  the  line  PR  is 
same. 

(d)  The  potential  at  all  points  on  the  line  ST  is 
same. 

18.  Two  solid  cylinders  P  and  Q  of  same  mass  and 
same  radius  start  rolling  down  a  fixed  inclined 
plane  from  the  same  height  at  the  same  time.  Cyl¬ 
inder  P  has  most  of  its  mass  concentrated  near  its 
surface,  while  Q  has  most  of  its  mass  concentrated 
near  the  axis.  Which  statement(s)  is  (are)  correct? 

(a)  Both  cylinders  P  and  Q  reach  the  ground  at  the 
same  time. 

(b)  Cylinders  P  has  larger  acceleration  than  cylin¬ 
der  Q. 


(c)  Both  cylinders  reach  the  ground  with  same 
translational  kinetic  energy. 

(d)  Cylinder  Q  reaches  the  ground  with  larger  an¬ 
gular  speed. 

19.  A  current  carrying  infinitely  long  wire  is  kept 
along  the  diameter  of  a  circular  wire  loop,  without 
touching  it,  the  correct  statement(s)  is  (are) 

(a)  The  emf  induced  in  the  loop  is  zero  if  the  cur¬ 
rent  is  constant. 

(b)  The  emf  induced  in  the  loop  is  finite  if  the  cur¬ 
rent  is  constant. 

(c)  The  emf  induced  in  the  loop  is  zero  if  the  cur¬ 
rent  decreases  at  a  steady  rate. 

(d)  The  emf  induced  in  the  loop  is  infinite  if  the 
current  decreases  at  a  steady  rate. 

20.  Two  spherical  planets  P  and  Q  have  the  same  uni¬ 
form  density  p,  masses  MP  and  M0  and  surface  ar¬ 
eas  A  and  4A  respectively.  A  spherical  planet  R  also 
has  uniform  density  p  and  its  mass  is  ( MP  +  M0). 
The  escape  velocities  from  the  planets  P,  Q  and 
R  are  VP,  Vq  and  VR,  respectively.  Then 

(a)  Vg>  VR>  VP  (b)  VR>VQ>VP 

(c)  VR/V p  =  3  (d -)  VP/VQ=\ 


SECTION  III 
(Paragraph  Type) 

This  section  contains  4  multiple  choice  questions  based  on  two  paragraphs.  Each  question  has  four  choices  (a),  (b),  (c) 
and  (d)  out  of  which  only  ONE  is  correct. 


Questions  21  and  22  are  based  on  the 
following  paragraph. 

The  ft- decay  process,  discovered  around  1900,  is  ba¬ 
sically  the  decay  of  a  neutron  («).  In  the  laboratory, 
a  proton  (p)  and  an  electron  (e~)  are  observed  as  the 
decay  product  of  the  neutron.  Therefore,  considering 
the  decay  of  a  neutron  as  a  two-body  decay  process,  it 
was  predicted  theoretically  that  the  kinetic  energy  of  the 
electron  should  be  a  constant.  But  experimentally,  it  was 
observed  that  the  electron  kinetic  energy  has  continuous 
spectrum.  Considering  a  three-body  decay  process,  i.e. 
n  — >  p  +  e~  +  ve,  around  1930,  Pauli  explained  the 
observed  electron  energy  spectrum.  Assuming  the  anti¬ 
neutrino  (ve)  to  be  massless  and  possessing  negligible 
energy,  and  the  neutron  to  be  at  rest,  momentum  and 
energy  conservation  principles  are  applied.  From  this 


calculation,  the  maximum  kinetic  energy  for  the  electron 
is  0.8  x  106  eV,  The  kinetic  energy  carried  by  the  proton 
is  only  the  recoil  energy. 

21.  What  is  the  maximum  energy  of  the  anti-neutrino? 

(a)  Zero 

(b)  Much  less  than  0.8  x  106  eV 

(c)  Nearly  0.8  x  106  eV 

(d)  Much  larger  than  0.8  x  106  eV 

22.  If  the  anti-neutrino  had  a  mass  of  3  eV/c"  (where 
c  is  the  speed  of  light)  instead  of  zero  mass,  what 
should  be  the  range  of  the  kinetic  energy,  K,  of 
the  electron? 

(a)  0  <  Ai<  0.8  x  106  eV 

(b)  3.0  eV<K<  0.8  x  106eV 

(c)  3.0  eV  <  AT<  0.8  x  106eV 

(d)  0  <  Ai<  0.8  x  106  eV 
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Questions  23  and  24  are  based  on  the 
following  paragraph. 

Most  materials  have  the  refractive  index,  n  >  1 .  So, 
when  a  light  ray  from  air  enters  a  naturally  occurring 


material,  then  by  Snell’s  law, 


sin  0] 
sin07 


=  — ,  it  is  under¬ 


stood  that  the  refracted  ray  bends  towards  the  nonnal. 
But  it  never  emerges  on  the  same  side  of  the  normal  as 
the  incident  ray.  According  to  electromagnetism,  the 
refractive  index  of  the  medium  is  given  by  the  relation, 

n  =  f— 1  =  ±^£rjjLr  where  c  is  the  speed  of  electromag¬ 


netic  waves  in  vacuum,  v  its  speed  in  the  medium,  er, 
and  Hn  are  relative  permittivity  and  penneability  of  the 
medium  respectively. 

In  normal  materials,  and  fir,  are  positive,  imply¬ 
ing  positive  n  for  the  medium.  When  both  er  and  fir, 
are  negative,  one  must  choose  the  negative  root  of  n. 
Such  negative  refractive  index  materials  can  now  be 
artificially  prepared  and  are  called  meta-materials.  They 
exhibit  significantly  different  optical  behaviour,  without 
violating  any  physical  laws.  Since  n  is  negative,  it  re¬ 
sults  in  a  change  in  the  direction  of  propagation  of  the 
refracted  light.  However,  similar  to  normal  materials,  the 
frequency  of  light  remains  unchanged  upon  refraction 
even  in  meta-materials. 


23.  For  light  incident  from  air  on  a  meta-material,  the 
appropriate  ray  diagram  is 


24.  Choose  the  correct  statement. 

(a)  The  speed  of  light  in  the  meta-material  is 
v  =  c\n\ 

(b)  The  speed  of  light  in  the  meta-material  is 

_  c 
\n\ 

(c)  The  speed  of  light  in  the  meta-material  is  v  =  c. 

(d)  The  wavelength  of  the  light  in  the  meta-mate¬ 
rial  (A,„)  is  given  by  A„,  =  Aair  \n\.  where  Aair  is 
wavelength  of  the  light  in  air. 


SECTION  IV 
(Assertion-Reason  Type) 

This  section  contains  2  questions.  Each  question  has  statement- 1  followed  by  statement-2.  Only  one  of  the  following 


four  choices  (a),  (b),  (c)  and  (d)  is  correct. 

(a)  Statement- 1  is  true,  statement-2  is  true  and  is 
the  correct  explanation  of  statement- 1 . 

(b)  Statement- 1  is  true  and  statement-2  is  true  but 
is  not  the  correct  explanation  of  statement- 1. 

(c)  Statement- 1  is  true  but  statement-2  is  false. 

(d)  Statement- 1  is  false  but  statement-2  is  true. 


25.  Statement-1 

A  sphere  is  rolling  on  a  rough  surface  in  the  di¬ 
rection  of  the  arrow  as  shown  in  the  figure.  The 
force  of  friction  at  the  point  of  contact  will  be  in 
the  direction  of  the  arrow. 
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Statement-2 

Friction  opposes  motion. 

26.  Statement-1 

No  induced  emf  is  developed  across  the  ends  of  a 
conductor  if  it  is  moved  parallel  to  a  magnetic  field. 

Statement-2 

No  force  acts  on  the  free  electrons  of  the  conductor. 


SECTION  V 
(Integer  Answer  Type) 

This  section  contains  3  questions.  The  answer  to  each  question  is  single  digit  integer  ranging  from  0  to  9 
(both  inclusive) 


27.  A  proton  is  fired  from  very  far  away  towards  a 
nucleus  with  charge  Q  =  120e,  where  e  is  the 
electronic  charge.  It  makes  a  closest  approach  of 
10  frn  to  the  nucleus.  The  de  Broglie  wavelength 
(in  units  of  frn)  of  the  proton  at  its  start  is:  (take 
the  proton  mass,  mp  =  (5/3)  x  10~27  kg:  h/e  =  4.2  x 

10-15  J.s/C;  — 1 —  =  9  x  109  m/F:  1  fm  =  10“15  m) 
4tt£0 

28.  A  lamina  is  made  by  removing  a  small  disc  of 
diameter  2 R  from  a  bigger  disc  of  uniform  mass 
density  and  radius  2 R,  as  shown  in  the  figure. 
The  moment  of  inertia  of  this  lamina  about  axes 
passing  though  O  and  P  is  IQ  and  IP  respectively. 
Both  these  axes  are  perpendicular  to  the  plane  of 
the  lamina.  The  ratio  IPH0  to  the  nearest  integer  is 


29.  A  cylindrical  cavity  of  diameter  a  exists  inside  a 
cylinder  of  diameter  la  shown  in  the  figure.  Both 
the  cylinder  and  the  cavity  are  infinitely  long.  A 
uniform  current  density  J  flows  along  the  length. 
If  the  magnitude  of  the  magnetic  field  at  the  point 

P  is  given  by  —  u  aj  ,  the  value  of  N  is 
12™ 


SECTION  VI 
(Matrix  Match  Type) 


30.  In  Column  I  are  listed  some  charged  bodies  and  current  carrying  conductors.  Match  them  with  the  effects 


they  produce  listed  in  column  II 

Column  I 

(a)  A  uniformly  charged  stationaiy  ring 

(b)  A  uniformly  charged  ring  rotating 

(c)  A  coil  carrying  a  current  I  =  I0  sin  co 

(d)  A  wire  carrying  a  constant  current 


Column  II 

(p)  Electric  field 

(q)  Magnetic  field 

(r)  Magnetic  moment 

(s)  Induced  electric  field 
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Answers 

Section-I 

1. 

(a) 

2.  (d) 

3. 

(a) 

4. 

(d) 

5.  (d) 

6. 

(a) 

7. 

(d) 

8.  (d) 

9. 

(b) 

10. 

(d) 

11.  (b) 

12. 

(a) 

13. 

(c) 

Section-II 

14. 

(c), 

(d) 

15.  (b),  (d) 

16. 

(a), 

(c) 

17.  (a),  (b),  (c) 

18. 

(d) 

19.  (a),  (c) 

20. 

(b),  (d) 

Section-Ill 

21. 

(c) 

22.  (d) 

23. 

(c) 

24. 

(b) 

Section-IV 

25. 

(a) 

26.  (a) 

Section-V 

27. 

(7) 

28.  (3) 

29. 

(5) 

Section-VI 

30. 

(a) 

-»  (P),  (b)  ->  (p),  (q), 

(r), 

(c)  -4  (p),  (r),  (s),  (d)  ->  (q) 

Solutions 

Section-I 

,  T  0.5  mm  „ 

1.  Least  count  ot  screw  gauge  = -  =  0.005  mm. 

100 

Since  Mand  L  are  fixed  and  g  is  constant,  AM=  0, 
A L  =  0  and  A g  =  0.  Hence 

AT  _  A£  2 Ad 
Y  ~  £  d 


A  l  0.005  mm 


=  0.02 


£  0.25  mm 

2  Ad  2  x  0.005  nun 


0.5  nun 


=  0.02 


v  — 

rms 


art 


M 

helium)  _  \M ^ 
^rms  (argon)  \  MHe 

_  QR  qE 
3.  tan 0  =  —  =  — 

PQ  mg 

mg  land 
=>  E  — - 

? 


—  =  >/lO  =  3.16 
4 


Also  E  =  —  ■  Hence 
d 

V  _  mg  tan  0 
~d~ 


(+) 


(-) 


V  = 


q 

mgd  tan  6 

q 


4.  Radius  of  the  circular 
path  is  BC  =  r  =  L  sin0, 
where  L  =AB  is  the  length 

of  the  string.  The  vertical  component  T  cos 6 
of  tension  T  balances  with  the  weight  mg  and 
the  horizontal  component  T  sin0  provides  the 
necessary  centripetal  force  for  circular  motion. 
Hence 


T  sin  6  =  mror  =  m(L  sin  Q)or 
T  =  mLht 

T  j !  J I  (i\~ 

*  max  '  max 

324  =  0.5  x  0.5  x  ®2max 
=  36  rad  s_1 


5.  Time  of  flight  (tj) 


2x5 

"uT 


=  Is 


Horizontal  range  ( R )  =  horizontal  velocity  x  time 
of  flight 

.•.  Horizontal  velocities  of  the  bullet  and  of  the 
ball  after  the  collision  respectively  are 

Wbuiiet  =  ^  =  100  ms-1 

(P)baii  =  —  =  20  ms-1 

1 
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From  conservation  of  momentum, 

Total  initial  momentum  =  total  final  momentum 

^  (W)bullet  X  J  =  (777)bullet  X  (l7)bullet  +  (777)ball  X 

(l7)ball 

=>  0.01  V  =  0.01  x  100  +  0.2  x  20 

=>  F=  500  ms-1 

6.  The  force  exerted  on  charge  +Q  by  the  electric 
field  is  E  is 

F  =  QE 

in  the  direction  of  E .  Since  F  is  constant,  a 
constant  force  is  added  to  the  applied  force.  Flence 
only  the  mean  position  will  change  and  the  fre¬ 
quency  of  oscillation  will  remain  the  same. 

7.  The  circuit  can  be  redrawn  as  follows. 


OP  =  ~,  OQ  =  R ,  OS  =  r, 

2 

Inside  the  cavity  (i.e.  for  r  lying  between  zero 

and  -);  B  =  0 
2 


=  la1  \  1  +  —1  k 
2  _ 

— ^  /V 

The  direction  of  area  vector  A  is  along  k . 

12.  When  the  pebble  hits  the  block,  the  distance  trav¬ 
elled  by  the  pebble  (Sp)  =  distance  travelled  by 
the  block  (Sh). 

Sp  =  4.9  +  0.2  cos  cot 
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=  4.9  +  0.2  cos 


(•••  t-  Is) 


=  4.9  +  0.2  x  I  =  5.0  m 


Sb  =  10  horizontal  range 


=  10 


v2  sin(20) 
S 


=  10- 


y2sin(90°) 

10 


(v  9  =  45°) 


g 

Now  Sb  =  Sp,  Therefore, 

v2  . 

10 - =  5.0  =>  v2  =  50 

g 


=>  v  =  V50  ms 
T  cos  9  =  mg 


So  T  cos  9  balances  with  weight  mg.  T  sin  9  pro¬ 
duces  no  torque  about  O  but  produces  a  non-zero 
torque  about  P.  Now 


L-Ico  and 


T  =  I  oc  = 


jdco 

dt 


Since  torque  about  O  is  zero,  — —  =  0,  i.e.  CO  = 

dt 

constant.  Hence  angular  momentum  L  about  O 

is  constant.  But  torque  about  P  is  non-zero.  Hence 

— ^ 

0,  i.e.  (O  changes  with  time.  Hence  L  about 
dt 

P  varies  with  time. 


Section-II 

14.  Force  on  charge  q  due  to  electric  field  is  Fe=qE . 
Since  E  is  along  +y  direction  and  q  is  positive, 
the  charge  will  accelarate  along  the  7-axis. 

Force  on  charge  q  due  to  magnetic  field  is 
=  Fm  =  q(v  x  B )  which  is  perpendicular  to  both 

v  and  B .  If  9  =  90°,  v  will  be  parallel  to  B 
(which  is  along  7-axis),  Fm  =  0  and  the  charge 
will  accelerate  along  the  7-axis  due  to  the  electric 
field.  If  9  lies  between  zero  and  90°,  the  path  is 
a  helix  with  increasing  pitch  along  the  7-axis  due 
to  electric  field  E . 

15.  When  a  compression  reaches  the  open  end  of  a 
pipe,  it  is  reflected  as  a  rarefaction  due  to  openness 
of  the  medium  just  outside  the  open  end.  There  is 
no  reversal  of  amplitude  of  the  pressure  wave  on 
reflection  at  the  open  end.  But  when  a  compression 
reaches  the  closed  end  of  a  pipe,  it  is  reflected  as 
a  compression  due  to  reversal  of  the  amplitude  of 
the  pressure  wave  on  reflection  at  the  closed  end. 
Hence  the  correct  choices  are  (b)  and  (d). 

16.  C  =  100  (iF  R1  =  100  Q 

rr* — I  I - A/VVV - 1 


L  =  0.5  H  R2  =  50  Q 

— ww 

1 2 


V 


XC 


1 

coC 


- -  =  100  Q 

100  x  100  x  10-6 


XL  =  coL  =  100  x  0.5  =  50  Q 

Since  Xc  =  Rx,  current  7)  leads  V  by  45°.  Since 
XL  =  R2,  current  I2  lags  behind  V  by  45°.  So  the 
phase  difference  between  7)  and  I2  is  0  =  90°. 


7,  = 


V 


20 


and  7,= 


1  V x2c+R 12  V(100)2  +  (100)2 

V  20 


^X2l+R2_  V(50)2  +  (50)2 


=  —A 
5 


7  = 


V 


VI 


V  10  7 


+ 


V2 


V  5  J 


V2 

10 


A 


+  1 2 

=  VoT  =  0.316 
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=  0.3  A  (up  to  appropriate  significant 
figure) 

P.D.  across  R,  =  LR ,  =  —  x  100  =  10^2  V 

10 

P.D.  across  R2  =  /,/?,  =  —  x  50  =  10  V2  V 

5 


17. 


F+ 

+  q*- 


--*-q 


2¥ 


*4< 


\/\60°  2E2\d 

°/ V60°  ^  /_2q 


\2£i  / 


e  •- 
+  q 


-*c 

-q 


£■,  =  electric  field  at  (9  due  to  -q  at 
E  directed  from  0  to  E 

=  electric  field  at  0  due  to  +q  at 
B  directed  from  0  to  E. 

=  1  1 
4tT£0  I2 

E2  =  electric  field  at  0  due  to  +  2g  at 
A  directed  from  0  to  D 

=  electric  field  at  0  due  to  -q  at 
D  directed  from  0  to  D 

1  2  q 

4  7T£0  Z? 


The  net  electric  field  at  0  is 

E  =  2El  cos  60°  +  2El  cos  60°  +  2E2 
=  Ei  +  E\  +  2E2 
=  2Zs,  +  2E2 

12  q  14  q 
47T£0  L2  4 7t£0  L2 

6  2  q 

= - y  along  OD 

4  7I£0  Z,2 


So  choice  (a)  is  correct. 
Net  potential  at  0  is 


a  = 


g  sin  6 


1  + 


MR - 


where  I  is  the  moment  of  intertia  of  the  body  about 
its  centre  of  mass.  Therefore, 


Clp 


gsin0 


MR~ 


and 


an  = 


gsin0 


1  +  - 


MR~ 


Since  cylinder  P  has  most  of  its  mass  concentrated 
near  its  surface  and  Q  has  most  of  its  mass  con¬ 
centrated  near  its  axis,  IP  >  Ia.  Hence 

Clp  <  Ct/~i 


CCp  ^  CCq 


(v  a  =  Ra ) 

Since  co2  =  02  -  2a  (0);  here  6  =  angular  displace- 
1  2  ■ 

ment  and  0  =  —  at  ,  it  follows  that  coP  <  coQ.  So 

the  only  correct  choice  is  (d). 

19.  The  magnetic  field  above  the  wire  is  directed  out 
of  the  plane  of  the  loop  and  below  the  wire  into 
the  plane  of  the  loop.  Hence  the  net  magnetic 
flux  through  the  loop  is  zero.  Therefore,  the  emf 
induced  in  the  loop  is  zero,  irrespective  of  whether 
the  current  is  changing  or  not  changing.  Hence  the 
correct  choices  are  (a)  and  (c). 


20.  Let  M  be  the  mass  of  planet  P  and  R  its  radius. 

An  i 

Then  Mass  of  P  is  M  =  p  x  — R 5 

3 


4tT£0Z,  47t£0L  47T£0Z,  4tt£0Z, 

2<z  2<?  _  Q 

47T£0Z,  AkEqL 

18.  The  linear  acceleration  of  a  body  of  mass  M  and 
radius  R  rolling  down  an  inclined  plane  of  inclina¬ 
tion  9  is  given  by 


Mass  of  Q  is 


PX 


8 M(y  surface  area 


of  Q  =  4  times  that  of  P,  therefore  radius  of  Q  =  2 
(radius  of  P)  2 R 

Mass  of  R  =  mass  of  P  +  mass  of  O  =  M  +  8 M 
=  9  M 

Radius  of  R  =  9  mR 
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The  escape  velocities  of  P,  O  and  R  are 


VQ  = 


2GxSM 


R 


Vr  = 


2Gx9M 

9inR 


Vr>Vq>  vp 


=  2  Vp 
=  9 1/3  Vp 


Also  Vf 


2 


Section-III 

21.  The  mass  of  a  proton  is  very  large  compared  to 
electron  and  antineutrino.  So  all  the  energy  is 
shared  by  the  electron  and  anti-neutrino.  When  the 
kinetic  energy  of  anti-neutrino  is  zero,  the  maxi¬ 
mum  kinetic  energy  of  electron  is  0.8  x  106  eV 
and  vice  versa.  Hence  the  total  kinetic  energy  of 
electron  +  anti-neutrino  is  0.8  x  106  eV. 

22.  If  the  anti-neutrino  has  a  mass  m  =  3  eV/c2,  it 
will  have  kinetic  energy  =  me 2  =  3  eV. 

Therefore,  the  maximum  kinetic  energy  of  the 
electron  =  (0.8  x  106  -3)  eV,  which  is  only  slightly 
less  than  0.8  x  106  eV.  The  minimum  kinetic 
energy  of  the  electron  is  still  zero.  Hence  correct 
choice  is  (d) 

23.  The  refractive  index  n  for  meta-materials  is  nega- 

sin  0, 

tive.  Hence  — — —  is  negative, 
sm  02 

Thus  if  0]  is  positive,  d2  will  be  negative.  So 
the  current  choice  is  (c). 
c  c 

24.  N=  —  =>p=- — -,  which  is  choice  (b) 

v  \n\ 


Also  frequency  V 
changed. 


/L 


A., 


v 

A 


Since  V  remains  un- 


1  =  Aair  x 


T  ^  m  C 

=  \irx  — X  — 

c  vair 


—  7  air 
“  Aair - 


(•■•  nm  =  \n\  and  nair  =  1) 
n 


So  choice  (d)  is  wrong. 

Section-IV 


25.  The  correct  choice  is  (a).  The  direction  of  the 
linear  velocity  at  A,  the  point  of  contact  is  to 
the  left  (opposite  to  the  direction  of  the  arrow). 
Since  friction  opposes  motion,  the  direction  of  the 
frictional  force  at  A  will  be  in  the  direction  of  the 
arrow,  i.e.  in  the  direction  along  which  the  sphere 
is  rolling. 

26.  The  correct  choice  is  (a).  Let  v  be  the  velocity 
of  the  conductor  in  a  magnetic  field  B .  Since  the 
free  electrons  in  the  conductor  are  moving  with 
it,  force  F  —  e(v  =  B)  is  zero  because  v  is 
parallel  to  B .  Consequently,  no  induced  emf  is 
developed  between  the  ends  of  the  conductor. 

Section-V 


The  proton  reaches  a  point  P  and  is  then  repelled 
back  by  the  nucleus. 

Loss  of  kinetic  energy  =  gain  in  potential  energy. 


1  2  _  Ae  _  120e" 

—  mPv - - - - - 

2  4/r£0r0  47i£07'0 

p 2 

If  p  is  the  linear  momentum,  then  (v  K.E.  =  - ) 

2  m 


1 20c2 
4ne0r0 


=>  P  = 


"240 e2mp 
4ne()r0 


\  1/2 

y 


Now 


A 


h_ 

P 


h(  47T£0r0 
e  ^  240  m 


\i/2 

) 


(1) 


Putting  -  s  4.2  x  10  15  Js/C,  1  =  9  x  109  m/F, 

e  47i£;i 

1  frn  =  10-15  m,  and  r0  =  10  fm  =  10  x  10-15  m 

in  Eq.  (1),  we  get  r0  =  7  x  10~15  m  =  7  fm 
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28.  Let  Mbe  the  mass  of  the  complete  disc.  The  mass 
of  the  cut-out  disc  is 

M  „2  M 

m  =  - r-  x  nR~  =  — 

n(2R)2  4 

Moment  of  inertia  of  the  complete  disc  about  O 
=  x  (2R)1  =  2MR2 

Moment  of  inertia  of  the  cut-out  disc  about  O 

1  2  MR2  3  MR2 

=  -x - = - 

2  4  8 


/0=2  MR2-^J^- 

u  o  o 


Moment  of  inertia  of  the  complete  disc  about 
P  =  |m(2/?)2  =  6MR2 

Moment  of  inertia  of  the  cut-out  disc  about  P 

MR 2  M  ,  11,  2 

=  - +  — (R2  +  AR2)  =  — MR" 

8  4  8 


I„  =  6MR2  -  —MR2  =  37/8  MR2 
P  o 


/  37 

—  =  —  =  3  (to  nearest  integer) 

h 

29.  Magnetic  field  at  P  due  to  complete  cylinder 

2 

_  )J.0(Jna~ )  n0Ja 

B,  —  - = - 

2j la  2 

Magnetic  field  at  P  due  to  cavity  is 
_  ixAJnerlA)  n0Ja 

*>2 


2  n 


3  a 


12 


Net  magnetic  field  at  P  is 
B0Ja 


B  —  Bt  —  B-,  —  ■ 

2 

Which  gives  N  =  5. 

30.  (a)  (p),  (b)  -4  (p),  (q),  (r) 

(c)  -4  (p),  (r),  (s),  (d)  -4  (q) 


12 


12 
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SECTION  I 

(Single  Correct  Answer  Type) 

This  section  contains  10  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  is  correct. 


1. 


2. 


In 

( 


the  determination  of  Young’s  modulus 


7  = 


4  MLg 
Kid2 


by  using  Searle’s  method,  a  wire  of 


length  I  =  2m  and  diameter  d  =  0.5  mm  is  used. 
For  a  load  M  =  2.5  kg,  an  extension  i  =  0.25  mm 
in  the  length  of  the  wire  is  observed.  Quantities 
d  and  l  are  measured  using  a  screw  gauge  and  a 
micrometer,  respectively.  They  have  same  pitch  of 
0.5  mm.  The  number  of  divisions  on  their  circular 
scale  is  100.  The  contributions  to  the  maximum 
probable  error  of  the  7  measurement 

(a)  due  to  the  errors  in  the  measurement  of  d  and 
i  are  the  same. 

(b)  due  to  the  error  in  the  measurement  of  d  is 
twice  that  due  to  the  error  in  the  measurement 
of  l. 

(c)  due  to  the  error  in  the  measurement  of  i  is 
twice  that  due  to  the  error  in  the  measurement 
of  d. 

(d)  due  to  the  error  in  the  measurement  of  d  is 
four  times  that  due  to  the  error  in  the  mea¬ 
surement  of  L 

A  small  mass  m  is  attached  to  a  massless  string 
whose  other  end  is  fixed  at  P  as  shown  in  the 
figure.  The  mass  is  undergoing  circular  motion  in 
the  x-y  plane  with  centre  at  O  and  constant  angular 
speed  co.  If  the  angular  momentum  of  the  system, 
calculated  about  O  and  P  are  denoted  by  and 
Lp  respectively,  then 


z 


(a)  Lo  and  Lp  do  not  very  with  time. 

(b)  Lo  varies  with  time  while  Lp  remains  con¬ 
stant. 

(c)  Lo  remains  constant  while  Lp  varies  with 
time. 

(d)  Lo  and  Lp  both  vary  with  time. 

3.  A  bi-convex  lens  is  formed  with  two  thin  plano¬ 
convex  lenses  as  shown  in  the  figure.  Refractive 
index  n  of  the  first  lens  is  1.5  and  that  of  the 
second  lens  is  1.2.  Both  the  curved  surface  are 
of  the  same  radius  of  curvature  R  =  14  cm.  For 
this  bi-convex  lens,  for  an  object  distance  of 
40  cm,  the  image  distance  will  be 


R = 14  cm 


(a)  -  280.0  cm  (b)  40.0  cm 

(c)  21.5  cm  (d)  13.3  cm 

4.  A  thin  uniform  rod,  pivoted  at  O  is  rotating  in  the 
horizontal  plane  with  constant  angular  speed  co,  as 
shown  in  the  figure.  At  time  t  =  0,  a  small  insect 
starts  from  O  and  moves  with  constant  speed  v, 
with  respect  to  the  rod  towards  the  other  end.  It 
reaches  the  end  of  the  rod  at  t  =  T  and  stops.  The 
angular  speed  of  the  system  remains  CO  throughout. 
The  magnitude  of  the  torque  (|f|)  about  O,  as  a 
function  of  time  is  best  represented  by  which  plot? 
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5.  A  mixture  of  2  moles  of  helium  gas  (atomic  mass 
=  4  amu)  and  1  mole  of  argon  gas  (atomic  mass 
=  40  amu)  is  kept  at  300  K  in  a  container.  The 

ratio  of  the  rms  speeds  ^nns(^e^um)  js 
V  »rms (argon)  ) 

(a)  0.32  (b)  0.45 

(c)  2.24  (d)  3.16 

6.  Two  large  vertical  and  parallel  metal  plates  hav¬ 
ing  a  separation  of  1  cm  are  connected  to  a  DC 
voltage  source  of  potential  difference  X.  A  proton 
is  released  at  rest  midway  between  the  two  plates. 
It  is  found  to  move  at  45°  to  the  vertical  JUST 
after  release.  Then  X  is  nearly 

(a)  1  x  10~5  V  (b)  lx  10-7  V 

(c)  1  x  10~9  V  (d)  1  x  10~10  V 


7.  Three  very  large  plates  of  same  area  are  kept 
parallel  and  close  to  each  other.  They  are  consid¬ 
ered  as  ideal  black  surfaces  and  have  very  high 
thermal  conductivity.  The  first  and  third  plates  are 
maintained  at  temperatures  2 T  and  3  T  respectively. 
The  temperature  of  the  middle  (i.e.  second)  plate 
under  steady  state  condition  is 


(c)  (d)  (97) 1/4  T 

8.  A  small  block  is  connected  to  one  end  of  a  mass¬ 
less  spring  of  un-stretched  length  4.9  m.  The  other 
end  of  the  spring  (see  the  figure)  is  fixed.  The  sys¬ 
tem  lies  on  a  horizontal  frictionless  surface.  The 
block  is  stretched  by  0.2  m  and  released  from  rest 
at  t  =  0.  It  then  executes  simple  harmonic  motion 
with  angular  frequency  CO  =  n/3  rad/s.  Simultane¬ 
ously  at  t  #  0,  a  small  pebble  is  projected  with 
speed  v  from  point  P  at  an  angle  of  45°  as  shown 
in  the  figure.  Point  P  is  at  a  horizontal  distance 
of  10  m  from  O.  If  the  pebble  hits  the  block  at 
t  =  Is,  the  value  of  v  is  (take  g  =  10  m/s2) 


(a)  V50  m/s  (b)  V5I  m/s 


(c)  V52  m/s  (d)  V53  m/s 

9.  Young’s  double  slit  experiment  is  carried  out  by 
using  green,  red  and  blue  light,  one  colour  at  a 
time.  The  fringe  widths  recorded  are  /IG,  /3R  and 
PB  respectively.  Then, 

(a)  Pg  >  Pb  >  Pr  O5)  Pb  >  Pg  >  Pr 

(c)  Pr>  Pb  >  Pg  (d)  Pr>  Pg>  Pb 

10.  Consider  a  thin  spherical  shell  of  radius  R  with 
centre  at  the  origin,  carrying  uniform  positive 
surface  charge  density.  The  _variation  of  the  mag¬ 
nitude  of  the  electric  field  |  E(r)  and  the  electric 
potential  V(r)  with  the  distance  r  from  the  centre, 
is  best  represented  by  which  graph? 
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SECTION  II 

(Multiple  Correct  Answer(s)  Type) 

This  section  contains  5  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 

ONE  of  MORE  are  correct. 


11.  Consider  the  motion  of  a  positive  point  charge  in  a 
region  where  there  are  simultaneous  uniform  elec- 

_  A  _  A 

trie  and  magnetic  fields  E  -  EQ  j  and  B  —  B0  j .  At 
time  t  =  0,  this  charge  has  velocity  v  in  the  x-y 
plane,  making  an  angle  9  with  the  v-axis.  Which 
of  the  following  option(s)  is(are)  correct  for  time 
t  >  0? 

(a)  If  0  =  0°  the  charge  moves  in  a  circular  path 
in  the  x-z  plane. 

(b)  If  9  =  0°,  the  charge  undergoes  helical  motion 
with  constant  pitch  along  the  y-axis. 

(c)  If  9  =  10°,  the  charge  undergoes  helical  mo¬ 
tion  with  its  pitch  increasing  with  time,  along 
the  y-axis. 

(d)  If  9  =  90°,  the  charge  undergoes  linear  but 
accelerated  motion  along  the  y-axis. 

12.  A  cubical  region  of  side  a  has  its  centre  at  the 
origin.  It  encloses  three  fixed  point  charges,  -q 
at  (0,-a/4,  0),  +3 q  at  (0,  0,  0)  and  -q  at  (0,  +al 4, 
0).  Choose  the  correct  options(s). 


z 


(a)  The  net  electric  flux  crossing  the  plane  x  = 
+al 2  is  equal  to  the  net  electric  flux  crossing 
the  plane  x  =  —at 2 

(b)  The  net  electric  flux  crossing  the  plane  y  = 
+al 2  is  more  than  the  net  electric  flux  cross¬ 
ing  the  plane  y  =  -all. 

(c)  The  net  electric  flux  crossing  the  entire  region 

•  C1 
is  — . 

£o 

(d)  The  net  electric  flux  crossing  the  plane  z  = 
+al 2  is  equal  to  the  net  electric  flux  crossing 
the  plane  x  =  +al 2. 

13.  A  person  blows  into  open-end  of  a  long  pipe.  As 
a  result,  a  high  pressure  pulse  of  air  travels  down 
the  pipe.  When  this  pulse  reaches  the  other  end 
of  the  pipe, 

(a)  a  high-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  open. 

(b)  a  low-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  open. 

(c)  a  low-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  closed. 

(d)  a  high-pressure  pulse  starts  travelling  up  the 
pipe,  if  the  other  end  of  the  pipe  is  closed. 

14.  A  small  block  of  mass  of  0.1  kg  lies  on  a  fixed 
inclined  plane  PQ  which  makes  an  angle  9  with 
the  horizontal.  A  horizontal  force  of  1  N  acts  of 
the  block  through  its  centre  of  mass  as  shown  in 
the  figure.  The  block  remains  stationary  if  (take 
g  =  10  m/s2). 


x 
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(a)  9  =  45° 

(b)  9  >  45°  and  a  frictional  forces  acts  on  the 
block  towards  P. 

(c)  9  >  45°  and  a  frictional  forces  acts  on  the 
block  towards  Q. 

(d)  9  <  45°  and  a  frictional  forces  acts  on  the 
block  towards  Q. 


15.  For  the  resistance  network  shown  in  the  figure, 
choose  the  correct  option(s). 


(a)  The  current  through  PQ  is  zero. 

(b)  /,  =  3A 

(c)  The  potential  at  S  is  less  than  that  at  O. 

(d)  l2  =  2A 


SECTION  III 

(Integer  Correct  Answer  Type) 


This  section  contains  5  questions.  The  answer  to  each  question  is  single  digit  integer,  ranging  from  0  to  9  ( both 
inclusive ) 


16.  A  circular  wire  loop  of  radius  R  is  placed  in  the 
x-y  plane  centered  at  the  origin  O. A  square  loop  of 
side  a  ( a«R )  having  two  turns  is  placed  with  its 


centre  at  z  =  \f3R  along  the  axis  of  the  circular 
wire  loop,  as  shown  in  figure.  The  plane  of  the 
square  loop  makes  an  angle  of  45°  with  respect  to 
the  z-axis.  If  the  mutual  inductance  between  the 
p0a 

loops  is  given  by  /?  ,  then  the  value  of  p  is 


z 


17.  An  infinitely  long  solid  cylinder  of  radius  R  has 
a  uniform  volume  charge  density  p.  It  has  a 
spherical  cavity  of  radius  R/2  with  its  centre  on 
the  axis  of  the  cylinder,  as  shown  in  the  figure. 
The  magnitude  of  the  electric  field  at  the  point 


P,  which  is  at  a  distance  2 R  from  the  axis  of  the 


cylinder,  is  given  by  the  expression 
value  of  k  is 


23  pR 
16  ke0 


.  The 


kz 


18.  A  proton  is  fired  from  very  far  away  towards  a 
nucleus  with  charge  Q  =  120e,  where  e  is  the 
electronic  charge.  It  makes  a  closest  approach 
of  10  frn  to  the  nucleus.  The  de  Broglie  wave¬ 
length  (in  units  of  fm)  of  the  proton  at  its  start 
is:  (take  the  proton  mass,  mp  =  (5/3)  x  1 0  27  kg; 

hie  =  4.2  x  10-15  J.s/C;  —  =  9  x  109  m/F; 

4  ne0 

1  fm  =  10  15  m) 

19.  A  lamina  is  made  by  removing  a  small  disc  of  di¬ 
ameter  2 R  from  a  bigger  disc  of  uniform  mass  den- 
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sity  and  radius  2 R,  as  shown 
in  the  figure.  The  moment  of 
inertia  of  this  lamina  about 
axes  passing  though  O  and 
P  is  IQ  and  IP  respectively. 

Both  these  axes  are  perpen¬ 
dicular  to  the  plane  of  the 
lamina.  The  ratio  IPH0  to  the 
nearest  integer  is 

20.  A  cylindrical  cavity  of  diameter  a  exists  inside  a 
cylinder  of  diameter  2 a  shown  in  the  figure.  Both 
the  cylinder  and  the  cavity  are  infinitely  long.  A 
uniform  current  density  J  flows  along  the  length. 
If  the  magnitude  of  the  magnetic  field  at  the  point 
N 

P  is  given  by  — /x0 aJ,  the  value  of  N  is 


Answers 

Section-I 

1. 

(a) 

2.  (c) 

3. 

(b) 

4. 

(b) 

5.  (d) 

6. 

(c) 

7. 

(c) 

8.  (a) 

9. 

(d) 

10. 

(d) 

Section-II 

M 

£ 


0.005  mm 
0.25  mm 


=  0.02 


2  Ad 
d 


2  x  0.005  mm 
0.5  mm 


0.02 


2.  (c)  T  cos  0  =  mg 


So  T  cos  6  balances  with  weight  mg.  T  sin  6  pro¬ 
duces  no  torque  about  O  but  produces  a  non-zero 
torque  about  P.  Now 


L-  Ico  and  r  -  la  -  I 


dco 

dt 


,  _  .  dco  .  .  — 

Since  torque  about  O  is  zero,  -  =  0,  i.e.  co  = 

dt  _ 

constant.  Hence  angular  momentum  L  about  O  is 
constant.  But  torque  about  P  is  non-zero.  Hence 

^ -  ^0,  i.e.  (O  changes  with  time.  Hence  L  about 

P  varies  with  time. 


3.  (b)  y 

J\ 


i-5-nr 1 

14 


i 


j 


r 

CO  ^ 


28 


cm 


11.  (c,  d)  12.  (a,  c,  d)  13.  (b,  d) 

14.  (a,  c)  15.  (a,  b,  c,  d) 


1  | 

"1.2-n 

if  1 _ Ll 

1 

7n 

v  1  J 

'loo  -14 J 

_  70 

Section-Ill 

16.  7  17.  6  18.  7 

19.  3  20.  5 


Hints  and  Solutions 
Section-I 

,  ,  x  T  0-5  mm 

1.  (a)  Least  count  =  -  =  0.005  mm 


F 


1111  ^ 

= - 1 - = - 1 - =>  F  =  20  cm 

/,  f2  28  70 


Now - =  — 

v  u  F 

1  1  1 

=> - =  —  =>  v  =  40  cm 

v  -40  20 


4.  (b)  L  =  Ico 

X  =  vt 


AT  _  At  2 Ad 
Y  £  d 


100 


T  2  2.2 

1  =  mx  =  mv  t 
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L  =  (mx1)  (0  =  m(OV2t 2 

dL  2 

T  =  —  =  Imcov  t 
dt 

Hence,  as  long  as  the  insect  is  moving,  the  torque 
varies  linearly  with  time.  When  the  insect  steps, 
v  =  0,  and  torque  becomes  zero. 


5.  (d)  iVs  = 


3  RT 
M 


^rms  (helium) 


M 


Ar 


urms  (argon)  \M 

r  ,  .  -  OR  qE 

6.  ( c )  tan  0  =  - = - 

PQ  mg 


=  VT0  =  3.16 


‘He 


(+) 


H 


Q 


Given  0  =  45°.  Therefore, 
qE 

tan  45°  =  -  =>  qE  =  mg 

mg 

X 

Also  E  =  —  .  Hence 

qX  d 
—  =  mg 

=*  x=n^- 


(1.67  x  1(T27)  x9.8  x(lxl0~2) 


10  V 


1.6  x  10 

7.  (c)  In  the  steady  state,  the  rate  at  which  the  middle 
plate  receives  heat  energy  is  equal  to  the  rate  at 
which  heat  energy  is  emitted  by  the  other  plates. 
Let  A  be  the  area  of  each  plate  and  T0  be  the  steady 
state  temperature  of  the  middle  plate.  Since  both 
sides  of  the  middle  plate  receive  heat  energy,  the 
total  area  of  the  middle  plate  receiving  energy  is 
2  A. 


2  T 


37 


From  Stefan’s  law 

a  (2 A)  (TJ4  =  oA  {IT)4  +  oA  (37)4 
=>  IT4  =  16  T4  +  81T4  =  97  T 4 


8.  (a)  When  the  pebble  hits  the  block,  the  distance 
travelled  by  the  pebble  (S  )  =  distance  travelled 
by  the  block  (Sh). 

Sp  =  4.9  +  0.2  cos  cot 


=  4.9  +  0.2  cos 


n 


(v  t=  Is) 


=  4.9  +  0.2  x  -  =  5.0  m 
2 

Sh=  1 0  -  horizontal  range 


=  10 


=  10 


v~  sin  (20) 
g 

v2  sin  (90°) 

10 


(v  0  =  45°) 


=  10 - 

10 


Now  Sb  =  Sp.  Therefore, 

10  -  —  =  5.0  =>  v1  =  50  =>  v  =  V50  ms-1 

10 


9.  (d)  Since  AR  >  A,G  >  AB  and  P 


Pr  >  Pg  >  As 


10.  (d)  For  a  spherical  shell 


E(r)  | 


0  for  r  <  R 


<  Q 

4  ne0r2 


for  r  >  R 


AD 

~d  ’ 


and 


V  (r) 


-  for  r  <  R 

4  ne0R 

—Q—  for  r  >  R 
4  n  e0r 


Hence  the  correct  graph  is  (d).  The  graph  shown 
with  broken  lines  represents  V(r)  vs  r  graph. 


Section-II 

11.  (c,  d)  Force  on  charge  q  due  to  electric  field  is 

F e  =  qE.  Since  E  is  along  +y  direction  and  q 
is  positive,  the  charge  will  accelarate  along  the 
y-axis. 

Force  on  charge  q  due  to  magnetic  field  is 
Fm  =  q  (7  x  B)  which  is  perpendicular  to  both 

v  and  £> .  If  0  =  90°,  v  will  be  parallel  to  B 
(which  is  along  y-axis),  Fm  =  0  and  the  charge 
will  accelerate  along  the  y-axis  due  to  the  electric 
field.  If  0  lies  between  zero  and  90°,  the  path  is 
a  helix  with  increasing  pitch  along  the  y-axis  due 
to  electric  field  E . 
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12.  (a,  c,  d)  According  to  Gauss’s  law,  the  electric 
flux  cross  the  cubical  region  is 

0=  Qnet  =  lq-q-q  =  q 
£o  £0  £o 

By  symmetry,  the  electric  flux  crossing  the  plane 
x  =  a/2  and  the  x  =  -a/2  is  the  same. 

Further,  the  positions  of  charges  with  respect  to 
x  =  a/2  and  z  =  a/2  are  the  same;  hence  the  flux 
through  the  planes  x  =  a/2  and  z  =  a/2  is  the  same 
Also,  by  symmetry,  the  flux  crossing  the  plane 
y  =  a/2  and  y  =  -a/2  is  the  same. 

13.  (b,  d)  When  a  compression  reaches  the  open  end 
of  a  pipe,  it  is  reflected  as  a  rarefaction  due  to 
openness  of  the  medium  just  outside  the  open  end. 
There  is  no  reversal  of  amplitude  of  the  pressure 
wave  on  reflection  at  the  open  end.  But  when  a 
compression  reaches  the  closed  end  of  a  pipe,  it 
is  reflected  as  a  compression  due  to  reversal  of 
the  amplitude  of  the  pressure  wave  on  reflection 
at  the  closed  end.  Hence  the  correct  choices  are 
(b)  and  (d). 

14.  (a,  c) 


Q 


Given  F  =  1  N,  m  =  0.1  kg  and  g  =  10  ms~2.  Let 
/be  the  frictional  force  between  the  block  and  the 
plane  surface  PQ. 

The  block  will  be  stationary  if 
F  cos  0  =  mg  sin  0 
=>  1  x  cos  0  =  0.1  x  10  x  sin  0 
=>  tan  0  =  1  =>  0  =  45°  and/=  0 
If  0  >  45°,  sin  0  >  cos  0. 

Hence  mg  sin  0  >  F  cos  0  ( v  F  =  mg  =  1  N). 
Therefore  frictional  force  acts  up  the  block  to¬ 
wards  Q. 

If  0  <  45°,  sin  0  <  cos0. 

Hence  mg  sin  0  <  F  cos  0. 

Therefore,  in  this  case,  frictional  force  /  acts  down 
in  the  plane  towards  P. 

15.  (a,  b,  c,  d) 


Applying  Kirchhoff’s  loop  rule  to  loops  APQA, 
PSTQP  and  AQTBUVA,  we  get 

2a  +  c  -  4b  =  0,  (1) 

2  (a  -  c)  -  c  -  4  (b  +  c)  -  c  -  0 
=>  a  -  2b  -4c  =  0  (2) 

and  4b  +  4  (b  +  c)  +  4b  -  12  =  0 
=>  3b  +  c  =  3  (3) 

Solving  Eqs.  (1),  (2)  and  (3),  we  get 
a  =  2  A,  b  =  1  A  and  c  =  0 
Thus  the  current  through  PQ  is  zero.  Also  /,  = 
a  +  b  =  3  A  and  I2  =  a  -  c  =  2  A. 

Also  Vs  -  Vq  =  -  c  -  4  (b  +  c)  =  -  4b  =  -  4  x 
1  =  -  4V  (v  c  =  0).  Hence  potential  at  S  is  less 
than  that  at  Q. 

Section-HI 


16.  (7)  Magnetic  flux  </>  =  NBA  cos  0 
Given  N  =  2,  A  =  a2,  and  0  =  45°. 

II 

Also  B  =  £4- 


4 n  [R2 +(J3R)2/* 

=  hi 

16  R 

•••  ^=2x  f77wWx^r 


16  R 

T  .  _  ^  _  PQ12 

M  —  7/ 

I  2  aR 


2 7/2  R 


p  =  l 


17.  (6) 


Gaussian  surface 
Solid  cylinder 


/ 


We  take  the  Gaussian  surface  to  be  a  cylinder  of 
radius  r  and  length  /.  From  Gauss’s  law, 
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j)  E.ds  =  — 

xt  t  h  h\ 

Now  A  =  —  =  — 

f  4ne0r0  'I 

£0 

p  e 1 

v  240  m , 

Ex2nrl  =  ±=P**R‘l 


E  =  PR 


2e0r 


(1) 


The  electric  field  at  point  P  due  to  solid  cylinder 
is  (putting  r  =  2 R) 


*  =  PR 


■  along  +y  direction 


2e0(2  R)  4e0 

The  electric  field  at  point  P  due  to  solid  sphere 
(since  r  >  R)  is 


E„  = 


Q 


4  JT£0r 
pR 


pXy(i?/ 2)3 

2  ~  4ne0(2R)2 

along— y  direction. 


96£0 

Therefore,  net  electric  field  at  P  is 

F  =  F  _  F  =  PR  PR  -  23PR 

p  4e0  96e0  96e0 

which  gives  k  =  6. 

18.  (7) 

Proton 

L-+v — 


z=  120  e 


tO 


Nucleus 


The  proton  reaches  a  point  P  and  is  then  repelled 
back  by  the  nucleus. 

Loss  of  kinetic  energy  =  gain  in  potential  en¬ 
ergy. 

2 


1  2 

2  mpv 


Ze 


120e 


4  7T£0r0  4  K£nr( 


o'o 


If  p  is  the  linear  momentum,  then  ( v  K.E.  =  —  ) 

2m 

p 2  120c2 


2mp  4ne0r0 


^240 e2mp^/2 


4jtEnTn 


Putting  —  =  4.2  x  10 
e 


-15 


Js/C, 


(1) 


1  =  9  x  109 


4  nen 


m/F,  1  fm  =  10  15  m,  and  r0  =  10  fin  =10x10  15 
m  in  Eq.  (1),  we  get  r0  =  7  x  10~15  m  =  7  fm 

19.  (3) 

Let  Mbe  the  mass  of  the  complete  disc.  The  mass 
of  the  cut-out  disc  is 

M  n2  M 

m  =  - r-  x  nR~  =  — 

n(2  R)2  4 

Moment  of  inertia  of  the  complete  disc  about  O 
=  |  Mx  (2 R)2  =  2 MR2 

Moment  of  inertia  of  the  cut-out  disc  about  O 

1  3  MR2  3  MR2 

=  — x - = - 

2  4  8 


3MR 1  13  MR- 


/„  =  2  MR1 


Moment  of  inertia  of  the  complete  disc  about 
P  =  |  M  (2 R)1  =  6  MR 2 

Moment  of  inertia  of  the  cut-out  disc  about  P 

MR 2  M  2  H  ,„2 

=  - +  —  (R2  +  4R2)  =  —  MR2 

8  4  8 

.-.  IP  =  6 MR2  -  —  MR2  =  37/8  MR2 
P  8 

I  37 

—  =  —  =3  (to  nearest  integer) 

/0  13 

20.  (5) 

Magnetic  field  at  P  due  to  complete  cylinder  is 

_  p0(Jna2)  n0Ja 

B ,  —  - = - 

2  na  2 

Magnetic  field  at  P  due  to  cavity  is 

p0(Jna2/ 4)  p0Ja 

°2  ~  ~ 


2  n 


\2  ) 


12 


.'.  Net  magnetic  field  at  P  is 
p  =  p  —  B  =  P°Pa  PqP®  _ 

12  r\ 


12 


12 


which  gives  N  =  5. 
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SECTION  I 

(Single  Correct  Answer  Type) 

This  section  contains  8  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  is  correct. 


1.  Two  identical  discs  of  same  radius  R  are  rotating 
about  their  axes  in  opposite  directions  with  the 
same  constant  angular  speed  co .  The  discs  are  in 
the  same  horizontal  plane.  At  time  t  =  0,  the  point 
P  and  Q  are  facing  each  other  as  shown  in  the 
figure.  The  relative  speed  between  the  two  points 
P  and  0  is  vr.  In  one  time  period  ( T)  of  rotation 
of  the  discs,  vr  as  a  function  of  time  is  best  rep¬ 
resented  by 


2.  A  loop  carrying  current  /  lies  in  the  x-y  plane  as 
shown  in  the  figure.  The  unit  vector  k  is  com¬ 
ing  out  of  the  plane  of  the  paper.  The  magnetic 
moment  of  the  current  loop  is 


y 


3.  An  infinitely  long  hollow  conducting  cylinder 
with  inner  radius  R/2  and  other  radius  R  carries 
a  uniform  current  density  along  its  length.  The 
magnitude  of  the  magnetic  field,  |z?|  as  a  func¬ 
tion  of  the  radial  distance  r  from  the  axis  is  best 
represented  by 

(a)  '■ 

|S|  ^ 

Z - 1 - 1 - — — r 

0  R/2  R 
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(b) 


(c) 


(d) 


4.  A  thin  uniform  cylindrical  shell,  closed  at  both 
ends,  is  partially  filled  with  water.  It  is  floating 
vertically  in  water  in  half-submerged  state.  If  pc 
is  the  relative  density  of  the  material  of  the  shell 
with  respect  to  water,  then  the  correct  statement 
is  that  the  shell  is 

(a)  more  than  half-filled  if  pc  is  less  than  0.5. 

(b)  more  than  half-filled  if  pc  is  more  than  1.0. 

(c)  half-filled  if  pc  is  more  than  0.5. 

(d)  less  than  half-filled  if  pc  is  less  than  0.5. 

5.  In  the  given  circuit,  a  charge  of  +  80  pC  is  given 
to  the  upper  plate  of  the  4  pF  capacitor.  Then  in 
the  steady  state,  the  charge  on  the  upper  plate  of 
the  3  pF  capacitor  is 

+80  pCO 

dp  4pF 


2  (j.F 


3  |+F 


(a)  +  32  pC 
(c)  +  48  pC 


(b)  +  40  pC 
(d)  +  80  pC 


6.  Two  moles  of  ideal  helium  gas  are  in  a  rubber 
balloon  at  30°C.  The  balloon  is  fully  expandable 
and  can  be  assumed  to  require  no  energy  in  its 
expansion.  The  temperature  of  the  gas  in  the  bal¬ 
loon  is  slowly  changed  to  35°C.  The  amount  of 
heat  required  in  raising  the  temperature  is  nearly 
(take  R  =  8.31  J/mol.K) 

(a)  62  J  (b)  104  J 

(c)  124  J  (d)  208  J 

7.  Consider  a  disc  rotating  in  the  horizontal  plane 
with  a  constant  angular  speed  co  about  its  centre 
O.  The  disc  has  a  shaded  region  on  one  side  of 
the  diameter  and  an  unshaded  region  on  the  other 
side  as  shown  in  the  figure.  When  the  disc  is  in 
the  orientation  as  shown,  two  pebbles  P  and  Q 
are  simultaneously  projected  at  an  angle  towards 
R.  The  velocity  of  projection  is  in  the  y-z  plane 
and  is  same  for  both  pebbles  with  respect  to  the 
disc.  Assume  that  (i)  they  land  back  on  the  disc 

before  the  disc  has  completed  -  rotation,  (ii)  their 

8 

range  is  less  than  half  the  disc  radius,  and  (iii)  CO 
remains  constant  throughout.  Then 


© 


(a)  P  lands  in  the  shaded  region  and  Q  in  the 
unshaded  region. 

(b)  P  lands  in  the  unshaded  region  and  Q  in  the 
shaded  region. 

(c)  Both  P  and  Q  land  in  the  unshaded  region. 

(d)  Both  P  and  Q  land  in  the  shaded  region. 

8.  A  student  is  performing  the  experiment  of  reso¬ 
nance  column.  The  diameter  of  the  column  tube 
is  4  cm.  The  frequency  of  the  tuning  fork  is  512 
Hz.  The  air  temperature  is  38°C  in  which  the 
speed  of  sound  is  336  m/s.  The  zero  of  the  meter 
scale  coincides  with  the  top  end  of  the  Resonance 
Column  tube.  When  the  first  resonance  occurs,  the 
reading  of  the  water  level  in  the  column  is 
(a)  14.0  cm  (b)  15.2  cm 

(c)  16.4  cm  (d)  17.6  cm 
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SECTION  II 
(Paragraph  Type) 

This  section  contains  6  multiple  choice  questions  relating  to  three  paragraph  with  two  questions  on  each  paragraph. 
Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which  ONLY  ONE  is  correct. 


Paragraph  for  Questions  9  and  10 

The  general  motion  of  rigid  body  can  be  considered  to  be 
a  combination  of  (i)  a  motion  of  its  centre  of  mass  about 
an  axis,  and  (ii)  its  motion  about  an  instantaneous  axis 
passing  through  the  centre  of  mass.  These  axes  need  not 
be  stationary.  Consider,  for  example,  a  thin  unifonn  disc 
welded  (rigidly  fixed)  horizontally  at  its  rim  to  a  massless 
stick,  as  shown  in  the  figure.  When  the  disc-stick  system 
is  rotated  about  the  origin  on  a  horizontal  frictionless 
plane  with  angular  speed  co,  the  motion  at  any  instant  can 
be  taken  as  a  combination  of  (i)  a  rotation  of  the  centre 
of  mass  of  the  disc  about  the  z-axis,  and  (ii)  a  rotation  of 
the  disc  through  an  instantaneous  vertical  axis  passing 
through  its  centre  of  mass  (as  is  seen  from  the  changed 
orientation  of  points  P  and  Q).  Both  these  motions  have 
the  same  angular  speed  co  in  this  case 


x 


Now  consider  two  similar  system  as  shown  in  the  figure: 
case  (a)  the  disc  with  its  face  vertical  and  parallel  to  x-z 
plane;  Case  (b)  the  disc  with  its  face  making  an  angle  of 
45°  with  x-y  plane  and  its  horizontal  diameter  parallel  to 
x-axis.  In  both  the  cases,  disc  is  welded  at  point  P,  and  the 
system  are  rotated  with  constant  angular  speed  co  about 
the  z-axis. 


z  z 


X  X 

Case  (a)  Case  (b) 


9.  Which  of  the  following  statements  about  the 
instantaneous  axis  (passing  through  the  centre  of 
mass)  is  correct? 

(a)  It  is  vertical  for  both  the  cases  (a)  and  (b) 


(b)  It  is  vertical  for  case  (a);  and  is  at  45°  to  the 
x-z  plane  and  lies  in  the  plane  of  the  disc  for 
case  (b). 

(c)  It  is  horizontal  of  case  (a);  and  is  at  45°  to 
the  x-z  plane  and  is  normal  to  the  plane  of 
the  disc  for  case  (b). 

(d)  It  is  vertical  for  case  (a);  and  is  45°  to  the 
x-z  plane  and  is  normal  to  the  plane  of  the 
disc  for  case  (b). 

10.  Which  of  the  following  statements  regarding  the 
angular  speed  about  the  instantaneous  axis  (pass¬ 
ing  through  the  centre  of  mass)  is  correct? 

(a)  It  is  \flco  for  both  the  cases. 

(b)  It  is  CO  for  case  (a);  and  for  case  (b). 

V2 

(c)  It  is  CO  for  case  (a);  and  \flco  for  case  (b). 

(d)  It  is  co  for  both  the  cases. 

Paragraph  for  Questions  11  and  12 

The  P-decay  process,  discovered  around  1900,  is  basically 
the  decay  of  a  neutron  («).  In  the  laboratory,  a  proton  (/;) 
and  an  electron  (e~)  are  observed  as  the  decay  products 
of  the  neutron.  Therefore,  considering  the  decay  of  a 
neutron  as  a  two-body  decay  process,  it  was  predicted 
theoretically  that  the  kinetic  energy  of  the  electron  should 
be  a  constant.  But  experimentally,  it  was  observed  that 
the  electron  kinetic  energy  has  continuous  spectrum. 

Considerng  a  three-body  decay  process,  i.e.  n— >  p  +  e~+ 
ve,  around  1930,  Pauli  explained  the  observed  electron 

energy  spectrum.  Assuming  the  anti-neutrino  ( ve )  to 
be  massless  and  possessing  negligible  energy,  and  the 
neutron  to  be  at  rest,  momentum  and  energy  conservation 
principles  are  applied.  From  this  calculation,  the  maximum 
kinetic  energy  fo  the  electron  is  0.8  x  106  eV.  The  kinetic 
energy  carried  by  the  proton  is  only  the  recoil  energy. 

11.  What  is  the  maximum  energy  of  the  anti-neutrino? 

(a)  Zero 

(b)  Much  less  than  0.8  x  106  eV 

(c)  Nearly  0.8  x  106  eV 

(d)  Much  larger  than  0.8  x  106  eV 

12.  If  the  anti-neutrino  had  a  mass  of  3  eV/c2  (where 
c  is  the  speed  of  light)  instead  of  zero  mass,  what 
should  be  the  range  of  the  kinetic  energy,  K,  of 
the  electron? 
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(a)  0  <  K  <  0.8  x  106  eV 

(b)  3.0  eV  <  K<  0.8  x  106  eV 

(c)  3.0  eV  <  K<  0.8  x  106  eV 

(d)  0  <K<  0.8  x  106  eV 


Paragraph  for  Questions  13  and  14 


Most  materials  have  the  refractive  index,  n>  1.  So,  when 
a  light  ray  from  air  enters  a  naturally  occurring  material, 
sin0j  _  n2 

then  by  Snell’s  law,  ~  ~  =  ~ ,  it  is  understood  that 
sm  &2  «j 

the  refracted  ray  bends  towards  the  normal.  But  it  never 
emerges  on  the  same  side  of  the  nonnal  as  the  incident  ray. 
According  to  electromagnetism,  the  refractive  index  of 

the  medium  is  given  by  the  relation,  n  =  f— 1  =  ±^£nUl.  , 


where  c  is  the  speed  of  electromagnetic  waves  in  vacuum, 
v  its  speed  in  the  medium,  er  and  nr  are  relative  permittivity 
and  permeability  of  the  medium  respectively. 

In  normal  materials,  £r  and  fxr,  are  positive,  implying 
positive  n  for  the  medium.  When  both  £r  and  are  negative, 
one  must  choose  the  negative  root  of  n.  Such  negative 
refractive  index  materials  can  now  be  artificially  prepared 
and  are  called  meta-materials.  They  exhibit  significantly 
different  optical  behavior,  without  violating  any  physical 
laws.  Since  n  is  negative,  it  results  in  a  change  in  the 
direction  of  propagation  of  the  refracted  light.  However, 
similar  to  normal  materials,  the  frequency  of  light  remains 
unchanged  upon  refraction  even  in  meta-materials. 

13.  For  light  incident  from  air  on  a  meta-material,  the 
appropriate  ray  diagram  is 


14.  Choose  the  correct  statement. 

(a)  The  speed  of  light  in  the  meta-material  is 
v  =  c\n\ 

(b)  The  speed  of  light  in  the  meta-material  is 

c 

v  =  — 

M 

(c)  The  speed  of  light  in  the  meta-material  is 
v  =  c. 

(d)  The  wavelength  of  the  light  in  the  meta¬ 
material  (Xm)  is  given  by  Xm  =  Aair  \n\,  where 
Xair  is  wavelength  of  the  light  in  air. 


SECTION  III 

Multiple  Correct  Answer(s)  Type 

This  section  contains  6  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 

ONE  or  MORE  are  correct. 


15.  In  the  given  circuit,  the  AC  source  has  CO  =  100 
rad/s.  Considering  the  inductor  and  capacitor  to 
be  ideal,  the  correct  choice(s)  is  (are) 

(a)  The  current  through  the  circuit,  /  is  0.3  A. 


(b)  The  current  through  the  circuit,  /  is  0.3  V2  A 

(c)  The  voltage  across  100  Q,  resistor  =  10  V2  V. 

(d)  The  voltage  across  50  O  resistor  =  10  V. 
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100  (iF  100  Q. 


16.  Six  point  charges  are  kept  at  the  vertices  of  a 
regular  hexagon  of  side  L  and  centre  O,  as  shown 

1  q 

in  the  figure.  Given  that  K  = - - ,  which  of 

47T£0  ]} 

the  following  statement(s)  is  (are)  correct? 


F+ - L - ►  E 

+  Q/V - -A-q 


+q  -q 

(a)  The  electric  field  at  O  is  6 K  along  OD. 

(b)  The  potential  at  O  is  zero. 

(c)  The  poteltial  at  all  points  on  the  line  PR  is 
same. 

(d)  The  potential  at  all  points  on  the  line  ST  is 
same. 

17.  Two  spherical  planets  P  and  0  have  the  same 
uniform  density  p,  masses  MP  and  Mq  and  surface 
areas  A  and  4/1  respectively.  A  spherical  planet  R 
also  has  unifonn  density  p  and  its  mass  is  (MP  + 
M0).  The  escape  velocities  from  the  planets  P,  Q 
and  R  are  VP,  Vq  and  VR,  respectively.  Then 

(a)  VQ>VR>  VP  (b)  VR  >  VQ  >  VP 
(c)  VR/VP  =  3  (d)  VP/VQ  =  i 

18.  The  figure  shows  a  system  consisting  of  (i)  a  ring 
of  outer  radius  3 R  rolling  clockwise  without  slip¬ 
ping  on  a  horizontal  surface  with  angular  speed  co 
and  (ii)  an  inner  disc  of  radius  2 R  rotating  anti¬ 
clockwise  with  angular  speed  (0/2.  The  ring  and 
disc  are  separated  by  frictionless  ball  bearings. 
The  point  P  on  the  inner  disc  is  at  a  distance  R 
from  the  origin,  where  OP  makes  an  angle  of 
30°  with  the  horizontal.  Then  with  respect  to  the 
horizontal  surface, 

(a)  the  point  O  has  linear  velocity  3  Rcoi 

(b)  the  point  P  has  linear  velocity 


11  -  V  3 

—  Rcoi-\ - Rcoli 

4  4 

(c)  the  point  P  has  linear  velocity 

13  -  >/3 

— Ran - Rcok 

4  4 


(d)  the  point  P  has  linear  velocity 


19.  Two  solid  cylinders  P  and  Q  of  same  mass  and 
same  radius  start  rolling  down  a  fixed  inclined 
plane  from  the  same  height  at  the  same  time.  Cyl¬ 
inder  P  has  most  of  its  mass  concentrated  near  its 
surface,  while  Q  has  most  of  its  mass  concentrated 
near  the  axis.  Which  statement(s)  is  (are)  correct? 

(a)  Both  cylinders  P  and  0  reach  the  ground  at 
the  same  time. 

(b)  Cylinders  P  has  larger  linear  acceleration  than 
cylinder  Q. 

(c)  Both  cylinders  reach  the  ground  with  same 
translational  kinetic  energy. 

(d)  Cylinder  Q  reaches  the  ground  with  larger 
angular  speed. 

20.  A  current  carrying  infinitely  long  wire  is  kept 
along  the  diameter  of  a  circular  wire  loop,  without 
touching  it,  the  correct  statement) s)  is  (are) 

(a)  The  emf  induced  in  the  loop  is  zero  if  the 
current  is  constant. 

(b)  The  emf  induced  in  the  loop  is  finite  if  the 
current  is  constant. 

(c)  The  emf  induced  in  the  loop  is  zero  if  the 
current  decreases  at  a  steady  rate. 

(d)  The  emf  induced  in  the  loop  is  infinite  if  the 
current  decreases  at  a  steady  rate. 
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Answers 

Section-I 

1.  (a) 

2.  (b) 

3. 

(d) 

4.  (a) 

5.  (c) 

6. 

(d) 

7.  (c) 

8.  (b) 

Section-II 

9.  (a) 

10.  (d) 

11. 

(c) 

12.  (d) 

13.  (c) 

14. 

(b) 

Section-Ill 

15.  (a,c) 

16.  (a,  b,  c) 

17. 

(b,d)) 

18.  (a,  b) 

19.  (d) 

20. 

(a,  c) 

Hints  and  Solutions 
Section-I 


Vr=  Vp  -  VQ  =  VP  +  (-  VQ  ) 

Thus  vr  is  the  resultant  of  vp  and  -  vq  . 
vr  =  yjvp  +  Vq+  2 vPv0  cos (1 80°  -  2 cot) 


=  \]v2  +  v 2  -  2v2  cos  2 cot 
=  yjlv2  (1-  COs2©t) 

=  a Jdv 2  sin2  cot 


=>  vr  =  2v  sin  cot  =  2 Rco  sin  cot  (v  v  =  Red) 
The  relative  speed  between  points  P  and  Q  is 


\vr\  =  2 Rco  | sin  cot\  =  2 Rco 


.  f 2nt\ 

sm[— J 


Thus,  \vr\  becomes  zero  twice  in  one  time  period 
and  becomes  maximum  twice  in  one  time  period. 
So  the  correct  choice  is  (a). 


2.  (b)  Magnetic  Moment  M  =  current  x  area  of  the 
loop  =  I A 


2  a  , 

a  +n  —  x2 


=  /x 


=  la2  I  1  +  -  I k 


The  direction  of  area  vector  A  is  along  k . 
3.  (d) 


Inside  the  cavity  (i.e.  for  r  lying  between  zero  and 

Outside  the  cylinder,  (i.e.  for  r  >  R). 

B-  M 

2  nr 

In  the  shaded  region,  (i.e.  for  —  <  r  <  R).  From 
Ampere’s  circuital  law,  ^ 

B  x  2nr  =  HqI 
=  Po JA 

where  J  =  is  the  current  density  and  A  is  the 
area  of  the  shaded  region.  Now 

<1 

r 

.-.  B  x  2nr  =  /j,0J 


A  =  nr2  -  n[ — 


B  = 


2 

Po  J 


2 

nr - 


r2-R2/  4 


4  r 


Hence  the  correct  graph  is  (d). 
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4.  (a)  Let  Vc  =  Volume  of  the  shell 

dc  =  density  of  the  material  of  the  shell  =  pcdw 
where  dw  is  the  density  of  water. 

Va  =  volume  of  air  in  the  shell 
Vw  =  volume  of  water  in  the  shell 
Since  half  the  volume  is  submerged  under  water, 
from  the  law  of  floatation,  weight  of  water  dis¬ 
placed  =  upthrust,  i.e. 

V +V +V  \ 

C  °2  W)  < 8  =  Vcdcg  +  Vw  dwg 

=  vc  Pc  dw  g  +  vw  dw  g 
=>  Vw  =  Vc  (1  -  2pc)  +  Va 

=  2V°  (j_Pc)  +  V° 

If  P  >  —  V  <  V 

rc  2  ’  w  a 

If  p  <  -  V  >  V 

rc  2  ’  w  a 

Hence  the  correct  choice  is  (a). 

5.  (c)  Let  q  pC  be  the  charge  on  the  upper  plate  of 
3  pF  capacitor.  Then  the  charge  on  the  upper  plate 
of  2  pF  capacitor  will  be  (80  -  q)  pC.  Since  po¬ 
tential  difference  across  2  pF  capacitor  =  potential 
difference  across  3  pF  capacitors, 


80 -q  q 

— =  y  =>  q  =  48  pC. 


6.  (d)  A0  =  nCv  AT 
5  R 


=  2  x  —  x  (35  -  30) 
=  25  R 

=  25  x  8.31  =  208  J 


7.  (c) 


At  t  =  — ,  the  horizontal  distance  travelled  by  P 
is  8 

coRT  2  n  RT  nR 

X  =  vt  =  -  =  —  X -  =  - 

8  T  8  4 

nR 

where  R  is  the  radius  of  the  disc.  Since  -  < 

R  4 

—j= ,  pebble  P  will  land  in  the  unshaded  region. 
V2 


For  pebble  Q,  —j—  <  R,  it  will  also  land  in  the 
unshaded  region. 


8.  (b)  End  correction  e  =  0.3 d  =  0.3  x  4  =  1.2  cm 


Wavelength  A  = 
Now  L  +  e  = 

=>  L  = 


—  =  -  =  0.656  m  =  65.6  cm 

v  512 


A 

4 

A  _ 
4 

16.4 


65.6 

e  =  -  —1.2 


-  1.2  =  15.2  cm 


Section  II 


9.  (a)  In  case  (a),  when  the  disc-stick  system  has  ro¬ 
tated  by  half  a  cycle  (or  n  radian),  point  B  comes 
to  the  front  and  point  A  goes  towards  the  back  as 
shown  in  the  figure  (a). 


Q 


(a) 


Hence  the  disc  is  rotating  about  the  axis  in  the 
vertical  plane  with  angular  frequency  CO . 


In  case  (b),  when  the  disc-stick  system  has  rotated 
by  n/2,  the  points  A  and  B  have  rotated  by  nil 
with  respect  to  a  vertical  axis  and  after  the  system 
has  rotated  by  half  a  cycle  (n  radian),  A  comes  to 
the  front  and  B  goes  towards  the  back  as  shown  in 
Fig.  (b).  Hence  in  both  cases,  the  disc  is  rotating 
about  a  vertical  axis  with  the  same  frequency  as 
the  stick. 


10.  (d) 

11.  (c)  The  mass  of  a  proton  is  very  large  compared 
to  electron  and  antineutrino.  So  all  the  energy  is 
shared  by  the  electron  and  anti-neutrino.  When 
the  kinetic  energy  of  anti-neutrino  is  zero,  the 


IJII.8  Comprehensive  Physics — JEE  Advanced 


maximum  kinetic  energy  of  electron  is  0.8  x  106 
eV  and  vice  versa.  Hence  the  total  kinetic  energy 
of  electron  +  anti-neutrino  is  0.8  x  106  eV. 

12.  (d)  If  the  anti-neutrino  has  a  mass  m  =  3  eV/c2, 
at  will  have  kinetic  energy  =  me 2  =  3  eV. 
Therefore,  the  maximum  kinetic  energy  of  the 
electron  =  (0.8  x  106  -3)  eV,  which  is  only  slightly 
less  than  0.8  x  106  eV.  The  minimum  kinetic 
energy  of  the  electron  is  still  zero.  Hence  correct 
choice  is  (d) 

13.  (c)  The  refractive  index  n  for  meta-materials  is 

sin0,  . 

negative.  Hence  -  is  negative. 

sin  9  2 

Thus  if  0l  is  positive,  02  will  be  negative.  So  the 
current  choice  is  (c). 

c  c 

14.  (b)  N  =  —  =>  v  =  —  ,  which  is  choice  (b) 

v  \n\ 


Since  Xc  =  Ru  current  I{  leads  V  by  45°.  Since 
XL  =  R2,  current  /2  lags  behind  V  by  45°.  So  the 
phase  difference  between  7)  and  /2  is  (j)  =  90°. 


and 


h  = 


V 


20 


l 


Xi+R 


-X, 

10 


V(100)2  +(100)2 


20 


\ lx2L+R22  V(50)2  +(50)2 


=  —A 
5 


/=  \]l2  +  /f  +  2/j/2  cos 90° 


V  10  y 


v  5  , 


Also  frequency  V  =  — .  Since  V  remains  un¬ 
changed,  ^ 


A 


2=3  v  m 
Rn  Aair  A 

Vair 


-  vm  c 

=  4,r  X  —  X - 

c  v^r 


n  • 

=  K\r  — 


c 

v  —  — 
n 


=  TV  ('•'  nm  =  W  and  «air  =  0 

\n\ 


So  choice  (d)  is  wrong. 

Section  III 


15.  (a,  c) 


=  VOT  =  0.316 

-  0.3  A  (up  to  appropriate  signifi¬ 
cant  figure) 


P.D.  across  R,  =  LR ,  =  —  x  100  =  I0V2  V 
111  10 

P.D.  across  R2  =  I2R2  =  ^  x  50  =  I0V2  V 
16.  (a,  b,  c) 


c  =  ioopF  R1  =  ioon 


XL=  coL  =  100  x  0.5  =  50  Q 


E1  =  electric  field  at  O  due  to  -q  at  E  directed 
from  O  to  E 

=  electric  field  at  O  due  to  +q  at  B  directed 
from  O  to  E. 

=  1  1 
4tt£0  1} 

E2  =  electric  field  at  O  due  to  +  2q  at  A  directed 
from  O  to  D 

=  electric  field  at  O  due  to  -q  at  D  directed 
from  O  to  D 
1  2  q 
4ti£0  L2 


=  100  Q 
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The  net  electric  field  at  O  is 

E  =  2El  cos  60°  +  2El  cos  60  °  +  2 E2 
=  E\  +  E\  +  2E2 
=  2EX  +  2E2 

1  2q  1  4 q 

4  n£0  i}  4tt£q  i} 

=  — — %  along  OD 
4  ne0  L2 

So  choice  (a)  is  correct. 

Net  potential  at  O  is 

y=  -=1 _ +  + 

4ne0L  47r£0Z  4ne0L  4^£0Z 


47T£0Z.  47r£0L 

So  choice  (b)  is  also  correct. 

There  are  three  electric  dipoles  (+q  at  F,  -q  at  E), 
(+q  at  B,  -q  at  C)  and  (+2t/  at  A,  -2 q  at  D).  Line 
PR  is  the  perpendicular  bisector  of  all  the  dipoles. 
Hence  the  potential  at  any  point  on  line  PR  due 
to  each  dipole  is  zero. 

17.  (b,  d) 

Let  M  be  the  mass  of  planet  P  and  R  its  radius. 

Then  Mass  of  P  is  M  =  p  x  — 

3 

Mass  of  Q  is  p  x  —(2 R)3  =  8 M(v  surface  area 
3 

of  Q  =  4  times  that  of  P,  therefore  radius  of  Q 

=  2  (radius  of  P)  =  2 R 

Mass  of  R  =  mass  of  P  +  mass  of  Q 

=  M  +  m  =  9M 

Radius  of  R  =  9mR 

The  escape  velocities  of  P,  Q  and  R  are 


vo 

Also  =  2 

VP 

So  the  correct  choices  are  b  and  d. 

18.  (a,  b) 


With  respect  to  the  horizontal  surface,  point  O 
has  a  linear  velocity  VQ  =  3  Rco  along  the  x-axis. 

Hence  Vo  =  3  Rcoi  (see  Fig.  1) 


With  respect  to  the  horizontal  surface,  the  linear 
velocity  of  point  P  is 

V p  =  Vni  +^~  cos  30° k  —  — —  sin30°i 
2  2 


„  „  ?  R(o  V3  -  Rco  1  ? 

=  3Rcoi-\ - x — k - x  — 1 

2  2  2  2 


1 1  i  V3  „  r 

—  Rcoi-\ - itok 

4  4 


19.  (d)  The  linear  acceleration  of  a  body  of  mass  M 
and  radius  R  rolling  down  an  inclined  plane  of 
inclination  0  is  given  by 
gsin0 

ci  =  - j — 

1  + - v 

MR 2 


where  /  is  the  moment  of  intertia  of  the  body  about 
its  centre  of  mass.  Therefore, 


dp 


g  sin  6 


1  + 


Ip 
MR 2 


and 


aQ  = 


g  sin  0 
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Since  cylinder  P  has  most  of  its  mass  concentrated 
near  its  surface  and  Q  has  most  of  its  mass  con¬ 
centrated  near  its  axis,  IP  >  I0.  Hence 

aP  <  aQ 

aP  <  a0  ( v  a  =  Ra) 

Since  or  =  02  -  2a  ( 8);  here  9  =  angular  displace¬ 
ment  and  6  =  —  at2,  it  follows  that  a>P  <  a>g.  So 

the  only  correct  choice  is  (d). 

20.  The  magnetic  field  above  the  wire  is  directed  out 
of  the  plane  of  the  loop  and  below  the  wire  into 
the  plane  of  the  loop.  Hence  the  net  magnetic 


flux  through  the  loop  is  zero.  Therefore,  the  emf 
induced  in  the  loop  is  zero,  irrespective  of  whether 
the  current  is  changing  or  not  changing.  Hence  the 
correct  choices  are  (a)  and  (c). 
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Instructions 

Question  Paper  Format 

Section  1  contains  10  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of 
which  ONLY  ONE  is  correct. 

Section  2  contains  5  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of 
which  ONE  or  MORE  are  correct. 

Section  3  contains  5  questions.  The  answer  to  each  question  is  a  single-digit  integer,  ranging  from  0  to  9 
(both  inclusive). 

Marking  Scheme 

For  each  question  in  Section  1,  you  will  be  awarded  2  marks  if  you  darken  the  bubble  corresponding  to  the 
correct  answer  and  zero  mark  if  no  bubbles  are  darkened.  No  negative  marks  will  be  awarded  for  incorrect 
answers  in  this  section. 

For  each  question  in  Section  2,  you  will  be  awarded  4  marks  if  you  darken  all  the  bubble(s)  corresponding 
to  only  the  correct  answer(s)  and  zero  mark  if  no  bubbles  are  darkened.  In  all  other  cases,  minus  one  (-1) 
mark  will  be  awarded. 

For  each  question  in  Section  3,  you  will  be  awarded  4  marks  if  you  darken  the  bubble  corresponding  to 
only  the  correct  answer  and  zero  mark  if  no  bubbles  are  darkened.  In  all  other  cases,  minus  one  (-1)  mark 
will  be  awarded. 


SECTION-1 

(Only  One  Option  Correct  Type) 


This  section  contains  10  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  is  correct. 


1.  The  work  done  on  a  particle  of  mass  m  by  a  force, 


K 


i  +  - 


\X  +  y )  ( X  +y-j 


J 


(K  being  a 


constant  of  appropriate  dimensions),  when  the  par¬ 
ticle  is  taken  from  the  point  ( a ,  0)  to  the  point  (0, 
a)  along  a  circular  path  of  radius  a  about  the  origin 
in  the  x-y  plane  is: 


(a) 


2  Kn 


(b)  ^ 
a 

(d)  0 


2. 


Kn 

(c)  37 

Two  rectangular  blocks,  having  identical  dimen¬ 
sions,  can  be  arranged  either  in  configuration  I  or 
in  configuration  II  as  shown  in  the  figure.  One  of 
the  blocks  has  thennal  conductivity  K  and  other  2 K. 
The  temperature  difference  between  the  ends  along 
the  x-axis  is  the  same  in  both  the  configurations.  It 
takes  9s  to  transport  a  certain  amount  of  heat  from 
the  hot  end  to  the  cold  end  in  the  configuration  I. 


The  time  to  transport  the  same  amount  of  heat  in 
the  configuration  II  is: 

Configuration  II 


(a)  2.0s  (b)  3.0s 

(c)  4.5s  (d)  6.0s 

3.  Two  non-reactive  monoatomic  ideal  gases  have 
their  atomic  masses  in  the  ratio  2:3.  The  ratio  of 
their  partial  pressures,  when  enclosed  in  a  vessel 
kept  at  a  constant  temperature,  is  4  :  3.  The  ratio  of 
their  densities  is: 

(a)  1  :  4  (b)  1  :  2 

(c)  6  :  9  (d)  8  :  9 

4.  A  particle  of  mass  m  is  projected  from  the  ground 
with  an  initial  speed  u0  at  an  angle  a  with  the 
horizontal.  At  the  highest  point  of  its  trajectory,  it 
makes  a  completely  inelastic  collision  with  another 
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6. 


identical  particle,  which  was  thrown  vertically  up¬ 
ward  from  the  ground  with  the  same  initial  speed 
u0.  The  angle  that  the  composite  system  makes  with 
the  horizontal  immediately  after  the  collision  is: 


(a) 


n 

4 


(b) 


n 


■  +  a 


,  ,  n 

(c) - a 

4 


<">! 


5.  A  pulse  of  light  of  duration  100  ns  is  absorbed  com¬ 
pletely  by  a  small  object  initially  at  rest.  Power  of 
the  pulse  is  30  mW  and  the  speed  of  light  is  3  x 
108  ms1.  The  final  momentum  (in  kg  ms1)  of  the 
object  is 


(a)  0.3  x  1(T17  (b)  1.0  x  1(T17 

(c)  3.0  x  1(T17  (d)  9.0  x  1(T17 

In  the  Young’s  double  slit  experiment  using  a 
monochromatic  light  of  wavelength  X,  the  path 
difference  (in  terms  of  an  integer  n)  corresponding 
to  any  point  having  half  the  peak  intensity  is: 


(a)  (2 n  +  1)| 
(c)  (In  +1)4 


(b)  (2 n  +  1)^ 

(d)  (2 n  +  l)-4 
16 


7.  The  image  of  an  object,  formed  by  a  plano-convex 
lens  at  a  distance  of  8  m  behind  the  lens,  is  real  and 
is  one-third  the  size  of  the  object.  The  wavelength 
,  ,  2 

of  light  inside  the  lens  is  —  times  the  wavelength  in 


10. 


free  space.  The  radius  of  the  curved  surface  of  the 
lens  is: 

(a)  lm  (b)  2m 

(c)  3m  (d)  6m 

One  end  of  a  horizontal  thick  copper  wire  of  length 
2 L  and  radius  2 R  is  welded  to  an  end  of  another 
horizontal  thin  copper  wire  of  length  L  and  radius 
R.  When  the  arrangement  is  stretched  by  applying 
forces  at  two  ends,  the  ratio  of  the  elongation  in  the 
thin  wire  to  that  in  the  thick  wire  is: 

(a)  0.25  (b)  0.50 

(c)  2.00  (d)  4.00 

A  ray  of  light  travelling  in  the  direction  \^{i  +  V3/j 

is  incident  on  a  plane  mirror.  After  reflection,  it 

travels  along  the  direction  —  V3  /j .  The  angle 

of  incidence  is: 

(a)  30°  (b)  45° 

(c)  60°  (d)  75° 

The  diameter  of  a  cylinder  is  measured  using  a  Ver¬ 
nier  callipers  with  no  zero  error.  It  is  found  that  the 
zero  of  the  Vernier  scale  lies  between  5.10  cm  and 
5.15  cm  of  the  main  scale.  The  Vernier  scale  has  50 
divisions  equivalent  to  2.45cm.  The  24th  division 
of  the  Vernier  scale  exactly  coincides  with  one  of 
the  main  scale  divisions.  The  diameter  of  the  cyl¬ 
inder  is: 

(a)  5.112  cm  (b)  5.124  cm 

(d)  5.136  cm  (d)  5.148  cm 


SECTION-2 

(One  or  More  Options  Correct  Type) 

This  section  contains  5  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONE  or  MORE  are  correct. 


11.  In  the  circuit  shown  in  the  figure,  there  are  two  paral¬ 
lel  plate  capacitors  Cj  and  C2,  each  of  capacitance  C 
The  switch  .S)  is  pressed  first  to  fully  charge  the  ca¬ 
pacitor  C,  and  then  released.  Switch  S2  is  then  pressed 
so  that  the  capaciton  C2  is  also  charged.  After  some 
time  S2  is  released  and  switclh  Sj  is  pressed.  Then 

(a)  the  charge  on  the  upper  plate  of  Cj  is  2  CV0 

(b)  the  charge  on  the  upper  plate  of  Cj  is  CV0 

(c)  the  charge  on  the  upper  plate  of  C2  is  zero 

(d)  the  charge  on  the  upper  plate  of  C2  is  -  CV0 


12.  A  particle  of  mass  M  and  positive  charge  Q.  mov- 

~  ~  _i 

ing  with  a  constant  velocity  u ,  —4i  ms  enters  a 
region  of  uniform  static  magnetic  field  normal  to 
the  x  -  y  plane.  The  region  of  the  magnetic  field 
extends  from  x  =  0  to  x  =  L  for  all  values  of  y.  After 
passing  through  this  rgion,  the  particle  emerges  on 
the  other  side  after  1 0  milliseconds  with  a  velocity 

«2  =2 (yfii  +  y'jms-1.  The  correct  statement(s)  is 
(are) 

(a)  The  direction  of  the  magnetic  field  is  z 
direction. 

(b)  The  direction  of  the  magnetic  field  is  +  z 
direction. 
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(c)  The  magnitude  of  the  magnetic  field 
units. 

(d)  The  magnitude  of  the  magnetic  field  is 

IOOttM 
-  units. 

32 

13.  A  horizontal  stretched  string,  fixed  at  two  ends,  is 
vibrating  in  its  fifth  harmonic  according  to  the  equa¬ 
tion,^,  0  =  (0.01m)  sin  [(62.8  nT1)*]  cos[628  s_1)  t\. 
Assuming  n  =  3.14,  the  correct  statements(s)  is 
(are) 

(a)  The  number  of  nodes  is  5. 

(b)  The  length  of  the  string  is  0.25  m. 

(c)  The  maximum  displacement  of  the  midpoint 
of  the  string,  from  its  equilibrium  position  is 
0.01m. 

(d)  The  fundamental  frequency  is  100  Hz 

14.  A  solid  sphere  of  radius  R  and  density  p  is  attached 
to  one  end  of  a  mass-less  spring  of  force  constant  k. 
The  other  end  of  the  spring  is  connected  to  another 
solid  sphere  of  radius  R  and  density  3 p.  the  com¬ 


plete  arrangement  is  placed  in  a  liquid  of  density 
2 p  and  is  allowed  to  reach  equilibrium.  The  correct 
statement(s)  is  (are) 


(a)  the  net  elongation  of  the  spring  is 


AnR^pg 

3k 


(b)  the  net  elongation  of  the  spring  is 


8  nR3pg 
3k 


(c)  the  light  sphere  is  partially  submerged. 

(d)  the  light  sphere  is  completely  submerged. 

15.  Two  non-conducting  solid  spheres  of  radii  R  and 

2 R,  having  uniform  volume  charge  densities  px  and 
p2  respectively,  touch  each  other.  The  net  electric 
field  at  a  distance  2 R  from  the  centre  of  the  smaller 
sphere,  along  the  line  joining  the  centres  of  the 


spheres,  is  zero,  the  ratio  —  can  be. 

Pi 


(a)  -4 

(b)  - 

32 

(c)  — 

25 

(d)  4 

32 

25 


SECTION-3 


(Integer  Value  Correct  Type) 


This  section  contains  5  questions.  The  answer  to  each  question  is  a  single  digit  integer,  ranging  from  0  to  9  ( both 
inclusive). 


16.  A  bob  of  mass  m,  suspended  by  a  string  of  length  lx, 
is  given  a  minimum  velocity  required  to  complete  a 
full  circle  in  the  vertical  plane.  At  the  highest  point, 
it  collides  elastically  with  another  bob  of  mass  m 
suspended  by  a  string  of  length  /2,  which  is  initially 
at  rest.  Both  the  strings  are  mass-less  and  inexten- 
sible.  If  the  second  bob,  after  collision  acquires  the 
minimum  speed  required  to  complete  a  full  circle 

l 

in  the  vertical  plane,  the  ratio  —  is 

4 

17.  A  particle  of  mass  0.2  kg  is  moving  in  one  dimen¬ 
sion  under  a  force  that  delivers  a  constant  power  0.5 
W  to  the  particle.  If  the  initial  speed  (in  ms-1)  of  the 
particle  is  zero,  the  speed  (in  ms-1)  after  5  s  is 

18.  The  work  functions  of  Silver  and  Sodium  are  4.6 
and  2.3  eV,  respectively.  The  ratio  of  the  slope  of 
the  stopping  potential  versus  frequency  plot  for  Sil¬ 
ver  to  that  of  Sodium  is 

19.  A  freshly  prepared  sample  of  a  radioisotope  of 
half-life  1386  s  has  activity  103  disintegrations  per 
second.  Given  that  In  2  =  0.693,  the  fraction  of  the 
initial  number  of  nuclei  (expressed  in  nearest  inte¬ 
ger  percentage)  that  will  decay  in  the  first  80  s  after 
preparation  of  the  sample  is 


20.  A  uniform  circular  disc  of  mass  50  kg  and  radius 
0.4  m  is  rotating  with  an  angular  velocity  of  10  rad 
s  1  about  its  own  axis,  which  is  vertical.  Two  uni¬ 
form  circular  rings,  each  of  mass  6.25  kg  and  radius 
0.2  m,  are  gently  placed  symmetrically  on  the  disc 
in  such  a  manner  that  they  are  touching  each  other 
along  the  axis  of  the  disc  and  are  horizontal.  As¬ 
sume  that  the  friction  is  large  enough  such  that  the 
rings  are  at  rest  relative  to  the  disc  and  the  system 
rotates  about  the  original  axis.  The  new  angular 
velocity  (in  rad  s_1)  of  the  system  is 


Answers 

Section- 1 

1. 

(d) 

2.  (a) 

3. 

(d) 

4. 

(a) 

5.  (b) 

6. 

(b) 

7. 

(c) 

8.  (c) 

9. 

(a) 

10. 

(b) 

Section-2 
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(b,  c) 

12.  (a,  c) 

13. 

(b,  c) 

14. 
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15.  (b,  d) 
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16.  5 
19.  4 


Section- 3 

17.  5 
20.  8 


18.  1 


Hints  and  Solutions 

W  =  JV  .dr 


J  Fx  dx  +  \  Fy  dy 

xdx 


(0  ,a 

-K  J 


(M 

+  A  J 


ydy 


(a,0)(x2 +y2f'~  (a,o)(x2+/) 


\3/2 


K 

/  2  2 \  1/2 

(M  % 

/  2  2  \  172 

— 

(x  +  y  ) 

— 

(V  +  J  j 

2 

(a, 0)  2 

(M 

M) 


=  -  0  -  0 
=  0 


4.  At  the  highest  point  A,  both  the  particles  have  the 
same  potential  energy  (=  mg  h).  Since  the  total 
energy  (K.E.  +  P.E)  is  conserved,  the  two  particles 
has  equal  kinetic  energy  and  hence  equal  speed  at 
A.  Speed  of  particle  1  atH  is  ux  =  u  cos  a.  Hence  the 
speed  of  2  at  A  will  be  v  =  u0  cos  a.  The  final  velou- 
ity  of  the  composite  mass  (since  the  particles  stick 
after  perfectly  inelasric  collision)  will  be  along  the 
resultant  along  AC.  Therefore, 


Q  AT  , 

2.  —  = - ;  (R  =  thermal  resistance) 

t  R 

=*  °--L 

AT  R 


(i) 


Since  Q  and  AT  are  the  same,  —  =  constant.  Hence 

R 

h  _  h 

Rx  R2 

l  I  3 1 

Configuration  1:  R{= - h 


KA  2KA  2KA 

„  £  .  „  1  2  KA  KA  3  KA 

Configuration  2:  —  = - 1 - = - 

R,  l  l  l 


R2  = 


Using  these  in  (i), 


3  KA 


„  CD  v  ut,  cos  a 

tan  9=  - =  —  =  — - =  1 

AD  ux  u0  cos  a 

=>  0  =  45° 

_  „  E  Power  x  At 

5.  Momentum  =  —  = - 

c  c 

(30xl0“3)x(l00xl0“9) 

3  x  10s 

=  1.0  x  1(T17  kg  ms-1 

6.  /  =  4/0  cos2  ’  A</*  =  phase  difference 

*  *  Anax  —  ‘  I  —  ~  Anax  —  ^0 


2 /„  =  4/0  cos^ 


_  '2 


31/2  KA  1/3  KA 

PM 


A  =  2s 


3.  PV=  n  RT  - 


=  n  RT  =>  PM=  n  p  RT 


Since  R  and  T  are  constant,  then  for  given  n 
PM 

=  constant 


or 


P 

PxM\ 

Pi 


PlM  2 

p2 


fA<^  ,1 

V  2  J  42 

Ad)  n  3n  5n  ,  n 

—  =  =  (2  n  +  1)- 

2  4  4  4  4 


where  n  =  0,  1,2, 


n 


or  Ap  =  (2  n  +1)  — 

2n  k 

=>  — Ax  =  (2 n  +  1)  —  ;  Ay  =  path  difference 

A  2 


Pi_  = 
P2 


X 

f  Ml" 

v/2  y 

_  4  2_  8 

~  3X  3~  9 


Ax  =  (2n  +1)  — 
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I_I 

v  u 


7 


111 

=> - -  —  =  =>  /  =  6m 

8  -24  /  J 

If  A  is  the  wavelength  of  light  in  the  lens  and  A0  in 
air,  then 

v  =  vA 
c  =  vAn 


c  _  A0  .  3  _  A0 
U  —  —  r,  A  - 

^  u  A  n 

92  9 

Given  A  =  0  .  Hence  u  =  —  =1.5 

3,u  2 


7^-') 


A___i  - 

V  R\  R2  J 


=  (1-5  -  1) 


\R\  °°  j 


05 


8.  Y  = 


6 

FL 


1  0.5  „ 

-  =  —  =>/?,=  3m 

r  r>  1 


FL 


AA  L  nr2AL 
A  L  =  FL 


nr2Y 


Since  Y  and  F  is  the  same  for  both  wires, 

(A4  _ 


(A4 


V 

X 

\L2  y 

V 

(2  L' 

X 

l  L  y 

l 

(  \ 2 
r2 


„  1  1 

=  2  x  -  =  - 
4  2 


(A4  =2 


"  (A4 


b  =  7  (/  -  V3  y) 


Magnitude  of  a  is  a  =  ^-(l  +  3)1  =1 

Magnitude  of  b  is  b  =  ^-(l  +  3)1  ~  =  1 
If  9  is  the  angle  between  a  and  b  then 
a .  b 


cos  6  = 


ab 


lxl 

l_ 

~~  2 
9  =  120° 

180°  -9  180°- 120° 


i  = 


=  30° 


2  2 

10.  Least  count  =  value  of  1  MSD  -  value  of  1  VSD 

2.45 

=  0.05  cm  -  -  cm 

50 

=  0.05  -  0.049  =  0.001  cm 
Diameter  =  5.10  cm  +  24  x  0.001  cm 
=  5.10  cm  +  0.024  cm 
=  5.124  cm 

11.  When  only  Sx  is  pressed,  capacitor  Cx  is  charged. 
Charge  on  the  upper  plate  of  Cx  is  +  2 CV0 
(see  Fig.  1.) 


2CV0^r 


±  ,  2 CV0 


Fig.  1. 

When  Sj  is  released  and  S2  is  pressed,  charge  will 
flow  from  C,  to  C2  until  they  acquire  equal  charge 
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because  they  have  the  same  capacitance  (conserva¬ 
tion  of  charge)  as  shown  in  Fig.  2. 


we  get 


2CVn 


CV0  -  q-\ 


Fig.  2. 

When  S2  is  relased  and  53  is  pressed  (see  Fig.  3), 


rL  Vn 


the  upper  plate  of  C2  acquires  a  charge  q2  =  -  CV0 
so  that  the  net  charge  on  this  plate  is  q  =  ql+  q2  = 
CV0  -  CV0  =  0 

12.  From  Fleming’s  left-hand  rule,  the  direction  of  the 
magnetic  field  B  will  be  along  negative  z-direction. 

?  3 


u2  =  2  (yj3  i  +  /j  ms  1 


tan  6  =  —j=  =  —j=  =>  0  =  30°  =  —  rad 
2v3  v 3  6 


t  = 


9M 

~QB 


n 


>10  x  10-13  =  v  6 


x  M 


QB 

„  50  Km 

=>  B  =  - units 

30 

13.  Comparing  the  given  equation  with  the  standing 
wave  equation 

y(x,  t)  =  2 a  sin  ( kx )  cos  (cot) 


2k 

k  =  62.8  =>  —  =  62i 

A 

A^^^^O.lm 

62.8 


and  co  =  628  =>  2 nv  =  628  v  = 
Hz 


628 


2x3.14 


=  100 


Since  the  string  is  vibrating  it  the  fifth  harmonic, 
the  number  of  nodes  =  6.  (see  figure) 

5  A 

=  L  (L  =  length  of  string) 


,  5x0.1 

L  =  -  =  0.25  m 


N 


There  is  an  antinode  at  the  mid-point  of  the  string 
where  y  is  maximum.  From  the  given  equation, 


y  n 


=  0.01  m 


Fundemental  ffequenty  v0  = 
=  20  Hz 

14.  Volume  of  each  sphere  is  V= 


v  _  vA  _  100  x  0.1 
2L  ~  2L  ~  2  x  0.25 


4  nR3 


Mass  of  sphere  A  is  m{  =  pV  and  of  sphere  B  is  m2 
=  3 pV  (see  Fig). 


(a)  (b) 

Fig  (a) 

The  forces  acting  on  mi  are  its  weight  npg  and  up¬ 
thrust  Ul  =  weight  of  the  liquid  displaced  by  it  = 
2 pVg.  The  forces  acting  on  m2  are  its  weight  m2g 
and  upthrust  U2  =  2 pVg  (Fig.  a).  Net  force  acting  on 
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A  =  Ul-mlg  =  2pVg-  pVg=  pVg  acting  upwords. 
Net  force  acting  on  B  =  m2g  -  U2  =  3pVg  -  2pVg 
=  pVg  acting  downwards  (Fig.  b).  so  the  tension  in 
the  spring  when  equilibrium  is  attained  =  pVg.  If  x 
is  the  extension  of  the  spring,  then 


kx  =  pVg  =  p  x 


4  nR~ 


xg 


=>  x  = 


4  nR3pg 
3 k 


In  equilibrium,  the  total  force  acting  on  A  is  FA  = 
kx  +  Wx  =  pVg  +  pVg  =  2pVg  which  is  equal  to 
upthrust  Ul.  Hence  it  is  completely  submerged. 

15.  Let  P  and  Q  be  the  two  points  at  a  distance  2 R  on  the 
line  joining  the  centres  Ox  and  02  of  the  spheres. 


Sphere  2 


An  %  An  -> 

Qi  =  —  R3  Pi  and  Qi=  ~  (2R?  P2 

Electric  field  at  P  will  be  zero  if 


a  M 

AneQ{OxP)2  3eo 


-R3Pi 
3  1 


p2R 


Ane0  x  (2 R)  3e0 

Electric  field  at  Q  will  be  zero  if 

Q\  ,  Qi 


=>  —  =  4 


Pi 


-  +  - 


-R^Pi 

3  1 


Ane0{OxQ)2  Ane0(O2Q)2 

-  +  -* - —  =  o 


=  0 


Ane0(2R)  Ane0(5R) 


^  Pk=J2_ 

P2  25 

16.  The  minimum  velocity  which  the  bob  must  have  is 
given  by 

Pi  = 

It  is  then  at  the  lowest  point  of  the  circle.  From  en¬ 
ergy  conservation,  its  velocity  at  the  highest  point 
will  be 


01  =  4sh 

Since  the  bobs  are  identical  and  the  collision  is 
elastic,  their  merely  exchange  their  velocities  on 
collision.  Hence  the  second  bob  will  have  a  veloc¬ 
ity  u2  =vx=  .  In  order  to  complete  the  vertical 
circle, 

4sh  =  'fish  =>  y  =  5 

17.  Power  P  =  0.5  W.  Work  done  in  5  s  is 

( v  P  =  constant) 

/  t 

W  =  \p  dt  =  pjdt  =  P  X  t  =  0.5  x  5  =  2.5  J 
o  o 

From  work  energy  theorem,  work  done  =  change  in 
kinetic  energy.  Hence 

1  7 

-  mv  =  W 

2 

=>  —  x  0.2  x  v2  =  2.5  =>  v2  =  25  =>  v  =  5  ms-1 

2 


18  From  Einstein’s  photoelectric  equation 


~  Kmzx  +  wo 


=  eV0  +  IV, 


Fn=  -  v - ^ 


0 


Wn 


Ti 

Therfore,  the  slope  of  V0  versus  v  graph  is  —  which 

e 

is  constant  independent  of  work  function  W0. 

19.  Half  life  T  is  related  to  disintegration  constant  A  as 
0.693 


T  = 


A 


.  0.693  0.693  ,  )n_4 

=»  A= - = - =  5x10  s 

T  1386 

Now  N=N0e~Xt 

The  fraction  of  nuclei  disintegrated  in  t  =  80  s  is 

=  Nq-  N  _  j  _  _  j  _  e~\t  _  j  _  e-s  x  io"1  x  so 

1  N0  Na 


v0 
-0.04 


=>  /=  l  re¬ 

using  e~a  =  1  -  a  for  a  «  1,  we  have 


/=  1  -  (1  -  0.04)  =  0.04 

Percentage  disintegrated  =  0.04  x  100=  4% 

20.  Moment  of  inertia  of  the  disc  before  the  rings  are 
placed  (Fig.  a)  about  O  is 
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/  =  - MR 2 
2 

Using  parallel-axes  theorem,  the  moment  of  inertia 
of  each  ring  about  O  is  (Fig.  b) 

2  2  2 
/  j  =  It  =  mr  +  mr  =  2  mr 

Moment  of  inertia  of  the  system  about  O  after  the 
rings  are  placed  is 

/'  =  /+/,  +  /2  =  ^MR2  +  2mr2  +  2  mr2 


=  -MR2  +  4  mr2 
2 


=  -MR2  +  4m  |  — 
2 


(iU2 

\2/ 


_  R 
~  ~2 


=  -MR2  +  mR 2 
2 

=  ^(M  +  2m)  R2 

From  conservation  of  angular  momentum,  we  have 
Icq  =  / oq' 


Icq 


cq  = 


-MR2cq 

2 


r  ^(M  +  2m)R2 


Mcq 
M  +  2m 

50x10 

”  50  +  2x6.25 

=  8 
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Instructions 

Question  Paper  Format 

Section  1  contains  8  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of 
which  ONE  or  MORE  are  correct. 

Section  2  contains  4  paragraphs.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which  ONE  or 

MORE  are  correct. 

Section  3  contains  4  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of 
which  ONE  or  MORE  are  correct. 

Marking  Scheme 

For  each  question  in  Section  1,  you  will  be  awarded  2  marks  if  you  darken  the  bubble  corresponding  to  the 
correct  answer  and  zero  mark  if  no  bubbles  are  darkened.  No  negative  marks  will  be  awarded  for  incorrect 
answers  in  this  section. 

For  each  question  in  Section  2,  you  will  be  awarded  4  marks  if  you  darken  all  the  bubble(s)  corresponding 
to  only  the  correct  answer(s)  and  zero  mark  if  no  bubbles  are  darkened.  In  all  other  cases,  minus  one  (-1) 
mark  will  be  awarded. 

For  each  question  in  Section  3,  you  will  be  awarded  4  marks  if  you  darken  the  bubble  corresponding  to 
only  the  correct  answer  and  zero  mark  if  no  bubbles  are  darkened.  In  all  other  cases,  minus  one  (-1)  mark 
will  be  awarded. 

SECTION-1 

(One  or  More  Options  Correct  Type) 


This  section  contains  8  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 


ONE  or  MORE  are  correct. 

1.  The  figure  below  shows  the  variation  of  specific 
heat  capacity  (c)  of  a  solid  as  a  function  of  tempera¬ 
ture  ( T ).  The  temperature  is  increased  continuously 
from  0  to  500  K  at  a  constant  rate.  Ignoring  any 
volume  change,  the  following  statement(s)  is  (are) 
correct  to  a  reasonable  approximation. 


(a)  the  rate  at  which  heat  is  absorbed  in  the  range 
0  -  100  K  varies  linearly  with  temperature  T. 


(b)  heat  absorbed  in  increasing  the  temperature 
from  0  -  1 00  K  is  less  than  the  heat  required  for 
increasing  the  temperature  from  400  -  500  K. 

(c)  there  is  no  change  in  the  rate  of  heat  absorp¬ 
tion  in  the  range  400  -  500  K 

(d)  the  rate  of  heat  absorption  increases  in  the 
range  200  -  300  K 

2.  The  radius  of  the  orbit  of  an  electron  in  a  Hydrogen¬ 
like  atom  is  4.5  a0,  where  a0,  is  the  Bohr  radius.  Its 

3  h 

orbital  angular  momentum  is _ It  is  given  that  h 

2k 

is  Planck  constant  and  R  is  Rydberg  constant.  The 
possible  wavelength( s),  when  the  atom  de-excites, 


is/are 

(a)  32 R 

(b) 

9 

16R 

(c)  — 

5  R 

(d) 

4 

3 R 
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3.  Using  the  expression  2d  sin  9  =  A,  one  calculates 
the  values  of  d  by  measuring  the  corresponding 
angles  9  in  the  range  0  to  90°.  The  wavelength  A  is 
exactly  known  and  the  error  in  9  is  constant  for  all 
values  of  9.  As  9  increases  from  0°, 

(a)  the  absolute  error  in  d  remains  constant 

(b)  the  absolute  error  in  d  increases 

(c)  the  fractional  error  in  d  remains  constant 

(d)  the  fractional  error  in  d  decreases 

4.  Two  non-conducting  spheres  of  radii  R{  and  R2 
carrying  uniform  volume  charge  densities  +  p  and 
-p,  respectively,  are  placed  such  that  they  partially 
overlap  as  shown  in  the  figure.  At  all  points  in  the 
overlapping  region, 


(a)  the  electrostatic  field  is  zero 

(b)  the  electrostatic  potential  is  constant 

(c)  the  electrostatic  field  is  constant  in 
magnitude 

(d)  the  electrostatic  field  has  same  direction 

5.  A  Steady  current  /  flows  along  an  infinitely  long 
hollow  cylindrical  conductor  of  radius  R.  This  cyl¬ 
inder  is  placed  coaxilly  inside  an  infinite  solenoid 
of  radius  2 R.  The  solenoid  has  n  turns  per  unit 
length  and  carries  a  steady  current  /.  consider  a 
point  P  at  a  distance  r  from  the  common  axis.  The 
correct  statement(s)  is  (are) 

(a)  In  the  region  0  <  r  <  R,  the  magnetic  field 
is  non-zero 

(b)  In  the  region  R  <  r  <  2 R,  the  magnetic  field 
is  along  the  common  axis. 

(c)  In  the  region  R  <  r  <  2 R,  the  magnetic  field 
is  tangential  to  the  circle  of  radius  r,  centered 
on  the  axis. 

(d)  In  the  region  r  >  2 R,  the  magnetic  field  is 
non-zero. 

6.  Two  vehicles,  each  moving  with  speed  u  on  the 
same  horizontal  straight  road,  are  approaching  each 
other.  Wind  blows  with  velocity  w.  One  of  these 
vehicles  blows  a  whistle  of  frequency/,.  An  ob¬ 
server  in  the  other  vehicle  hears  the  frequency  of 
the  whistle  to  be  f2.  The  speed  of  sound  in  still  air 
is  V.  The  correct  statement(s)  is  (are) 


(a)  If  the  wind  blows  from  the  observer  to  the 
source,  f2  >/,. 

(b)  If  the  wind  blows  from  the  source  to  the 
observer,  f2  >  /, 

(c)  If  the  wind  blows  from  observer  to  the 
source,  f2  <  /, 

(d)  If  the  wind  blows  from  the  source  to  the 
observer,  f2  </, 

7.  Two  bodies,  each  of  mass  M,  are  kept  fixed  with 
a  separation  2 L.  A  particle  of  mass  m  is  projected 
from  the  midpoint  of  the  line  joining  centres,  per¬ 
pendicular  to  the  line.  The  gravitational  constant  is 
G.  The  correct  statement(s)  is  (are) 

(a)  The  minimum  initial  velocity  of  the  mass  m 
to  escape  the  gravitational  field  of  the  two 


bodies  is  4 


GM 


(b)  The  minimum  initial  velocity  of  the  mass  m 
to  escape  the  gravitational  field  of  the  two 


bodies  is  2 


GM 


(c)  The  minimum  initial  velocity  of  the  mass  m 
to  escape  the  gravitational  field  of  the  two 


bodies  is 


2  GM 


L 


(d)  The  energy  of  the  mass  m  remains  constant. 


8.  A  particle  of  mass  m  is  attached  to  one  end  of  a 
mass-less  spring  of  force  constant  k,  lying  on  a 
frictionless  horizontal  plane.  The  other  end  of  the 
spring  is  fixed.  The  particle  starts  moving  horizon¬ 
tally  from  its  equilibrium  position  at  time  t  =  0  with 
an  initial  velocity  u0.  When  the  speed  of  the  particle 
is  0.5  u0,  it  collides  elastically  with  a  rigid  wall. 
After  this  collision 


(a)  the  speed  of  the  particle  when  it  returns  to 
its  equilibrium  position  is  «0 

(b)  the  time  at  which  the  particle  passes  through 
the  equilibrium  position  for  the  first  time  is 

t  =  n 

(c)  the  time  at  which  the  maximum  compression 

„  ,  .  .  4 n  \m 

of  the  spring  occurs  is  t  =  — .  — 

3  V  k 

(d)  the  time  at  which  the  particle  passes  through 
the  equilibrium  position  for  the  second  time 

5n 

t  =  — 

3 
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SECTION-2 
(Paragraph  Type) 


This  section  contains  4  paragraphs  each  describing  theory,  experiment,  data  etc.  Eight  questions  related  to  four 
paragraphs  with  two  questions  on  each  paragraph.  Each  question  of  a  paragraph  has  only  one  correct  answer  among 
the  four  choices  (a),  (b),  (c)  and  (d). 


Paragraph  for  Questions  9-10 

A  small  block  of  mass  1  kg  is  released  from  rest  at  the  top 
of  a  rough  track.  The  track  is  a  circular  arc  of  radius  40 
m.  The  block  slides  along  the  track  without  toppling  and 
a  frictional  force  acts  on  it  in  the  direction  opposite  to  the 
instantaneous  velocity.  The  work  done  in  overcoming  the 
friction  up  to  the  point  Q,  as  shown  in  the  figure  below,  is 
150  J.  (Take  the  acceleration  due  to  gravity,  g  =  10  ms~2) 


9.  The  speed  of  the  block  when  it  reaches  the  point  Q  is 
(a)  5  ms-1  (b)  10  ms-1 

(c)  10^3  ms-1  (d)  20  ms-1 

10.  The  magnitude  of  the  normal  reaction  that  acts  on 
the  block  at  the  point  Q  is 
(a)  7.5  N  (b)  8.6  N 

(c)  11.5  N  (d)  22.5  N 


Paragraph  for  Questions  11-12 

A  thermal  power  plant  produces  electric  power  of  600 
kW  at  4000  V,  which  is  to  be  transported  to  a  place  20  km 
away  from  the  power  plant  for  consumers'  usage.  It  can 
be  transported  either  directly  with  a  cable  of  large  current 
carrying  capacity  or  by  using  a  combination  of  step-up  and 
step-down  transformers  at  two  ends.  The  drawback  of  the 
direct  transmission  is  the  large  energy  dissipation.  In  the 
method  using  transformers,  the  dissipation  is  much  smaller. 
In  this  method,  a  step-up  transformer  is  used  at  the  plant 
side  so  that  the  current  is  reduced  to  a  smaller  value.  At  the 
consumers'  end,  a  step-down  transformer  is  used  to  supply 
power  to  the  consumers  at  the  specified  lower  voltage.  It  is 
reasonable  to  assume  that  the  power  cable  is  purely  resistive 
and  the  transformers  are  ideal  with  a  power  factor  unity. 
All  the  currents  and  voltages  mentioned  are  rms  values. 

11.  If  the  direct  transmission  method  with  a  cable  of 
resistance  0.4 12  km  1  is  used,  the  power  dissipation 
(in  %)  during  transmission  is. 

(a)  20  (b)  30 

(c)  40  (d)  50 


12.  In  the  method  using  the  transformers,  assume  that 
the  ratio  of  the  number  of  turns  in  the  primary  to 
that  in  the  secondary  in  the  step-up  transformer  is 
1:10.  If  the  power  to  the  consumers  has  to  be  sup¬ 
plied  at  200  V,  the  ratio  of  the  number  of  turns  in  the 
primary  to  that  in  the  secondary  in  the  step-down 
transformer  is. 

(A)  200  :  1  (B)  150  :  1 

(C)  100  :  1  (D)  50  :  1 


Paragraph  for  Questions  13-14 

A  point  charge  Q  is  moving  in  a  circular  orbit  of  radius  R 
in  the  x-y  plane  with  an  angular  velocity  co.  This  can  be 
considered  as  equivalent  to  a  loop  carrying  a  steady  current 

.  A  uniform  magnetic  field  along  the  positive  z-axis  is 
2  n 

now  switched  on,  which  increases  at  a  constant  rate  from 
0  to  B  in  one  second.  Assume  that  the  radius  of  the  orbit 
remains  constant.  The  application  of  the  magnetic  field 
induces  an  emf  in  the  orbit.  The  induced  emf  is  defined  as 
the  work  done  by  an  induced  electric  field  in  moving  a  unit 
positive  charge  around  a  closed  loop.  It  is  known  that,  for  an 
orbiting  charge,  the  magnetic  dipole  moment  is  proportional 
to  the  angular  momentum  with  a  proportionally  constant  y. 

13.  The  magnitude  of  the  induced  electric  field  in  the 
orbit  at  any  instant  of  time  during  the  time  interval 
of  the  magnetic  field  change  is. 


,  ,  br 

(a)  — 

(c)  BR 


(d)  2 BR 


14. 


The  change  in  the  magnetic  dipole  moment  associ¬ 
ated  with  the  orbit,  at  the  end  of  the  time  interval 
of  the  magnetic  field  change  is. 


(a) 

(c) 


-yBQR2 

bQr1 


(b) 

(d) 


BQR2 
~7  2 
yBQR 2 


Paragraph  for  Questions  15-16 

The  mass  of  a  nucleus  \X  is  less  than  the  sum  of  the  masses 
of  (A  Z)  number  of  neutrons  and  Z  number  of  protons  in  the 
nucleus.  The  energy  equivalent  to  the  corresponding  mass 
difference  is  known  as  the  binding  energy  of  the  nucleus. 
A  heavy  nucleus  of  mass  M  can  break  into  two  light  nuclei 
of  masses  m  l  and  m2  only  if  (;n,  +  m2)  <  M.  Also  two  light 
nuclei  of  masses  m3  and  m4  can  undergo  complete  fusion  and 
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form  a  heavy  nucleus  of  mass  /l/  only  if  (m3  +  m4)  >  A/.  The 
masses  of  some  neutral  atoms  are  given  in  the  talble  below: 

m  ( 3  Li)  =  6.015123u,  m(\ He)  =  4.002603u 

m(l  H)  =  2.014102u,  m(gi°Po)  =  209.982876u 

,w(s26Pb)  =  205.974455u  and  lu  =  932  MeV 

15.  The  correct  statement  is. 

(a)  The  nucleus  3  Li  can  emit  an  alpha  particle 


(b)  The  nucleus  g4°  Po  can  emit  a  proton 

(c)  Deuteron  and  alpha  particle  can  undergo 
complete  fusion 

70  87 

(d)  The  nuclei  30  Zn  and  34  Se  can  undergo  com¬ 
plete  fusion 

16.  The  kinetic  energy  (in  keV)  of  the  alpha  particle, 

710 

when  the  nucleus  §4  Po  at  rest  undergoes  alph  de¬ 
cay,  is 

(a)  5319  (b)  5422 

(c)  5707  (d)  5818 


SECTION-3 
(Matching  List  Type  ) 


This  section  contains  4  multiple  choice  questions.  Each  question  has  matching  lists.  The  codes  for  the  lists  have 
choices  (a),  (b),  (c)  and  (d)  out  of  which  ONLY  ONE  is  correct. 


17.  One  mole  of  a  monatomic  ideal  gas  is  taken  along 
two  cyclic  processes 

E  -»  F  — »  G  — »  E  and  A  —» F  —>//—»  is  as  shown  in 
the  PV  diagram.  The  processes  involved  are  purely 
isochoric,  isobaric,  isothermal  or  adiabatic. 


(P) 

(Q) 

(R) 

(S) 

Code: 

(a) 

(b) 

(c) 

(d) 


List  I 

G-+E 

G->H 

F->H 

F^G 


P 

4 

4 

3 

1 


Q 

3 

3 

1 

3 


List 

(1)  1 60  P0  V0  ln2 

(2)  36  F0  V0 

(3)  24  P0  V0 

(4)  31P0V0 


R 

2 

1 

2 

2 


S 

1 

2 

4 

4 


18.  Match  List-I  of  the  nuclear  processes  with  List-II 
containing  parent  nucleus  and  one  of  the  end  prod¬ 
ucts  of  each  process  and  then  the  correct  answer 
using  the  codes  given  below  the  lists: 


List-I 

List-II 

(P) 

Alpha  decay 

(1) 

*50^5  N 

+  .... 

(Q) 

/T  decay 

(2) 

238  tt  .234 
92  u  '90 

Th  +  . 

(R) 

Fission 

(3) 

185r;  d84 
83  131  3  82 

Pb  +  . 

(S) 

Proton  emission 

(4) 

239  p  140 

94  rU  *57 

1  La  + 

Code: 

P 

Q 

R 

S 

(a) 

4 

2 

1 

3 

(b) 

1 

3 

2 

4 

(c) 

2 

1 

4 

3 

(d) 

4 

3 

2 

1 

19.  A  right  angled  prism  of  refractive  index  is  placed 
in  a  rectangular  block  of  refractive  index  /J.2,  which 
is  surrounded  by  a  medium  of  refractive  index  ,u3,  as 
shown  in  the  figure.  A  ray  of  light  '<?'  enters  the  rect¬ 
angular  block  at  normal  incidence.  Depending  upon 
the  relationships  between  fix,  ,U2  and  ,U3.  it  takes  one 
of  the  four  possible  paths  'ef,  'eg',  'eh'  or  'ei'. 


Match  the  paths  in  List  I  with  conditions  of  refrac¬ 
tive  indices  in  List  II  and  select  the  correct  answer 
using  the  codes  given  below  the  lists: 
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List  I 

List 

[P]  e^f 

(1)  Mi  >^2d2 

[Q] 

(2)  m2  >  Mi  and  m2  >  M3 

[R]  e-+h 

(3)  Mi  =  M2 

[S]  <?-»! 

(4)  m2  <  Mi  <  ^2  M2  and  M2  >  M3 

Codes: 

P 

Q  R  S 

(a)  2 

3  1  4 

(b)  1 

2  4  3 

(c)  4 

1  2  3 

(d)  2 

3  4  1 

20.  Match  List  I  and  List  II  and  select  the  correct  an¬ 
swer  using  the  codes  given  below  the  lists: 

List  I  List  II 

[P]  Boltzmann  constant  (1)  [ML2T  '] 

[Q]  Coefficient  of  viscosity  (2)  [ML-1  T_1] 

[R]  Planck  constant  (3)  [MLT  3  K '] 

[S]  Thermal  conductivity  (4)  [ML2  T  3  K  '] 

Codes: 


P 

Q 

R 

S 

(a) 

3 

l 

2 

4 

(b) 

3 

2 

1 

4 

(c) 

4 

2 

1 

3 

(d) 

4 

1 

2 

3 

Answers 

Section- 1 

1. 

(a,  b,  d) 

2-  (a,  c) 

3. 

(d) 

4. 

(c,  d) 

5.  (a,  d) 

6. 

(a,  b) 

7. 

(b,  d) 

8.  (a,  d) 

Section- 2 

9. 

(b) 

10.  (a) 

11. 

(b) 

12. 

(a) 

13.  (a) 

14. 

(b) 

15. 

(c) 

16.  (A) 

Section- 3 

17. 

(a) 

18.  (c) 

19. 

(d) 

20. 

(c) 

Hints  and  Solutions 

1.  The  heat  energy  AQ  absorbed  by  a  solid  of  mass  m 
when  its  temperature  is  increased  by  AT  is  given  by 
AO  =  mCAT 

The  rate  at  which  heat  is  absorbed  is  given  by 


^  =  mC^ 


At 


dt 


AT 

It  is  given  that  -  is  constant.  In  the  range  0  to 

dt 

1 00  K,  C  increases  linearly  with  T.  so  choice  (a)  is 
correct.  The  slope  of  C  -  T  graph  is  higher  in  the 
range  0  -  100K  than  in  the  range  200  to  300  K.  So 
choices  (b)  and  (d)  are  also  correct.  In  the  range 
400-500  K,  C  increases  slightly  will  T.  So  choice 
(c)  is  only  approximately  correct. 

2.  Bohr's  quantization  condition  is 

nh 


L  = 
3/7 


2k 


It  given  that  L  =  — .  Hence  n  =  3. 
2  n 


Now  -  =  RZZ 
A 


1  1 


V  n2 


n\  J 


Radius  of  n  th  orbit  is  given  by 

n2 

rn  =  %  X  ^7 

Given  =4.5  an.  Therefore 


4.5  ciq  ciq  x  ^ 
z 


Z=  2 


i  i 


3 

The  possible  wavelengths  correspond  to  77  =  1  and 
77  =2 


~K 

1 


=  4R\ 

l2  32 


1  1 


and  —  =  4R\  — 

A sy 


K  = 


32  R 


=>  An  —  — 
"  5  R 


A 


3.  2d  sin  0  =  A 
=>  d  = 

2  sin  G 

Differentiating  (i)  w.r.t  9, 


Ad  A.  .  Acot0 

—  =  —(-cosect/  cot 9 )  = - 

A9  2 v  '  sin0 


Ad  = 


A  cot# 


A  9 


(1) 


(2) 


sin# 

Dividing  (2)  by  (1) 

—  =  -(cot  0)  A9 
d 

Since  A9  is  given  to  be  constant,  the  fractional  error 
Ad  , 

—  decreases. 
d 
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4.  Charge  on  sphere  of  radius  Rx  is 


Electric  field  at  point  P  due  to  charge  Q  is 

Ep  =  ^  =  PJLl  directed  from  O,  to  P 

4ns0  R2  3e0 

Electric  field  at  p  due  to  Qx  is  ( v  Ql  is  negative) 

—  1  P  T2 

Ep  =  — -  directed  from  P  to  02. 

3e0 

Net  electric  field  at  P  is 


E  =  Ep  +  Ep  =  +  r2  )=^~  (Triangle  Law) 

3£0  j£q 

Since  r  =  01  02  is  constant,  E  is  constant  in  mag¬ 
nitude  and  direction. 

5.  From  Ampere's  Circuital  law,  it  follow's  that  choices 
(a)  and  (d)  are  correct 


Source  Observer 


If  the  wind  blows  from  source  to  observer  (as 
shown  in  the  figure),  the  apparent  frequency  is 


fi 


(V  +  w)  -(-?<)]  _(  V+w+u] 

(V  +  w)~  (+l<)_  '  1  \V  +  W-u)  1  2.1 


If  the  wind  blows  from  observer  to  sound, 


fi 


(V  -  w)  -  (-») 
V  —  w  —  ( +u ) 


V  —  w+u 

V  —  w—u 


f  fi  >  f 


7. 


A 

M  * 


P 


m 


B 

-•  M 


L 


L- 


Minimum  K.E.  imparted  to  mass  m  at  P  to  escape 
to  infinity  is 

1  2 

K.E.  =  —mu  (u  =  minimum  initial 

2  velocity  of  m ) 

Total  P.E.  of  the  system  of  masses  at  A,  P  and  B  is 

GmM  GmM  GM2  2  GmM  GM 2 

P.E.  =- - = - 

L  L  (2  L)  L  2  L 

As  mass  m  moves  up,  the  P.E.  of  the  masses  at  A 
and  B  which  is  -  GM2/2L  remains  constant  but 
P.E.  between  masses  at  A  and  P  and  B  and  P  which 
is  -  2 GMm/L  keeps  increasing.  From  energy  con¬ 
servation, 

Loss  fo  K.E.  =  gain  of  P.E. 

1  2  2  GMm 

i.e.  — mu "  =  - 

2  L 


From  the  law  of  conservation  of  energy,  the  total  en¬ 
ergy  of  the  system  of  three  masses  always  remains 
constant. 


8. 


wall 


Since  the  particle  passes  through  the  mean  position 
O  at  t  =  0, 

x  =  a  sin  (cot)  (1) 


velocity  is  V  = 

where  co  = 


A  co  cos  (cot)  =  Uq  cos  (cot)  (2) 
=>  Time  period  T  —  2n 


Putting  V  =  0.5 u0  in  Eq.  (2),  the  particle  hits  the 
wall  at  time  tx  given  by 

0.5m0  =  uQ  cos  (cotx) 

1  n  n  m 

cos  cot,  =  —  =>  cot,  =  —  =>t,=—. — 

1  2  1  3  1  3  V  k 

The  time  at  which  the  particle  passes  the  equilib¬ 
rium  position  O  the  first  time  (moving  to  the  left) 
is  given  by 


h 
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h  ~  h  +  ~ 


The  time  at  which  the  spring  has  maximum  com¬ 
pression  and  reaches  extreme  position  moving  to 
the  left  in  is 

T 
4 

In  I  m 
~6 

The  time  at  which  the  particle  passes  the  equilib¬ 
rium  position  O  the  second  time  moving  to  the  right 
is  given  by 

T 

U~  h  +  ~ 


2  n  m  2  n  m 

T  vT  +  TvT 


2  n  m  m 
—  \  — h  n.  — 
3  \  k  V  k 


5  n  m 

T 

Hence  the  correct  choices  are  (a)  and  (d). 

9.  As  the  block  slides  from  O  to  Q, 

Loss  in  P.E.  =  gain  in  K.E.  -  work  done  against  friction 
R  1  , 

=>  mgx —  =  —  mv  +150 

2  2 


1  x  10  x  —  =  —  x  1  x  z;2  +  150 
2  2 


v  =  10  ms 


-l 


P 


10.  If  N  is  the  normal  reaction  at  0,  then 


mV 

R 

lx(10)2 


40 


=  N  -  mg  cos  60° 


=  N-lxl0x- 
2 


TV  =  7.5  N 


11.  Resistance  of  cable  is  R  =  0.412  km  x  20  km  =  8  Q 
Power  produced  P  =  VI  which  gives 

f  =  600X10* 

V  4000 

Power  dissipated  is  P'  =  I2R  =  (1 50)2  x  8  =  1 80  kW 


Percentage  power  dissipation 
P_ 

P 


=  —  x  100  =  180  kW  x  1 00  —  30% 
600  kW 


V  N 

12. 

K  Ns 

At  step-up  stage  :  40000  V 

Vp  10  p 

At  step-down  stage:  Vs  =  200V.  Hence 


N 


p  _  p 


Vp  40000 


=  200 


Ns  Vs  200 

13.  Magnetic  flux  </>=  J B.ds  -  B  x  nR 
I  dfj) 


dt 


7  dB  9  B  —  0  9 

=  nR 2  —  =  nR2  x - =  nR~B 


dt 


1 


If  E  is  the  magnitude  of  induced  electric  field, 


=  nR~B 


d(f) 

J  E  ■  dl  = 

dt 

E  x  2nR  =  nR2B 


BR 


E  = 

2 

14.  Given,  magnetic  moment=  yx  angular  momentum, 
i.e.  M  =  yL  ;  y  =  constant 
Change  in  magnetic  moment  is 

A  M=  yAL  (1) 

Now,  torque  T=  —  =>  AL  =  T At 

At 


Also 


(V  F  =  QE) 

(2) 


T  =  RF  =  RQE 
AL  =  RQE  At 
Using  (1)  in  (2) 

AM  =  yRQEAt 
BR 

Putting  E  =  — —  (see  Q.  13  above)  and  At  =  Is, 


BR 

AM  =  y  R  Q  x  —  x  1 : 


f  QBR2^ 
K~  J 


Since  angular  momentum  increases  in  the  negative 
z-direction, 


AM  =  -y 


(  QBR2^ 


V 


J 


15.  When  3  Li  emits  an  alpha  particle,  the  reaction  is 
represented  as 

3  Li  ->2  He  +  2H 

Total  mass  of  ^He+  ?H  =  4.002603  +  2.014102 
=  6.016705u  which  is  more  than  the  mass  of  jLi . 
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Hence  there  is  no  mass  defect.  So  choice  (a)  is  not 
possible.  Similarly  the  reaction  mentioned  in  (b)  is 
not  possible.  Also  fusion  is  not  possible  by  fusing 
heavy  nuclei  such  as  ^JZn  and  34 Se  .  So  choice  (d) 
is  also  not  possible.  Hence  the  only  correct  choice 
is  (b). 

16.  The  reaction  is  represented  as 

84° P°^  826pb+  2He  +  2 

Mass  defects  Am  =  209.982876  -  (205.974455  + 
4.002603  =  0.005818  u 

.'.  Energy  released  Q  =  0.005818  x  932 
=  0.5422  MeV 


From  momentum  conservation 

l^al  ~~  l-Ppi 


'Pol 


sj2ma  Ka  ~  sf2 


m 


Po  ^Po 


ma  Ka  =  m?o  KPo 

From  (1)  and  (2)  we  have 


K„  = 


m 


Po 


Q  206  x  542.2  keV 


206  +  4 


(2) 


=  5319keV 


17.  Process  G  -+  E  is  isobaric.  Process  G  —>  H  is 
also  isobaric.  Process  F  — >  E  is  isochoric.  Process 
F  — »  FI  has  a  higher  slope  at  any  point  than  process 
F  — »  G  at  the  corresponding  point.  Hence  process 
F  — >  H  is  adiabatic  and  process  F  — »  G  is  isothermal. 

(1)  For  item  (P)  in  List  I 

For  isobaric  process  G  —>  E 

WGE  =  -p„  (VG  -  VE) = -P0  ( VGE  -  Vo)  _ (i) 

For  isothermal  process  F  — >  G, 

pfve=pgvg 

=>  32  P0V=PoVG 

=>  Vg  =  32  VB  _ (ii) 

Using  (ii)  in  (i), 

•••  WGE  =  P0  (32  V0-V0)  =  -31  P0V0 
So  item  (P)  in  List  I  corresponds  to  item  (4)  in  List  II. 

(2)  For  Item  (Q)  in  List  I 

WGH  =  P0  (  Pg  -  VH)  =  P0( 32  V0  -  VH)  _ (iii) 

Since  process  F  —>  H  is  adiabatic, 

PV7  =  constant 


PF  VJ=P0  VHr 


32  P0  Vj  =  P0  V Hr 


\VH  J 


32 


Now  for  a  monoatomic  gas,  g  =  -  .  Therefore 

f  v  ^/3 


\VH  J 


32 


¥ 


=>  VH  =  2  V0  =  8V0 
Using  (iv)  in  (iii), 

WGH  =  -P0(32V0  -  8 V0)  =  -24P 0  V0 
So  (0  corresponds  to  (3). 

(3)  For  item  (R)  in  List  I 

Process  F  -»  H  adiabatic.  Therefore, 


_(iv) 


WFH=  j  nR(TF-TH) 


(f=  no.  of  degrees  of  freedom) 


=  —  nR  (TF  —Th) 


=  -2(pfvf 


phvh) 


(v  PV=  nRT) 


=  -(32  P0V0-SP0V0) 

=  36  P0V0 

So  (R)  corresponds  to  (2). 

(4)  For  item  (S)  in  List  I 

Process  F  — »  G  is  isothermal.  Therefore, 


WFG  =  PV  In 


\VxJ 
( 


=  32  P0V0  In 


=  32  P„Vn  In 


Vf 


\VFJ 
32  F6 
Vn 


=  32  P0V0  In  (32) 

=  160  P0V0  In  (2) 

So  (S)  corresponds  to  (1). 

Hence  the  answer  is  as  follows: 

(P)  ->  (4) 

(0  ->  (3) 

(R)  -+  (2) 

(■ S)  ->  (1) 

18.  (P)  :  Alpha  decay.  In  alpha  decay  the  atomic  num¬ 
ber  (Z)  decreases  by  2  and  the  mass  number  (A) 
decreases  by  4. 
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So  process  (2)  in  List  II  represents  alpha  decay: 

238 tt  .  234  .  4tt 

92  ^  ^  90  +  2^*-^ 

(Q)  :  decay.  In  P~  decay,  a  proton  decays  into  a  posi¬ 

tron  (+ie)  called  P+  particle  with  the  emission  of  a 
neutrino  (v)  which  carries  no  charge.  Hence  in  P+ 
decay,  the  atomic  number  decreases  by  1  and  mass 
number  remains  unchanged.  So  process  (1 )  in  List  II 
represents  P 1  decay: 

g50->  75N+  ^e  +  v 

(R)  :  In  nuclear  fission,  a  heavy  unstable  nucleus  splits 

into  two  nuclei  of  comparable  masses,  Process  (4) 
in  List  II  represents  fission: 

949  Pu  La  +  9397X 

(S)  :  In  proton  emission,  the  atomic  number  and  mass 

number  both  decrease  by  1.  Process  (3)  in  List  II 
represents  proton  emission: 

835Bi  ->  824Pb  +  Jp 

So  the  correct  answer  is  as  follows: 

(P)->(2),  (Q)->(1),  (R)-M4),  (S)  —»  (3). 

19. 


Since  sin  r  <  1  ,fl{<  V2  p2.  So,  for  ray  eAEh,  the 
correct  choice  is  (4)  in  List  II. 


(S)  For  ray  eABi:  This  ray  suffers  total  internal 
reflections  at  A  and  B.  The  critical  angle  ic  = 

sin-1  f  — =45° 


IV2 


Also 


sin- 1 


M2 


sin  i.  =  —  .  Therefore 
Mi 


'  th 

v  Mi  > 


<  45°  =>  >  V2  p2  •  So  the  correc¬ 


tion  choice  is  (1)  in  List  II.  The  correct  answer  is  as 
follows: 


(F>^(2),  (0  — >  (3),  (R)-4(4),  (5)  — >  (1). 

20. 

(P)  According  to  the  law  of  equipartition  of  energy, 
the  energy  per  degree  of  freedom  of  a  gas  atom  or 
molecule  at  a  temperature  0  kelvin  is  given  by 

1  2  F 
E  =  —k6  or  k  —  — 

2  9 

where  k  is  the  Boltzmann's  constant. 

^ .  .  . ,  dimensions  of  E 

Dimension  of  k  =  - 

dimension  of  9 


(p)  For  ray  eACf :  At  A  the  ray  bends  towards  the 
normal.  Hence  ,U2  >  Mi  (see  figure).  At  C,  ray  AC 
bends  away  from  the  normal.  Hence  ,U3  <  ,U2.  So  the 
correct  choice  is  (2)  is  List  II. 


(Q)  For  ray  eADg  :  This  ray  goes  through  without 
bending  at  A.  Hence  //j  =  p2  so  correct  choice 
is  (3)  in  List  II. 

(R)  For  ray  eAEh  :  At  A  this  ray  bends  away  from  the 
normal. 

Hence  p2  <  .  At  E,  it  bends  away  from  the  normal. 

Hence  <  p2.  Applying  Snell's  law  at  A, 
sin  45°  =  p2  sin  r 


r*4 

—j=  =  u7  sin  r 
v2 


Py  =  \f2  jj,2  siu  r 


[ML2T“2] 

[K] 


:[ML2T“2K_1] 


( Q )  The  viscous  force  acting  on  a  spherical  body  of  ra¬ 
dius  r  moving  with  a  speed  v  in  a  fluid  of  coefficient 
of  viscosity  r\  is  given  by 

F 

F  =  6n  77  r  v  or  77  = 


/.  Dimensions  of  77  = 


6k  rv 
dimension  of  F 


dimension  of  r  x  dimension  of  u 


[MLT“2] 

[LxLT-1] 


:  [ML_1T_1] 


(R)  E  =  hv.  Therefore 


[h]  =  — =  [MLJ  ]  =  [ML2T_1] 


v 


Q 


(S)  The  rate  of  flow  of  heat  energy  —  through  a  rod 

of  cross-sectional  area  A,  length  L  with  its  ends 
maintained  at  temperatures  0,  and  92  (with  0,  >  02) 
is  given  by 

Q  =  kA(9l-92) 

t 


L 


k  =  thermal  conductivity. 


[ML2T“2]  [&]  x  [L2]  x  [K] 


[T] 


[L] 


•  [k]  =  [MLT-3K-1] 
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SECTION  I 

(One  or  More  than  One  Options  Correct  Type) 

This  section  contains  10  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 

ONE  or  MORE  THAN  ONE  are  correct. 


1.  A  student  is  perfonning  an  experiment  using  a 
resonance  column  and  a  tuning  fork  of  frequency 
244  s_1.  He  is  told  that  the  air  in  the  tube  has  been 
replaced  by  another  gas  (assume  that  the  column 
remains  filled  with  the  gas).  If  the  minimum  height 
at  which  resonance  occurs  is  (0.350  ±  0.005)m,  the 

gas  in  the  tube  is  (Useful  information:  ^167 RT 

=  640  J1/2  mole~1/2;  Jl40 RT  =  590  J1/2  mole~1/2. 
The  molar  masses  M  in  grams  are  given  in  the 


options.  Take  the  values  of 
given  there.) 


for  each  gas  as 


(a)  Neon 


(b)  Nitrogen  [m  =  28,  f^  =  ~) 

V  V  28  5) 

(c)  Oxygen  [m  =  32,  1™=—) 

V  V  32  16/ 

(d)  Argon  [m  =36,  1^  =  —) 

V  v  36  32/ 


2.  At  time  t  =  0,  terminal  A  in  the  circuit  shown  in 
the  figure  is  connected  to  if  by  a  key  and  an  alter¬ 
nating  current  I(t)  =  I0  cos  (cot),  with  i0  =  1A  and 
©  =  500  rad/s  starts  flowing  in  it  with  the  initial 

Ik 

direction  shown  in  the  figure.  At  t  =  — ,  the  key 

6© 

is  switched  from  B  to  D.  Now  onwards  only  A 
and  D  are  connected.  A  total  charge  Q  flows  from 
the  battery  to  charge  the  capacitor  fully.  If  C  =  20 
pF,  R  =  I  Off  and  the  battery  is  ideal  with  emf  of 
50  V,  identify  the  correct  statement(s). 


B  D 


\ 


© 


C  =  20  nF 


©r  50  V 


— vwv — 

R=  10Q 

(a)  Magnitude  of  the  maximum  charge  on  the 

Ik 

capacitor  before  t  =  —  is  1  x  10  C. 

6© 

(b)  The  current  in  the  left  part  of  the  circuit  just 

before  t  =  —  is  clockwise. 

6© 

(c)  Immediately  after  A  is  connected  to  D,  the 
current  in  if  is  1 0  A. 

(d)  Q  =  2  x  10  3  C. 

3.  A  parallel  plate  capacitor  has  a  dielectric  slab 
of  dielectric  constant  K  between  its  plates  that 
covers  1/3  of  the  area  of  its 
plates,  as  shown  in  the  figure. 

The  total  capacitance  of  the 
capacitor  is  C  while  that  of 
the  portion  with  dielectric  in 
between  is  Cj.  When  the  ca¬ 
pacitor  is  charged,  the  plate 
area  covered  by  the  dielectric  gets  charge  Qx,  and 
the  rest  of  the  area  gets  charge  Q2.  The  electric 
field  in  the  dielectric  is  Ex  and  that  in  the  other 
portion  is  E2.  Choose  the  correct  option/options, 
ignoring  edge  effects. 


Qi 


Q2 


(a)  ^  =  1 


(O  ^ 

02  K 


(b) 

e2  k 

(d)  2  +  * 


c, 


K 


PI  .2 
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4.  One  end  of  a  taut  string  of  length  3m  along  the 
x  axis  is  fixed  at  x  =  0.  The  speed  of  the  waves 
in  the  string  is  100  ms1.  The  other  end  of  the 
string  is  vibrating  in  the  y  direction  so  that  station¬ 
ary  waves  are  set  up  in  the  string.  The  possible 
wavefonn(s)  of  these  stationary  waves  is  (are) 


(a) 

(b) 

(c) 


, .  4  .  nx  50 nt 

ym  =  A  sin  — cos - 

6  3 

. .  ,  .  nx  \99nt 

ym  =  A  sin  — cos - 

3  3 

, ,  ,  .  5nx  250nt 

v(t)  =  A  sin  - cos - 

6  3 


(d)  y(t )  =  A  sin 


- cos  259nt 

2 


5.  A  transparent  thin  film  of  uniform  thickness  and 
refractive  index  n\  —  1.4  is  coated  on  the  convex 
spherical  surface  of  radius  R  at  one  end  of  a  long 
solid  glass  cylinder  of  refractive  index.  n2  =  1.5, 
as  shown  in  the  figure.  Rays  of  light  parallel  to 
the  axis  of  the  cylinder  traversing  through  the  film 
from  air  to  glass  get  focused  at  distance  fx  from 
the  film,  while  rays  of  light  traversing  from  glass 
to  air  get  focused  at  distance  f2  from  the  film. 
Then 


(a)  |/j|  =  3 R  (b)  \fx  |  =  2.8R 

(c)  |/2|  =  2 R  (d)  |/2|  =  IAR 

6.  Heater  of  an  electric  kettle  is  made  of  a  wire  of 
length  L  and  diameter  d.  It  takes,  4  minutes  to 
raise  the  temperature  of  0.5  kg  water  by  40  K. 
This  heater  is  replaced  by  a  new  heater  having  two 
wires  of  the  same  material,  each  of  length  L  and 
diameter  2  d.  The  way  these  wires  are  connected  is 
given  in  the  options.  How  much  time  in  minutes 
will  it  take  to  raise  the  temperature  of  the  same 
amount  of  water  by  40K  ? 

(a)  4  if  wires  are  in  parallel 

(b)  2  if  wires  are  in  series 

(c)  1  if  wires  are  in  series 

(d)  0.5  if  wires  are  in  parallel. 

7.  Two  ideal  batteries  of  emf  Vx  and  V2  and  three 
resistances  Rx,  R2  and  R2  are  connected  as  shown 
in  the  figure.  The  current  in  resistance  R2  would 
be  zero  if 


(a)  Vx  =  V2  and  Rx  =  R2  =  R3 

(b)  Vx  =  V2  and  Rx  =  2 R2  =  R3 

(c)  Vx  =  2 V2  and  2 Rx  =  2 R2  =  R2 

(d)  2VX=  V2  and  2 Rx  =  R2  =  R2 

8.  Let  Ex(r),  E2(r)  and  E3(r)  be  the  respective  electric 
fields  at  a  distance  r  from  a  point  charge  Q,  an 
infinitely  long  wire  with  constant  linear  charge 
density  A,  and  an  infinite  plane  with  uniform  sur¬ 
face  charge  density  c.  If  Ex(r0)  =  E2(r{])  =  E2(r0) 
at  a  given  distance  r0,  then 
(a)  Q  =  4cnrj 


/i\  A 

(b)  >'o=  -z — 

2  na 

(c)  Ex(r 0/2)  =  2E3(r0/2) 

(d)  E2(r0/ 2)  =  4E,(r0/2) 


9.  A  light  source,  which  emits  two  wavelengths  A, 
=  400  nm  and  A2  =  600  nm,  is  used  in  a  Young’s 
double  slit  experiment.  If  recorded  fringe  widths 
for  A,  and  A2  are  /j,  and  [32  and  the  number  of 
fringes  for  them  within  a  distance  y  on  one  side  of 
the  central  maximum  are  mx  and  m2,  respectively, 
then 

(a)  p2  >  px 
(a)  mx  >  m2 

(c)  From  the  central  maximum,  3rd  maximum  of 
A,  overlaps  with  5th  minimum  of  Aj. 

(d)  The  angular  separation  of  fringes  for  Ab  is 
greater  than  A2 

10.  In  the  figure  a  ladder  of  mass  m  is  shown  leaning 
against  a  wall.  It  is  in  static  equilibrium  making 
an  angle  9  with  the  horizontal  floor.  The  coeffi¬ 
cient  of  friction  between  the  wall  and  the  ladder 
is  nx  and  that  between  the  floor  and  the  ladder  is 
H2.  The  normal  reaction  of  the  wall  on  the  ladder 
is  Nx  and  that  of  the  floor  is  N2.  If  the  ladder  is 
about  to  slip,  then 
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(a)  px  =  0  p2  ^  0  and  N2  tan  6  = 

(b)  jU,  ?  0  JU2  =  0  and  Nx  tan  0  = 


(c)  px  ^  0  n2  ^  0  and  N2  =  - 


mg 


+  Bifi 


(d)  px  =  0  ju2  0  and  Nx  tan  6  =  '-f^- 


SECTION  II 

(One  Integer  Value  Correct  Type) 

This  section  contains  10  questions.  Each  question,  when  worked  out  will  result  in  one  integer  from  0  to  9 
(both  inclusive). 


11.  During  Searle’s  experiment,  zero  of  the  Vernier 
scale  lies  between  3.20  x  10~2m  and  3.25  x  10~2m 
of  the  main  scale.  The  20th  division  of  the  Vernier 
scale  exactly  coincides  with  one  of  the  main  scale 
divisions.  When  an  additional  load  of  2  kg  is  ap¬ 
plied  to  the  wire,  the  zero  of  the  Vernier  scale 
still  lies  between  3.20  x  10~2m  and  3.25  x  10~2m 
of  the  main  scale  but  now  the  45th  division  of 
Vernier  scale  coincides  with  one  of  the  main  scale 
divisions.  The  length  of  the  thin  metallic  wire  is 
2  m  and  its  cross-sectional  area  is  8  x  10~7  m2. 
The  least  count  of  the  Vernier  scale  is  1.0  x  10  5m. 
The  maximum  percentage  error  in  the  Young’s 
modulus  of  the  wire  is 

12.  Airplanes  A  and  B  are  flying  with  constant  velocity 
in  the  same  vertical  plane  at.  angles  30°  and  60° 
with  respect  to  the  horizontal  respectively  as 
shown  in  the  figure.  The  speed  of  A  is  100V3 
ms1.  At  time  t  =  0  an  observer  in  A  finds  B  at  a 
distance  of  500  m.  This  observer  sees  B  moving 
with  a  constant  velocity  perpendicular  to  the  line 
of  motion  of  A.  If  at  t  =  t0,  A  just  escapes  being 
hit  by  B ,  t0  in  seconds  is 


13.  A  thermodynamic  system  is  taken  from  an  initial 
state  i  with  internal  energy  T/j  =  100  J  to  the  final 
state  /  along  two  different  paths  iaf  and  ibf  as 
schematically  shown  in  the  figure.  The  work  done 
by  the  system  along  the  paths  af  ib  and  bf  are  Waf 
=  200  J,  WXb  =  50  J  and  Wbf=  100  J  respectively. 
The  heat  supplied  to  the  system  along  the  path 


iaf  ib  and  bf  are  QM,  Qib  and  Qb{  respectively.  If 
the  internal  energy  of  the  system  in  the  state  b  is 
Ub  =  200  J  and  QM  =  500  J,  the  ratio  QbJ  Qib  is 


14.  Two  parallel  wires  in  the  plane  of  the  paper  are 
distance  X0  apart.  A  point  charge  is  moving  with 
speed  u  between  the  wires  in  the  same  plane  at  a 
distance  Xx  from  one  of  the  wires.  When  the  wires 
carry  current  of  magnitude  /  in  the  same  direction, 
the  radius  of  curvature  of  the  path  of  the  point 
charge  is  Rx.  In  contrast,  if  the  currents  /  in  the 
two  wires  have  directions  opposite  to  each  other, 
the  radius  of  curvature  of  the  path  is 

f?i.  If  =  3  the  value  of  —  is 
~  Xi  R2 

15.  To  find  the  distance  d  over  which  a  signal  can  be 
seen  clearly  in  foggy  conditions,  a  railways  engi¬ 
neer  uses  dimensional  analysis  and  assumes  that 
the  distance  depends  on  the  mass  density  p  of  the 
fog,  intensity  (power/area)  S  of  the  light  from  the 
signal  and  its  frequency  f  The  engineer  finds  that 
d  is  proportional  to  S17". The  value  of  n  is 

16.  A  rocket  is  moving  in  a  gravity  free  space  with 
a  constant  acceleration  of  2  ms~2  along  +x  direc¬ 
tion  (see  figure).  The  length  of  a  chamber  inside 
the  rocket  is  4  m.  A  ball  is  thrown  from  the  left 
end  of  the  chamber  in  +x  direction  with  a  speed 
of  0.3  ms-1  relative  to  the  rocket.  At  the  same 
time,  another  ball  is  thrown  in  - x  direction  with 
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a  speed  of  0.2  ms-1  from  its  right  end  relative  to 
the  rocket.  The  time  in  seconds  when  the  two  balls 
hit  each  other  is 

a  =  2  ms~2 

x 


4  m 


0.3  ms 


0.2  ms 


17.  A  galvanometer  gives  full  scale  deflection  with 
0.006  A  current.  By  connecting  it  to  a  4990  £2 
resistance,  it  can  be  converted  into  a  voltmeter  of 

2n 

range  0  -  30  V.  If  connected  to  a  - £2  resistance, 

249 

it  becomes  an  ammeter  of  range  0  -  1.5  A.  The 
Value  of  n  is 

18.  A  uniform  circular  disc  of  mass  1.5  kg  and  radius 
0.5  m  is  initially  at  rest  on  a  horizontal  frictionless 
surface.  Three  forces  of  equal  magnitude  F  =  0.5 
N  are  applied  simultaneously  along  the  three  sides 
of  an  equilateral  triangle  XYZ  with  its  vertices  on 
the  perimeter  of  the  disc  (see  figure).  One  second 
after  applying  the  forces,  the  angular  speed  of  the 
disc  in  rad  s_1  is 


19.  A  horizontal  circular  platform  of  radius  0.5  m  and 
mass  0.45  kg  is  free  to  rotate  about  its  axis.  Two 
massless  spring  toy-guns,  each  carrying  a  steel 
ball  of  mass  0.05  kg  are  attached  to  the  platform 
at  a  distance  0.25  m  from  the  centre  on  its  either 
sides  along  its  diameter  (see  figure).  Each  gun 
simultaneously  fires  the  balls  horizontally  and 
perpendicular  to  the  diameter  in  opposite  direc¬ 
tions.  After  leaving  the  platform  the  balls  have 
horizontal  speed  of  9  ms~'  with  respect  to  the 
ground.  The  rotational  speed  of  the  platform  in 
rad  s'1  after  the  balls  leave  the  platform  is 


20.  Consider  an  elliptically  shaped  rail  PQ  in  the  verti¬ 
cal  plane  with  OP  =  3  m  and  OQ  =  4  m.  A  block 


of  mass  1  kg  is  pulled  along  the  rail  from  P  to 
Q  with  a  force  of  18  N,  which  is  always  parallel 
to  line  PQ  (see  the  figure  given).  Assuming  no 
frictional  losses,  the  kinetic  energy  of  the  block 
when  it  reaches  Q  is  (n  x  10)  Joules.  The  value  of 
n  is  (take  acceleration  due  to  gravity  =  10  ms~2) 


Answers 

Section-I 


1. 

(d) 

2.  (c,  d) 

3. 

(a,  d) 

4. 

(a, 

c, 

d) 

5.  (a,  c) 

6. 

(b,  d) 

7. 

(a, 

b, 

d) 

8.  (c) 

9. 

(a,  b,  c) 

10. 

(c, 

d) 

Section-II 

11. 

4 

12.  5 

13. 

2 

14. 

3 

15.  3 

16. 

2 

17. 

5 

18.  2 

19. 

4 

20. 

5 

Hints  and  Solutions 
Section-I 


1.  Speed  of  sound  v  = 


 yRT 


M 


.  For  a  closed  pipe,  A 


=  4 L  (fundamental  mode).  Also  v  =  VA.  Thus 
v  =  v  x  4  L 


yRT 

M 


=  v  x  4  L 


L  = 

4v  V 


yRT 


M 


(1) 


For  Neon:  M  =  20g  =  20  x  10~3kg  =  2  x  10~2kg. 
Neon  is  a  monatomic  gas  for  which  y=  1.67.  Sub¬ 
stituting  the  given  values  in  (1),  we  have  [since 

Vl67 RT  =  640  J1/2  moF1/2  and  =  .  £  =  — 

V  20  V  2  10J 

1  / 167  RT 

4  x  244  v  2  x  1 0-2 
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1  jl67  RT 

“  4x244  V  2 

=  - - - x  640x  — 

4x244  10 

=  0.459  m 


For  Nitrogen:  M  =  28  g  =  2.8  x  10  2  kg.  Since 
nitrogen  is  a  diatomic  gas,  y  =  1.4.  Given  Vl40 ~RT 

=  590  Jl/2  mo r 1/2  and  ,1^  =  -  . 

V  28  5 

1  I  l ART 
4x244\2.8xl0“2 


1  w  |l40i?rxl0 

”  4  x  244  X  V  28 

1  3 

=  - x  590x  - 

4x244  5 

=  0.363  m 

Similarly,  for  oxygen  (y=  1.4),  we  get  I  =  0.340  m 
and  for  argon  (y  =  1.67),  we  get  L  =  0.348  m.  It 
is  given  that  L  =  (0.350  ±  0.005)  m.  Hence  correct 
choice  is  (d) 

2.  Given  /  =  /0  cos  (cot)  where  /0  =  1 A  and  co  =  500 
rad  s’ 1 .  Since  the  voltage  lags  behind  the  current, 
the  voltage  across  the  capacitor  varies  with  t  as 


V=  V0  cos  I  cot-  —  |  =  Fn  sin  cot 


o 


dq 

Now  —  =  I0  cos  (cot) 

dt 

=2>  dq  =  I0  cos  (C0t)dt 

=>  jdq  =  /0|cos  (cot)dt 

=>  q  =  —  sin(©f) 

co 

=>  q  =  Q  sin  cot,  where  Q  =  — 

co 

Magnitude  of  maximum  charge  on  the  capacitor 
Ik 

before  t  = —  (i.e.,  before  A  is  connected  to  D)  is 
6© 


In 


1A 


Q  = 


G=2  x  10~3  C 


co  500  s 
So  choice  (a)  is  incorrect. 

Current  in  the  left  past  of  the  circuit  just  before 

Ik  . 
t  =  —  is 

6©  r  i 

r  r  (Ik 
/=  /Ocos  ©x  — 

V  6© 


=  1  x  cos 


The  negative  sign  shows  that  the  current  is  anti¬ 
clockwise.  So  choice  (b)  is  also  wrong. 

After  A  and  D  are  connected,  the  battery  of  volt¬ 
age  V  =  50V  is  in  parallel  with  the  capacitor,  So 
the  voltage  Vc  across  the  capacitor  is  also  50  V. 
Hence  the  current  in  the  circuit  is 


K  +  v 

R 


50  +  50 
10 


=  10A 


So  choice  (c)  is  correct. 

Maximum  charge  Q  =  CVc  =  (20  x  1 0  6)  x  50 
=  2  x  10  3C 


So  choice  (d)  is  also  correct. 

3.  The  capacitor  is  charged  by  connecting  its  plates 
to  a  battery  of  voltage,  say,  V.  Since  the  battery  is 
kept  connected,  the  voltage  between  the  plates  is 
V 

equal  to  V.  Now  E  =  —  .  Since  d  is  not  changed, 
V  d 

Ex-E2-  -  . 


Al  3 


24/3 


Capacitance  of  dielectric  filled  part  is 

A 


Kcn 


c,= 


Kg0A 


d  3d 

Capacitance  of  the  air  filled  part  is 
2A 

e°T  2  g0  A 


C2  = 


d 


3  d 


Since  the  two  capacitors  are  in  parallel,  the  total 
capacitance  is 

C=  Cj  +  c2 


=  C, 

=  Q 


,  c2 

i+  — 

c, 


1  / 


1  +  - 


KG  n 


A  3 

d_ 

A 

3d j 


V 
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C_  _  K  +  2 

c,  ~  K 

Now  0,  =  C,  V ,  Q2  =  C2V 

Ql=cl  =  k 

02  Q  2 

So  the  correct  choices  are  (a)  and  (d). 

4.  Since  the  end  at  x  =  0  of  the  string  is  fixed,  it 
is  a  node,  i.e.  y(t )  =  0  at  x  =  0.  This  condition 
is  satisfied  in  all  the  four  choices  given  in  the 
question.  The  other  end  at  x  =  3m  is  free,  it  is  an 
antinode,  i.e.  y(t)  0  at  x  =  3  m.  This  condition 
is  satisfied  in  choices  (a),  (c)  and  (d)  but  not  in 
choice  (b)  for  which  y(t)  =  0  at  x  =  3  m. 

Hence  the  correct  choices  are  (a),  (c)  and  (d). 

5.  The  incident  ray  suffers  two  refractions  —  one  at 
each  face. 


Case  (a)  For  refraction  from  air  to  glass 


The  ray  OA  from  an  object  O,  refracts  along  AB 
forming  the  image  /'.  For  refraction  at  first  face, 
we  have 


v'  u  R 

The  ray  AB  suffers  refraction  at  the  second  face, 
forming  the  final  image  f.  For  refraction  at  sec¬ 
ond  face,  / '  serves  at  the  virtual  object.  Thus,  we 
have 


_  n2-nx 
VX  V'  R 

Adding  (1)  and  (2),  we  get 

n2  n  _  nx  —n  n2-  nx 

vx  u  R  R 

By  difinition  vx  =  f  when  u  =  °<>.  Therefore 

n2  nx  —n  n2-  nx 
f  R  +  R 


1-5  =  1.4-1  1, 5-1.4 

/i  R  +  R 
/i*  3* 


According  to  sign  convention,  fx  and  R  are  both 
positive. 

Case  (b)  For  refraction  from  glass  to  air 


n,  =  1.4 


For  refraction  second  face,  we  have 


rh_rh  =  n\  ~  »2 
v'  u  R 

For  refraction  at  first  face,  we  have 
_  n  —  nx 
v2  v'  R 
Adding  (3)  and  (4),  we  get 


(3) 

(4) 


n  n2  _  nx  —  n2  n  -  nx 

V2  u  R  R 

Now  v2  =  —f2  when  u  =  -°°.  Also  R  =  —R.  Therefore 


1  _  1.4-1. 5  1-1.4 

-f2  ^R~+  -R 

=>  fi  =  -2R 

\fi\=2R 

Hence  the  correct  choices  are  (a)  and  (c). 


6.  Let  R  be  the  resistance  of  the  wire  of  the  kettle 
and  let  V  be  the  voltage  of  the  supply.  The  heat 
energy  consumed  in  time  t  is 


H  = 


V2t 

R 


(1) 


If  the  heater  is  replaced  by  a  new  heater  having 
two  wires  of  the  same  material,  the  same  length 
but  twice  the  diameter,  the  resistance  of  each  wire 

becomes  — . 

4 

If  the  two  wires  are  connected  in  series,  the  total 

RRR 

resistance  of  the  heater  is  A,  =  — I —  =  —  .  ft  L 

4  4  2 

is  the  time  required  to  consume  the  same  heat 
energy,  then 
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H  = 


V2t \  _  V2tl 


R ,  R/2 


(2) 


Equating  (1)  and  (2), 
V2t  _  V2tx 


R  R/2 

1  4  min 

tt=  tx-  = 


=  2  min 

2  2 
So  choice  (b)  is  correct. 

If  the  two  wires  are  connected  in  parallel,  the  total 
resistance  R2  =  — .  If  t2  is  the  required  time, 

V2t  V2t, 


R  R/ 8 

t  4  min 

h  ~  a  ~  7, 


=  0.5  min  ,  which  is 


choice  (d).  So  the  correct  choices  are  (b)  and  (d). 
7.  The  following  figure  shows  the  currents  /,,  I2  and 
/3  in  the  three  branches  of  the  circuit. 


Using  the  junction  rule,  I2  +  I3  =  Ix.  If  I2  =  0,  then 

h  =  4 

Applying  the  loop  rule  to  loop  abcfa,  we  have 

h  4+44-  4  =  0 

Setting  I2  =  0,  we  get 

4  =  44  (i) 

Applying  the  loop  rule  to  loop  fcdef,  we  get 

— /2  r2  -  v2  +  /3  R3  =  0 

Putting  I2  =  0,  we  get 

4  =  44 

But  /3  =/j.  Therefore 

4  =  44 

From  (1)  and  (2),  we  get 

vL=  4 

4  4 

So  no  current  will  flow  through  R2  if  condition 
(3)  holds.  This  condition  is  does  not  contion  R2, 


(2) 

(3) 


i.e.  R2  can  have  any  value.  Choices  (a),  (b)  and 
(d)  satisfy  condition  (3)  but  choice  (c)  does  not. 

Q 


8.  Ex  (r0)  = 

4  O'o)  = 
4  O'o)  = 


4tt  e0  r0 
A 

2n  e0  r0 


2  6n 


At  r  =  -4 


o  = 


Q 


Q 


41—1  = 


An  g0 

A 


ro  r  n  eo  ro 


=  44  4o) 


A 


2J  2^g0(|I 


4(  —  1  =  ^  =  44o) 


■  =  24  O'o) 


2 

Given  Ex  (r0)  =  E2  (r0)  =  E3  (r0).  It  follows  from 
the  above  equations  that  the  only  correct  choice 
is  (c). 

?iD 

9.  Fringe  width  /f  =  - .  Since  A2  >  Ax,  fi2  >  /5X. 

d 

Distance  of  wth  bright  fringe  from  the  central 
maximum  is 

mAD 
ym  =  -~r 

d 

mlAlDx 
d 

_  m2A2D2 

y 


and 


d 


Since  Tm,  =  Tm2  and  it  follows  that  mx  >m2. 

Distance  of  wth  dark  fringe  from  the  central  maxi¬ 
mum  is 

1  \  AD 

1  —  - 

21  d 


ym  =  \m 


XT  if  r  \  U2D 

Now  y3  (for  k2 )  =  - 

d 

and  4(fo^,)-(54)^  =  AT 
Putting  A,  =  400 nm  and  k2  =  600 nm,  we  find  that 
3x(600nm)xD  _  1800D 


y  3 


d 


d 


-nm 
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,  *  9x(400nm)x£>  1800D 

and  Vs  =  - = - nm 

5  2d  d 

Finally,  angular  separation  9  of  conscentive  fring¬ 
es  is  given  by 

A  A 

tan  9  =  —  =>  0  =  —  ( v  9  is  small) 

d  d 

Since  A2  >  A] ;  92  >  9X. 

Flence  the  correct  choices  are  (a),  (b)  and  (c). 

10.  The  ladder  AB  of  length  l  is  in  contact  with  the 
wall  at  A  where  the  normal  reaction  is  Nx  and 
with  the  floor  at  B  where  the  normal  reaction  is 
N2.  Let  /|  and  f2  the  frictional  force  at  /)  and  B. 
Then 


f\  =  and  f2  =  n2N2 

The  ladder  is  in  translational  as  well  as  rotational 
equilibrium. 


U 


For  translational  equilibrium 

f2-Nx  =  0  =>  Nx=f2  =  ii2N2  (1) 
and  /i  +  N2  =  mg  =>  N2  =  mg  -  /J.x  Nx  (2) 

Solving  (1)  and  (2)  we  get 


and 


N  i  = 
N2  = 


BimS 

I  +  M1M2 
mg 

l  +  A'iMi 


(3) 

(4) 


For  rotational  equilibruim 
Total  anticlockwise  torque  about  B  =  total  clock¬ 
wise  torque  about  B. 
i.e.  iVj  x  AC  +/|  x  BC  =  mg  x  BD 


=>  Nx£  sin0  +  /ulNl£  cos  9 


mg 


x  —  cos  9 
2 


=>  Nx  tan  9  +  flx Nx 


mg 

2 


=>  iVj  (/!]  +  tan  9)  — 


(5) 


(6) 


Using  (3)  in  (5)  we  get 

tan  9  =  — - - 

2^7 

Choice  a:  /ux  =  0,  /j,2  ^  0. 

From  (2),  N2  =  mg  -  flxNx 

=^>  N2  =  mg 

So  N2  tan  9  =  mg  tan  9 

Choice  (b)\  fJLx  ^  0,  /u2  =  0.  In  this  case,  N2  =  mg 
Choice  (c):  ,U,  7^  0,  ,U2  ^  0.  Then  from  (4) 
mg 


(V  =  0) 


No  = 


I  +  M1M2 


Choice  (d):  /J.x  =  0,  /l2  ^  0.  Then  from  (3)  and 
(6),  we  get 

1 

/V,  =  jj,2  mg  and  tan  9  = 


2^2 


AT,  tanfl-  = 

2f(,  2 


which  agrees  with  (5)  if  /J.x  =  0. 

Hence  the  corrent  choices  are  (c)  and  (d). 


Section-II 

11.  Let  x  metre  be  the  main  scale  reading  and  VC  be 
the  vernier  constant. 

First  measurement  of  the  change  in  length  of  the 
wire  is 

lx  =  x  +  20  x  VC 

Second  measurement  of  the  change  in  length  of 
the  wire  is 

i2  =  x  +  45  x  VC 
Change  in  the  length  is 

£=  £2-  £x  =  x  +  45  x  VC  -  (x  +  20  x  VQ 
=  25  x  VC  =  25  x  1.0  x  10~5m 
In  the  given  experiment,  only  the  change  in  the 
lengths  is  measured.  Now 


iA 


AT  _  M 

~Y  J 

The  maximum  error  (M.)  in  the  measurement  of 
change  in  length  =  one  VC  =  1.0  x  10  5m.  Hence, 
the  maximum  percentage  error  in  Y  is 
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AY  At 

- X  100  =  — X100 

Y  t 

1.0x10" 


25x1.0x10 


,-5 


xlOO  =  4% 


12.  Since  I  V  B-V  a  I  is  perpendicular  to  V a 


vb-va  -VA  =0 


=>  vB  vA  cos  e  -  vj  =  o 

=>  VB  cos  9  =  VA 

— >  — > 

where  9  is  the  angle  between  VA  and  VB  .  Given 
that  9=  60°  -  30°  =  30°. 

Therefore 


VB  cos  30°  =  Vi 


VB  = 


?o 


V  A 


100V3 


=  200  ms 


-1 


cos30°  V3/2 

relative  distance  between  A  and  B  at  t() 
relative  velocity  between  A  and  B  at  t0 


,  _  $AB 

1 0 


sA-sB 

Va  ~Vl 


UAB  UA  UB 

At  time  t  =  tQ,  A  just  escapes  being  hit  by  B, 
therefore,  SAB  =  500  m  -  0  =  500  m. 


Vab  = 


Va-VB 


=  \fvA+v2B  -  2vavb  cos  9 


(100c/3)2  +  (200)2 
\ -2  x  100V3  x  200  x  cos  30° 

= 100  ms1 

SAB  500  m  _| 

f0  *  —  = - it  =  5ms 

vAB  100  ms  1 

13.  Given  Uf  =  100J ,  Ub  =  200  J,  Waf=  200  J,  Wib 
50  J,  Wbf=  100J,  and  Qiaf=  500  J. 

In  Process  iaf, 

Wiaf  =  wia  +  Waf=  0  +  200  J  =  200  J 
(A U)iaf=  Qiaf-  Wiaf=  500  J  -  200  J  =  300  J 
Uf=  (A  u)iaf+  Uj  =  300  J  +  100J  =  400  J 


In  process  ibf 

wibf=  Wib  +  Wbf=  50  J  +  100  J  =  150  J 
(AU)ibf=  Qwf-  Wibf 

=  (Qih  +  Qbf)  -  (wib  +  wbf) 

=  (Qw  +  Qbf)  -  (50  J  +  iooj) 

But  (AU)ibj=  (AU)iaj-=  300  J 

Qib  E  Qbf=  300  J  +  150  J  —  450  J  (1) 

Also  Qbf~Qib=  150J  (2) 

From  (1)  and  (2),  Qbf=  300  J  and  Qib  =  150  J. 
Therefore 


Qbf  _  300J 
Qib  ~  150J 


=  2 


14. 


Wire  1 


Wire  2  Wire  1 


Wire  2 


1. 

1 

r 

p 

p 

— r2 — >- 

-  O-*-*-* — r2 — ► 

-* -  Xn - ► 

- -  Xn - >- 

case  1 


case  2 


Given  r,  =  Therefore  r,  =  . 

3  3 

Case  1:  Magnetic  field  at  point  P  due  to  current 
/  in  wire  1  is 


p0I  3  Ho  I 


directed  into  the  page. 


2  nr^  2n  Hq 
Magnetic  field  at  P  due  to  current  I  in  wire  2  is 

p0I  3/j,0  I 


2  nr2  An  X0 


directed  out  of  the  page 


Net  magnetic  field  at  P  is 

3^o  I  3^0/  3^0/ 


B,  = 


2  nX0  An  X0  AnX0 


(1) 


Case  2:  Magnetic  field  at  P  due  to  current  /  in 
wire  1  is 

PqI  _  3/G I 

27Tfj  2 7t  JCq 


directed  into  the  page. 
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Magnetic  field  at  P  due  to  current  /  in  wire  2  is 
uj  3unI 

- = -  directed  into  the  page. 

lnr2  4  n  X0 

Net  megnetic  field  at  P  is 


B2  = 


3p0I  +  3p0I  _  9  Ho  I 


2  nX0  An  Xn  An  X, 


(2) 


o 


Lo 


As  Bx  and  B2  depend  on  the  values  of  rx  and  r2 
it  is  clear  that  Bx  and  B2  are  not  uniform  in  the 
region  between  the  wires.  Hence  the  trajectories 
of  the  charged  particle  are  not  circular.  But  the 
radius  of  curvature  of  the  trajectory  at  point  P 
is  inversely  proportional  to  magnetic  field  at  that 
point.  Thus 

=  =  3  [use  (1)  and  (2)] 

R2  Bx 

15.  Let  d  =  k  p“  shfc 

where  A:  is  a  dimensionless  constant. 

[p]  .[MLJ] 

[a],power  =  [MUT-3]=[MT.,] 
area  L" 

If]  =  [  T  1  ] 

[«n»[L] 

[L]  =  [ML~3]0  x  [ML3]*  x  [r*]c 
=>  [L]  =  [Ma+*]  x  [L~3a]  x  [r3*~c] 

Equating  powers  of  M,  L  and  T,  we  have 
a  +  b  =  0,  -3a  =  1  and  -3b  -  c  =  0 

Solving,  We  get 

a  =  b  =  +-  and  c  =  - 1. 

3  3 


.-.  d  =  k  p-]'/3  s+l/3 /-’ 


Thus  s'/n  =  s1/3 


n  =  3. 


16.  The  ball  thrown  from  the  left  with  a  velocity  ux 
=  0.3  ms~'  will  have  an  acceleration  ax  =  -2ms-2 
towards  the  left,  i.e.  it  will  be  retarded  and  will 
come  to  rest  after  travelling  a  distance  x  given  by 
2ax  x  =0  — ux 

2  x  (-2)  x  x  =  0  -  (0.3)2 
x  =  0.0225  m 


The  second  ball  thrown  from  the  right  with  a 
velocity  u2  =  0.2  ms-1  will  suffer  a  displacement 
5  =  —A  +  0.0225  =  —3.997 m  to  meet  the  first  ball. 
Since  its  acceleration  is  -2  ms 


-2 


-3.997  =  -0.02i  -  —  x  2  x  t2 
2 


=>  f  +  0.2f-  3.997  =  0 
Since  3.997m  =  4m,  we  have 
t2  +  0.2 1  -  A  =  0 

The  positive  root  of  this  equation  is  slightly 
greater  than  1.9s.  Thus  t  is  approximately  equal 
to  2s. 

17.  For  voltmeter, 

/.--r 

g  R  +  G 


V  30 

=>  G  = - R  = - 4990  =  10fl 

I  0.006 


For  ammeter 


LG 

S  =  s 


0.006x10 


I-L  1.5-0.006 


=  0.0412 


2  n 


Given  S  =  - .  Thus 

249 


0.4  = 


2  n 
249 


n  =  4.98  =  5 


1  9 

18.  Moment  of  inertia  of  disc  is  I  =  —MR"  .  The  total 

2 

torque  on  the  disc  by  the  three  forees  is  (see  figure) 


Also 


T  =3  F r±  =  3  FR  sin  30° 
T  =Ia 

la  =3  FR  sin  30° 

3  FR  sin30° 


a  = 


I 


(1) 
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Putting  the  values  of  M  =  1.5  kg,  F  =  0.5  N,  R  = 

1  9 

0.5  m, /=  —  x0.5x(0.5)2  in  Eq.  (1)  and  solving 
we  get 

a  =  2  rad  ,v  2 
Now  co  =  co0  +  at 
=0+2x1 
=>  co  =  2  rad  s_1 

19.  Given  R  =  0.5  m,  M  =  0.45  kg,  m  =  0.05  kg,  r  = 
0.25  m  and  v  =  9  ms~’. 

Since  no  external  torque  acts,  the  angular  momen¬ 
tum  of  the  system  about  the  centre  of  rotation  is 
conserved,  i.e. 

Li=Lf 

If  co  is  the  angular  speed,  then 
i.e.  /co  =  2  mrv 

1  9 

-MR~  x  co  =  2m rv 

2 


1  9 

=>  -  x  0.45  x  (0.5)"  x  co  =  2  x  0.05  x  0.25  x  9 

=>  co  =  4  rad  s~' 

20.  Potential  energy  when  the  block  is  at  Q  is 

U  =  mgh 

Form  work-energy  principle, 

Gain  in  KE  =  Work  done  in  moving  the  block 
from  P  to  Q  -  P.E.  when  the  block 
reaches  Q 
=  Fx  PQ- U 

=  F  x  5  -  mgh  (y  PQ  =  'J 42  +32  =  5mj 
=  18x5-1x10x4 
=  90  -  40  =  50  J 
Elence  n  =  5. 


or 
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SECTION  I 

(Only  One  Option  Correct  Type) 

This  section  contains  10  multiple  choice  questions.  Each  question  has  four  choices  (a),  (b),  (c)  and  (d)  out  of  which 
ONLY  ONE  option  is  correct. 


1.  Charges  Q,  2 Q  and  4Q  are  uniformly  distributed 
in  three  dielectric  solid  spheres  1 ,  2  and  3  of  radii 
RJ2,  R  and  2 R  respectively,  as  shown  in  figure.  If 
magnitudes  of  the  electric  fields  at  point  P  at  a 
distance  R  from  the  centre  of  spheres  1,  2  and  3 
are  Ex,  E2  and  E2  respectively,  then 


Sphere  1 


P 


(a)  Ex>  E2>  E2  (b)  E3  >  Ex>  E2 

(c)  E2>  Ex  >  E2  (d)  E2  >  E2>  Ex 


2.  A  glass  capillary  tube  is  of  the  shape  of  truncated 
cone  with  an  apex  angle  a  so  that  its  two  ends 
have  cross  sections  of  different 
radii.  When  dipped  in  water  ver¬ 
tically,  water  rises  in  it  to  a 
height  h,  where  the  radius  of  its 
cross  section  is  b.  If  the  surface 
tension  of  water  is  S,  its  density 
is  p,  and  its  contact  angle  with 
glass  is  0  the  value  of  h  will  be 
(g  is  the  acceleration  due  to 
gravity) 


2  S 
bpg 


cos  ( 0  -  a) 


(b)  cos  (0  +  a) 

bpg 

2S 

(c)  - cos  (6-  a/2) 

bpg 

2S 

(d)  - cos (0  +  a/ 2) 

bpg 

3.  If  Acu  is  the  wavelength  of  Ka  X-ray  line  of  copper 

(atomic  number  29)  and  A  Mo  is  the  wavelength  of 
the  Ka  X-ray  line  of  molybdenum  (atomic  number 
42),  then  the  ratio  Acu/AMo  is  close  to 

(a)  1.99  (b)  2.14 

(c)  0.50  (d)  0.48 

4.  A  planet  of  radius  R  =  —  X  (radius  of  Earth)  has 

the  same  mass  density  as  Earth.  Scientists  dig  a 

well  of  depth  —  on  it  and  lower  a  wire  of  the 

same  length  and  of  linear  mass  density  1 0  3  kgm  1 
into  it.  If  the  wire  is  not  touching  anywhere,  the 
force  applied  at  the  top  of  the  wire  by  a  person 
holding  it  in  place  is  (take  the  radius  of  Earth  = 
6  x  106  m  and  the  acceleration  due  to  gravity  of 
Earth  is  10  ms~2) 

(a)  96  N  (b)  108  N 

(c)  120  N  (d)  150  N 

5.  A  tennis  ball  is  dropped  on  a  horizontal  smooth 
surface.  It  bounces  back  to  its  original  position 
after  hitting  the  surface.  The  force  on  the  ball 
during  the  collision  is  proportional  to  the  length 
of  compression  of  the  ball.  Which  one  of  the 
following  sketches  describes  the  variation  of  its 
kinetic  energy  K  with  time  t  most  appropriately? 
The  figures  are  only  illustrative  and  not  to  the 
scale. 


(a) 
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t  t 


of  90  £2,  as  shown  in  the  figure.  The  least  count 
of  the  scale  used  in  the  metre  bridge  is  1  mm. 
The  unknown  resistance  is 


6.  A  metal  surface  is  illuminated  by  light  of  two  dif¬ 
ferent  wavelengths  248  nm  and  310  nm.  The  maxi¬ 
mum  speeds  of  the  photoelectrons  corresponding 
to  these  wavelengths  are  ux  and  u2,  respectively. 
If  the  ratio  ux  :  u2  =  2:1  and  he  =  1240  eV  nm, 
the  work  function  of  the  metal  is  nearly 

(a)  3.7  eV  (b)  3.2  eV 

(c)  2.8  eV  (d)  2.5  eV 

7.  A  wire,  which  passes  through  the  hole  in  a  small 
bead,  is  bent  in  the  form  of  quarter  of  a  circle. 
The  wire  is  fixed  vertically  on  ground  as  shown 
in  the  figure.  The  bead  is  re¬ 
leased  from  near  the  top  of 
the  wire  and  it  slides  along 
the  wire  without  friction.  As 
the  bead  moves  from  A  to  B, 
the  force  it  applies  on  the  wire 
is 

(a)  always  radially  outwards. 

(b)  always  radially  inwards. 

(c)  radially  outwards  initially  and  radially  inwards 
later. 

(d)  radially  inwards  initially  and  radially  outwards 
later. 

8.  During  an  experiment  with  a  metre  bridge,  the 
galvanometer  shows  a  null  point  when  the  jockey 
is  pressed  at  40.0  cm  using  a  standard  resistance 


(a)  60  ±  0.15  Q  (b)  135  ±  0.56  Q 

(c)  60  ±  0.25  Q  (d)  135  ±  0.23  Q 

9.  Parallel  rays  of  light  of  intensity  I  =  912  Wm  2 
are  incident  on  a  spherical  black  body  kept  in 
surroundings  of  temperature  300  K.  Take  Stefan- 
Boltzmann  constant  a  =  5.7  x  1 0  x  WnT2  K  4 
and  assume  that  the  energy  exchange  with  the 
surroundings  is  only  through  radiation.  The  final 
steady  state  temperature  of  the  black  body  is  close 
to 

(a)  330  K  (b)  660  K 

(c)  990  K  (d)  1550  K 


10.  A  point  source  S  is  placed  at  the  bottom  of  a 
transparent  block  of  height  1 0  mm  and  refractive 
index  2.72.  It  is  immersed  in  a  lower  refractive 
index  liquid  as  shown  in  the  figure.  It  is  found 
that  the  light  emerging  from  the  block  to  the  liquid 
forms  a  circular  bright  spot  of  diameter  11.54  mm 
on  the  top  of  the  block.  The  refractive  index  of 
the  liquid  is 


S 


Liquid 


Block 


(a)  1.21  (b)  1.30 

(c)  1.36  (d)  1.42 


SECTION  II 

Comprehension  Type  (Only  One  Option  Correct) 

This  section  contains  3  paragraphs,  each  describing  theory,  experiments,  data  etc.  Six  questions  relate  to  the  three 
paragraphs  with  two  questions  on  each  paragraph.  Each  question  has  only  one  correct  answer  among  the  four  given 
options  (a),  (b),  (c)  and  (d). 


Paragraph  for  Questions  11  and  12 

The  figure  shows  a  circular  loop  of  radius  a  with  two  long 
parallel  wires  (numbered  1  and  2)  all  in  the  plane  of  the 
paper.  The  distance  of  each  wire  from  the  centre  of  the 


loop  is  d.  The  loop  and  the  wires  are  carrying  the  same 
current/.  The  current  in  the  loop  is  in  the  counterclockwise 
direction  if  seen  from  above. 
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Wire  1 


Wire  2 


11.  When  d  ~  a  but  wires  are  not  touching  the  loop,  it 
is  found  that  the  net  magnetic  field  on  the  axis  of 
the  loop  is  zero  at  a  height  h  above  the  loop.  In  that 
case 

(a)  current  in  wire  1  and  wire  2  is  in  the  direction 
PQ  and  RS,  respectively  and  h  ~  a 

(b)  current  in  wire  1  and  wire  2  is  in  the  direction 
PQ  and  SR,  respectively  and  h  ~  a 

(c)  current  in  wire  1  and  wire  2  is  in  the  direction 
PQ  and  SR,  respectively  and  h~\.2a 

(d)  current  in  wire  1  and  wire  2  is  in  the  direction 
PQ  and  RS,  respectively  and  h  ~  1.2a 

12.  Consider  d  »  a,  and  the  loop  is  rotated  about  its 
diameter  parallel  to  the  wires  by  30°  from  the  posi¬ 
tion  shown  in  the  figure.  If  the  currents  in  the  wires 
are  in  the  opposite  directions,  the  torque  on  the  loop 
at  its  new  position  will  be  (assume  that  the  net  field 
due  to  the  wires  is  constant  over  the  loop) 


diatomic  gas  at  400  K.  The  heat  capacities  per  mole  of  an 

3  5 

ideal  monatomic  gas  are  CV  =  —R,CP  =  —R,  and  those 

5  7 

for  an  ideal  diatomic  gas  are  Cv  =  —R,CP  =  —R. 


13.  Consider  the  partition  to  be  rigidly  fixed  so  that  it 
does  not  move.  When  equilibrium  is  achieved,  the 
final  temperature  of  the  gases  will  be 

(a)  550  K  (b)  525  K 

(c)  513  K  (d)  490  K 

14.  Now  consider  the  partition  to  be  free  to  move  with¬ 
out  friction  so  that  the  pressure  of  gases  in  both 
compartments  is  the  same.  Then  total  work  done  by 
the  gases  till  the  time  they  achieve  equilibrium  will 
be 

(a)  250  R  (b)  200  R 

(c)  100  R  (d)  -100  R 

Paragraph  for  Questions  15  and  16 

A  spray  gun  is  shown  in  the  figure  where  a  piston  pushes 
air  out  of  a  nozzle.  A  thin  tube  of  uniform  cross  section 
is  connected  to  the  nozzle.  The  other  end  of  the  tube  is  in 
a  small  liquid  container.  As  the  piston  pushes  air  through 
the  nozzle,  the  liquid  from  the  container  rises  into  the 
nozzle  and  is  sprayed  out.  For  the  spray  gun  shown,  the 
radii  of  the  piston  and  the  nozzle  are  20  mm  and  1  mm 
respectively.  The  upper  end  of  the  container  is  open  to  the 
atmosphere. 


(a) 

p0I2a2 

(b) 

p0I2a2 

d 

Id 

(c) 

V3  p0I2a2 
d 

(d) 

>/3  Pol2 a2 
2d 

Paragraph  for  Questions  13  and  14 

In  the  figure  a  container  is  shown  to  have  a  movable 
(without  friction)  piston  on  top.  The  container  and  the 
piston  are  all  made  of  perfectly  insulating  material 
allowing  no  heat  transfer  between  outside  and  inside  the 
container.  The  container  is  divided  into  two 
compartments  by  a  rigid  partition  made  of  a 
thermally  conducting  material  that  allows 
slow  transfer  of  heat.  The  lower  compartment 
of  the  container  is  filled  with  2  moles  of  an 
ideal  monatomic  gas  at  700  K  and  the  upper 
compartment  is  filled  with  2  moles  of  an  ideal 


15.  If  the  piston  is  pushed  at  a  speed  of  5  mms  ',  the  air 
comes  out  of  the  nozzle  with  a  speed  of 

(a)  0.1  ms-1  (b)  1  ms-1 

(c)  2  ms~'  (d)  8  ms-1 

16.  If  the  density  of  air  is  pa  and  that  of  the  liquid  pb 
then  for  a  given  piston  speed  the  rate  (volume  per 
unit  time)  at  which  the  liquid  is  sprayed  will  be 
proportional  to 

(a)  J—  (b)  yj Pa  Pi 

V  Pi 

(c)  J—  (d)  p, 

\Pa 
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SECTION  III 

Match  List  Type  (Only  One  Option  Correct) 

This  section  contains  four  questions,  each  having  two  matching  lists.  Choices  for  the  correct  combination  of  elements 
from  List-I  and  List-II  are  given  as  option  (a),  (b),  (c)  and  (d)  out  of  which  one  is  correct. 


17.  A  person  in  a  lift  is  holding  a  water  jar,  which  has  a 
small  hole  at  the  lower  end  of  its  side.  When  the  lift 
is  at  rest,  the  water  jet  coming  out  of  the  hole  hits 
the  floor  of  the  lift  at  a  distance  d  of  1 .2  m  from  the 
person.  In  the  following,  state  of  the  lift’s  motion 
is  given  in  List  I  and  the  distance  where  the  water 
jet  hits  the  floor  of  the  lift  is  given  in  List  II.  Match 
the  statements  from  List  I  with  those  in  List  II  and 
select  the  correct  answer  using  the  code  given  be¬ 
low  the  lists. 


List  I 


List  II 


P.  Lift  is  accelerating  verti¬ 
cally  up. 

Q.  Lift  is  accelerating 
vertically  down  with  an 
acceleration  less  than  the 
gravitational  acceleration. 

R.  Lift  is  moving  vertically 
up  with  constant  speed. 

S.  Lift  is  falling  freely. 


1.  d  =  1.2  m 

2.  d  >  1.2  m 

3.  d  <  1.2  m 

4.  No  water  leaks 

out  of  the  jar 


Code: 

(a)  P-2, 

Q-3, 

R-2, 

S-4 

(b) 

P-2, 

Q-3, 

R-l, 

S-4 

(c) 

P-L 

Q-l, 

R-l, 

S-4 

(d) 

P-2, 

Q-3, 

R-l, 

S-l 

18.  Four  charges  Qh  Q2,  Q2  and  Q4of  same  magnitude 
are  fixed  along  the  x  axis  at  x  =  —2a,  -a,  +  a  and 
+  2 a,  respectively.  A  positive  charge  q  is  placed  on 
the  positive  y  axis  at  a  distance  b  >  0.  Four  options 
of  the  signs  of  these  charges  are  given  in  List  I.  The 
direction  of  the  forces  on  the  charge  q  is  given  in 
List  II.  Match  List  I  with  List  II  and  select  the  cor¬ 
rect  answer  using  the  code  given  below  the  lists. 


q 


(+o,  b) 


Q-i  Q2 

(-2a,  0)  (-a,  0) 


Q3  Q4 

(+a,  0)  (+2a,  0) 


List  I  List  II 

P.  Qu  Q2,  Q2  Q4  all  positive  1.  +x 

Q.  Q |,  Q2  positive;  g3,  Q4  negative  2.  -x 


R.  Qi,  Q4  positive;  Q2,  Q2  negative  3.  +y 

S.  Qi,  Qi  positive;  Q2,  Q4  negative  4.  -y 


Code: 

(a)  P-3, 

Q-l, 

R-4, 

S-2 

(b) 

P-4, 

Q-2, 

R-3, 

S-l 

(c) 

P-3, 

Q-l, 

R-2, 

S-4 

(d) 

P-4, 

Q-2, 

R-l, 

S-3 

19.  Four  combinations  of  two  thin  lenses  are  given  in 
List  I.  The  radius  of  curvature  of  all  curved  surfaces 
is  r  and  the  refractive  index  of  all  the  lenses  is  1.5. 
Match  lens  combinations  in  List  I  with  their  focal 
length  in  List  II  and  select  the  correct  answer  using 
the  code  given  below  the  lists. 


List  I 


List  II 
1.  2  r 


2.  r!  2 


0 

(I 


Code: 

(a)  P-1, 

Q-2, 

R-3, 

S-4 

(b) 

P-2, 

Q-4, 

R-3, 

S-l 

(c) 

P-4, 

Q-l, 

R-2, 

S-3 

(d) 

P-2, 

Q-l, 

R-3, 

S-4 

20.  A  block  of  mass  m  j  =  1  kg  another  mass  m2  =  2  kg, 
are  placed  together  (see  figure)  on  an  inclined  plane 
with  angle  of  inclination  9.  Various  values  of  9  are 
given  in  List  I.  The  coefficient  of  friction  between 
the  block  mx,  and  the  plane  is  always  zero.  The  co¬ 
efficient  of  static  and  dynamic  friction  between  the 
block  m2  and  the  plane  are  equal  to  jl  =  0.3.  In  List 
II  expressions  for  the  friction  on  the  block  m2  are 
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given.  Match  the  correct  expression  of  the  friction 
in  List  II  with  the  angles  given  in  List  I,  and  choose 
the  correct  option.  The  acceleration  due  to  gravity 
is  denoted  by  g. 

[Useful  information:  tan  (5.5°)  ~  0.1;  tan  (11.5°) 
=  0.2;  tan  (16.5°)  =  0.3] 


List  I 

List  II 

p. 

9=  5° 

1. 

m2g  sin  9 

Q- 

o 

O 

II 

05 

2. 

(ml  +  m2)g  sin  9 

R. 

9=  15° 

3. 

gm2g  cos  9 

S. 

9=  20° 

4. 

+  m2)g  cos 

Code: 

(a) 

P-1, 

Q-l,  R-l, 

S-3 

(b) 

P-2, 

Q-2,  R-2, 

S-3 

(c) 

P-2, 

Q-2,  R-2, 

S-4 

(d) 

P-2, 

Q-2,  R-3, 

S-3 

Answers 

Section  I 

1. 

(c) 

2.  (d) 

3. 

(b) 

4. 

(b) 

5.  (b) 

6. 

(a) 

7. 

(d) 

8.  (c) 

9. 

(a) 

10. 

(c) 

Section  II 

11. 

(c) 

12.  (b) 

13. 

(d) 

14. 

(d) 

15.  (c) 

16. 

(a) 

Section  III 

17. 

(c) 

18.  (a) 

19. 

(b) 

20. 

(d) 

Hints  and  Solutions 
1.  For  Sphere  1 

Let  be  the  radius  of  sphere  1  and  r(>  Rx)  be 
the  distance  of  P  from  O. 

From  Gauss’s  law, 

j)Ei  dS  ~ 

£0 


Ex  X  4  7T7'2  =  — 
So 


E  i  = 


4  7T£0  r 


Gaussian  surface 


Given  q  =  Q  and  r  =  R.  Hence 

Q 


E\m 


4neQ  R 


■  =  k 


(1) 


where  k  =  - r- 

4 ne0  R 

For  Sphere  2 

Let  R2  be  the  radius  of  sphere  2.  Then  from 
Gauss’s  law,  the  electric  field  E2  at  a  point  on  its 
surface  is  given  by 

E2  x  4 nR;  =  — 

£o 


=>  E2=  - 

4k£0R2 

Given  q  =  2 Q  and  R2  =  R.  Therefore 

2  Q 


e2  = 


4k£q  R 


=  2  k 


(2) 


For  Sphere  3 

Let  f?3  be  the  radius  of  the  sphere  and  Q2  be  the 
charge. 

a 


Charge  per  unit  volume  = 


4n 


Ri 


Charge  in  the  Gaussian  sphere  is 

q=  2^x4!Tr3 

^Rl  3 


0/ 

rI 
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Given  Q3  =  4 Q,  r  =  R  and  f?3  =  2 R. 

=  4 QxR3  _Q 
q  (2  Rf  2 
From  Gauss’s  law, 


P  = 


2 S 
R 


h  p  g  = 


2 S 
R 


2  S  cos  ^0  + 

b 


2 S  cos  ( 0  +  —  ] 

=*  h= — 

bpg 

So  the  correct  choice  is  (d). 

3.  The  Ka  X-ray  line  corresponds  to  the  transition 
n  =  2  to  n  =  1.  For  an  element  of  atomic  number 
Z,  the  wavelength  X  of  the  Ka  line  is  given  by 


£3x4  nr2  =  —  - 

£o  2e0 


Q  _  Q  _k 

8  7te0r2  8  ne0R2  2 


(3) 


From  (1),  (2)  and  (3)  we  find  that  E2  >  El  >  E2. 
So  the  correct  choice  is  (c). 

2.  It  is  clear  from  the  figure  that  ZOAB  +  /RAD  =  90° 
because  OA  =  R  is  the  radius  of  the  meniscus 
and  AD  is  the  tangent  to  the  meniscus  at  point  A. 


But  /ADR  =6  +  —. 

2 

Therefore  /BAD  =  90°  -  /ADR. 

Thus  /OAB  +  90°  -  /ADR  =  90° 

or  /OAB  =  /ADB  =  0  +  — 


a 


Now  b  =  R  cos  0  +  —  J  and  excess  pressure  on 
the  concave  side  of  the  meniscus  is 


-  =  rh(z- —  \  = 


l  l 


l2  22 


3  R 


H 


(Z-l)2 


K 


X 


Mo 


^Mo  1 
V  ^cu  —  1 


42-1 

29-1 


=  2.14 


4.  At  a  depth  r  below  the  surface  of  the  planet, 
r 


gr  gs 


R 


where  gs  =  acceleration  due  to  gravity  on  the 
surface  of  the  planet. 

GM  G  4  n  3  4nGpR 

-^  =  —  x~rR  P  = - ~ — 

R2  R2  3  3 


&S 


gr 


4nGpr 


If  F  is  the  force  needed  to  keep  the  wire  at  rest, 
then 

F—  weight  of  the  wire 


J  (X  dr) 

4 R 
5 

4 n  G pX 


4 n  G pr 


4  R 
5 


„  4  nGpX  9  R2 

F=  - —  x 


3  50 

On  the  surface  of  the  earth. 


(1) 
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8e 


Also 


Given 


GMe 

K 

An  r2 

TRe 


G  = 


SeK 

M. 


10 


Using  (2),  (3)  and  (4)  in  (1),  we  get 

9  geRA 


F  = 


5x10 


9  x  10  x  (6  x  106)  x  10-3 


(2) 

(3) 

(4) 


5x10 


+3 


-  =  108  N 


5.  The  ball  is  dropped  from  rest  at  say  t  =  0.  It  hits 
the  ground  at  t  =  tx  when  its  velocity  v  =  gt.  Its 
kinetic  energy  in  time  interval  0  to  tx  is  given  by 

,  ,  1  7  1  TO 

K  =  —  mv  —  —  mg  t 
2  2 

i.e.  K  oc  t2.  So  the  slope  of  the  K-t  graph  increases 
with  time  and  the  graph  is  not  linear  as  shown  in 
the  figure. 


At  t  =  tx,  the  velocity  is  reversed  and  the  ball 
begins  to  rise  upwards  with  initial  velocity  v 
which  decreases  with  time  and  its  K-t  graph  has 
a  negative  slope  until  the  ball  reaches  the  highest 
point  at  time  t2  when  it  is  momentarily  at  rest  and 
its  kinetic  energy  K  =  0. 

After  t  =  t2,  although  the  velocity  is  reversed,  the 

1  2 

speed  is  v  and  K  =  —  mv  which  is  positive.  So 

the  ball  reaches  the  same  height  from  which  it 
was  dropped.  Hence  the  correct  graph  is  (b) 


6.  hv  =  Kmax  +  W0 


1 

—  mv 
2 


2 

max 


+  w0 


( If’o  =  work  function) 


he 

T 


1 

—  m  v 

2 


2 

max 


+  w0 


2  he  2W0 


,.2_  2/zc  2  W0 
m  Aj  m 

(1) 

,  2  2  he  2  W0 

and  u2  = - 

m  m 

(2) 

Dividing  (1)  and  (2)  we  get 

hc  _ 

2  Q  n0 

u ^ 

f-w, 

a2 

(3) 

Given  =  248  nm,  X,  =  3 1 0  nm,  hc  = 

1240  eV  nm 

l(, 

and  — -2.  Using  these  values  in  (3),  we  have 


4  = 


1240  eV  nm 
248  nm 


■wn 


1240  eV  nm 
310  nm 


-Wn 


.  5  eV-W0 

=>  4=  - - 

4eV  -  W0 

=»  W0=  3.7  eV 

7.  Initially  the  bead  exerts  an  inward  radial  force 
(centripetal  force)  on  the  wire  and  the  wire  exerts 
a  normal  reaction  N  radially  outwards.  At  a  certain 
instant  during  the  motion,  the  normal  reaction  N 
becomes  zero.  After  that  instant,  the  normal  reac¬ 
tion  N  will  act  radially  outwards.  So  the  correct 
choice  is  (d). 


8 .  R  = 


f  l  ^ 


100-/ 


x  90  =  40X90  =  60  Q. 
60 


Since  90  Q.  is  exact,  the  fractional  error  in  R  is 


A R  _  0.1cm  0.1cm  0.1  0.1 
R  40  cm  60  cm  40  60 


Since  R  =  60  £2, 

=>  AR  =  —  x  60  +  —  x  60  =  0.15  +  0.1  =  0.25  £2 
40  60 

.-.  R±AR  =  (60  ±  0.25)  Q 
The  correct  choice  is  (c). 
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9.  When  the  steady  state  is  reached,  the  rate  of  en¬ 
ergy  lost  by  the  sphere  =  rate  at  which  the  energy 
is  incident  on  it,  i.e.  (here  R  =  radius  of  sphere) 

a  x  4nR2  [ T 4  -  (300)4]  =  912  x  nR2 
=>  5.7  x  10-8  x  4[r4  -  (300)4]  =  912 

=>  r4-(300)4  = - — - -  =  40  x  108 

4  x  5.7  x  10-8 

=>  J4-81xl08  =  40xl08 


T  =  (121  x  108)1/4  =  332K  =  330  K 


10.  tan  i„ 


r 

Ji 


5.77 


=  V3 


10 

ie  =  30° 


Also 


sin  ic  = 


El 

Hb 


Hi 


Hb  sin  C 


=  2.72  x  sin  30°  =  1.36 


So  the  correct  choice  is  (c). 

11.  If  the  currents  in  wires  1  and  2  are  in  the  same 
direction  and  since  the  distance  of  point  C  (not 
shown  in  figure)  at  a  height  h  above  the  centre 
O  of  the  loop  is  the  same  from  the  two  wires, 
the  magnitudes  of  magnetic  field  at  C  are  equal 
for  both  wires,  but  their  directions  are  opposite. 
Hence,  the  magnetic  field  due  to  current  /  in  the 
wires  will  be  zero  at  C  but  the  magnetic  field  due 
current  /  is  not  zero  at  point  C.  Hence  the  net 
magnetic  field  at  C  due  to  the  net  magnetic  field 
at  C  due  to  the  wires  and  due  to  the  loop  cannot 
be  zero.  Therefore,  options  (a)  and  (d)  are  wrong. 


Wire  2 


The  distance  of  point  C  from  the  centre  O  of  the 

loop  is  _ 

r  =  s]h2  +  a2 

The  magnet  field  at  the  height  h  due  to  each  wire 

is  ElL  Thg  direction  of  this  field  is  along  the 
2nr 

tangent  at  the  given  point  to  the  field.  The  total 
field  due  to  both  wires  is 


B  = 


2  Ho  I 
2nr 


along  the  tangent  at  the  given  point. 


But  the  magnetic  field  due  the  loop  is 


B,= 


H0  la" 


2r 


out  of  the  page. 


The  net  field  at  the  given  point  will  be  zero  if 
component  of  Bw  along  the  axis  of  the  loop  =  Bb 
i.e. 

Bw  sin  9  =  Bh  where  9  =  angle  between  A  C  and  CO. 
=  Ho1  «2 


2nr  r 
2 


2r 


nr 


a 

7 

na 


J777  =  — 
2 


=  a 


(  _2 

^-1 


\l/2 


H.2a 


So  the  correct  choice  is  (c) 

12.  If  d  »  a;  the  torque  on  the  loop  is 
T=  IB  A  sin  9 

=  I  x  ~~'U°  -  x  na 2  x  sin  30° 
2nd 

/J.0 12  a2 
2d 
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13.  Let  T  be  the  equilibrium  temperature.  Since  the 
partition  between  then  two  compartments  is  regid, 
the  transfer  of  heat  from  the  lower  compartment 
(which  contains  a  monoatomic  gas  at  700  K)  to 
the  upper  compartment  takes  place  at  constant 
volume. 

Heat  transferred  from  lower  to  upper  compart¬ 
ment  is 

1 R 

Qx  =  nCv  AT=  2x  —  x(700-L)  (1) 


Since  the  piston  and  the  top  of  the  upper  com¬ 
partment  are  frictionless,  heat  Q2  is  gained  by  the 
diatomic  gas  in  the  upper  compartment  at  constant 
pressure,  i.e. 

Qi  =  nCp  AT  =  2XyX(7- 400)  (2) 

Equating  (1)  and  (2), 

1/?  1 R 

2  x  —  x  (700  -  T)  =  2  x  —  x(T-  400) 

=>  3  x  (700  -T)  =  7  x(T-  400) 

=>  T  =  490  K 


14.  If  the  partition  between  the  two  compartments  is 
frictionless,  the  heat  exchange  between  the  gases 
takes  place  at  constant  pressure.  If  T'  is  the  equi¬ 
librium  temperature  now,  then 

2xyX  (700 -7,')  =  2XyX(r- 400) 

=>  r  =  525  K 

Since  the  temperature  of  the  gas  in  the  lower 
compartment  falls,  the  work  done  by  the  gas  is 
Wx  =  -nR  AT=-2xRx  (700  -  525)  =  -350  R 
Since  the  temperature  of  the  gas  in  the  upper 
compartment  increases,  the  work  done  by  the  gas 
is 

W2  =  +nR  AT  =  +2  x  R  x  (525  -  400)  =  +250  R 
.•.  Net  work  done  =  W,  +  W2  =  -350  R  +  250  R 
—  -100  R 

So  the  correct  choice  is  (d). 

15.  From  the  equation  of  continuity  of  flow, 

a\  v\  =  a2  V2 
=>  (tt  r\)  vx  =  (71  r2)  v2 


\'2  J 


=  5  mm  s 


x 


f  20  mm  'j2 
^  1  mm  , 


=  2000  mm  s  1 
=  2  ms~’ 

So  the  correct  choice  is  (c). 
16.  From  Bernoulli’s  principle. 


^0  +  \  Pa  Vl  =PQ  +  \p,  vf 


=  V 


2  Pa 

a 

Pi 


For  given  va,  vt 


which  is  choice  (a). 


17.  Velocity  of  efflux  is  v  =  \f2g~h  where  h  is  the 
depth  of  the  hole  below  the  surface  of  water  in 
the  jar.  The  time  taken  by  water  emerging  from 
the  hole  to  hit  the  floor  of  the  lift  is  given  by 


t  = 


2 (H  -  h) 


g 


where  H  is  the  height  of  water  in  the  jar. 

Horizontal  range  d  =  vt  =  ^2h(H  -  h).  Thus 
d  is  independent  of  g.  Hence  in  P,  Q  and 
R,  d  remains  the  same  =  1.2  m.  But  in  S, 
geff  =  0.  Hence  v  =  0.  Thus  in  case  S,  no 
water  emerges  out  of  the  hole.  So,  the  correct 
answer  isP— >1,Q— »  1 ,  R  — »  1  and  S  — >  4, 
which  is  option  (c). 


18.  Case  P:  In  this  case,  the  net  force  F  exerted  on 
q  by  Qx  and  Q4  and  also  by  Q2  and  Q3  are  in  the 
+y  direction.  So  P  — »  3. 


Case  Q:  In  this  case,  the  net  force  F  exerted  on 
q  by  Qx  and  Q4  and  also  by  Q2  and  Q3  are  in  the 
+x  direction.  So  Q  — »  1. 


Case  R:  In  this  case,  the  net  force  Fx  exerted  on 
q  by  Qx  and  Q4  is  in  the  +y  direction  and  the  net 
force  F2  exerted  on  q  by  Q2  and  Q3  is  in  the  —y 
direction.  Since  Q2  and  Q3  are  closer  to  q  than 
Qx  and  Q4,  F2  >  F j.  Hence  the  net  force  on  q 
due  to  all  the  four  charges  is  in  the  —y  direction. 
So  R  — >  4. 


Case  S:  In  this  case,  the  net  force  Fx  exerted  on 
q  by  Qx  and  Q4  is  in  the  +x  direction  and  the  net 
force  F2  exerted  on  q  by  Q2  and  Q3  is  in  the  —x 
direction.  Since  Q2  and  Q3  are  closer  to  q  than 
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Q\  and  Q4,  F2  >  F j.  Hence  the  net  force  on  q  due 
to  all  the  four  charges  is  in  the  —x  direction.  So 
S  — »  2.  Thus  the  correct  choice  is  (a). 


Fig.  1  Fig.  2 


For  a  combination  of  lens,  —  = - 1 - . 

F  f  h 

1112  r 

Case  P:  —  =  -  +  -  =  —  =>  F  =  —.Therefore  P  — >  2. 
F  r  r  r  2 

Case  Q:  =$■  F=r. Therefore  Q  — »  4 

F  2  r  2  r  r 


Case  R:  — = - = — =>  F  —  —  r.  Therefore 

F  2  r  2  r  r 

R  ->  3 

CaseS:  —  =  — — — =— =>  F=2r.  Therefore  S  — >  1. 
F  r  2  r  2  r 


Fig.  3 

For  an  equi-convex  lens  (Fig.  1) 

Rx  =  +r,  R2  =  -r.  Given  /u  =  1.5. 


—  =(1.5  —  1) 

/ 


1  1 


V' 


2  1 


- =  0.5  x  —  =  - 


=>  /=  r 

For  a  plano-convex  lens  (Fig.  2) 
Rx  =  oo,  R2  =  —r 

4  =  (1-5-1)^  1  n  1 


/ 

/=  2r 


2  r 


For  a  plano-convex  lens  (Fig.  3) 
Rx  =  °°,  R2  =  +r 


1 


(1.5-1) 


/ 

f=-2r 


J__  1 

OO  f 


1 

2  r 


So  the  correct  option  is  (b). 


The  block  m2  will  not  slide  down  the  plane  if  the 
frictional  force  on  it  has  a  maximum  value  /max 
given  by 

/max  ^  Oi  +  m2)  g  sin  e 
=>  p  N2  >  (mx  +  m2)  g  sin  9 

=>  p  m2  g  cos  9  >  (mx  +  m2 )  g  sin  9 

=>  0.3  x  2  x  g  cos  9  >  (1  +  2)  g  sin  9 

=>  0.2  >  tan  9 

Thus  9  must  be  less  than  tan~’(0.2)  =  11.5°. 

For  cases  P  and  Q,  9  is  less  than  11.5°.  Hence  the 
force  of  friction  on  m2  is  f  —  (ml  +  m2)  g  sin  9. 
But  for  cases  R  and  S,  9  is  greater  than  11.5°. 
Hence  the  force  of  friction  on  m2  must  be 

/=  /max  =  l1  m2  X  sin  0 

So  the  correct  answer  is:  P  — »  2,  Q  — >  2,  R  — >  3, 
S  — >  3,  which  is  option  (d). 
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section  i 

(Single  Digit  Integer  Type) 

This  section  contains  EIGHT  questions 

The  answer  to  each  question  is  a  SINGLE  DIGIT  INTEGER  ranging  from  0  to  9,  both  inclusive 


1. 


An  infinitely  long  uniform  line  charge  distribution 
of  charge  per  unit  length  X  lies  parallel  to  the 

V3 

y-axis  in  the  y-z  plane  at  z  =  a  (see  figure). 

If  the  magnitude  of  the  flux  of  the  electric  field 
through  the  rectangular  surface  ABCD  lying  in  the 

x-y  plane  with  its  center  at  the  origin  is  — (80  = 

ne0 

permittivity  of  free  space),  then  the  value  of  n  is 


2.  Consider  a  hydrogen  atom  with  its  electron  in 
the  nth  orbital.  An  electromagnetic  radiation  of 
wavelength  90  nm  is  used  to  ionize  the  atom.  If 
the  kinetic  energy  of  the  ejected  electron  is  10.4 
eV,  then  the  value  of  n  is  (he  =  1242  eV  nm) 

3.  A  bullet  is  fired  vertically  upwards  with  velocity 
v  from  the  surface  of  a  spherical  planet.  When  it 
reaches  its  maximum  height,  its  acceleration  due 
to  the  planet’s  gravity  is  l/4th  of  its  value  at  the 
surface  of  the  planet.  If  the  escape  velocity  from 
the  planet  is  vesc  =  v4n  ,  then  the  value  of  N  is 
(ignore  energy  loss  due  to  atmosphere) 

4.  Two  identical  uniform  discs  roll  without  slipping 
on  two  different  surfaces  AB  and  CD  (see  figure) 


starting  at  A  and  C  with  linear  speeds  vl  and  v2, 
respectively,  and  always  remain  in  contact  with 
the  surfaces.  If  they  reach  B  and  D  with  the  same 
linear  speed  and  v,  =  3  m/s,  then  v2  in  m/s  is 
(g  =  10  m/s2 3 4) 


5.  Two  spherical  stars  A  and  B  emit  blackbody 
radiation.  The  radius  of  A  is  400  times  that  of  B 
and  A  emits  104  times  the  power  emitted  from 
B.  The  ratio  (kA/XB)  of  their  wavelengths  XA  and 
Kj,  at  which  the  peaks  occur  in  their  respective 
radiation  curves  is 

6.  A  nuclear  power  plant  supplying  electrical  power 
to  a  village  uses  a  radioactive  material  of  half 
life  T  years  as  the  fuel.  The  amount  of  fuel  at  the 
beginning  is  such  that  the  total  power  requirement 
of  the  village  is  12.5  %  of  the  electrical  power 
available  form  the  plant  at  that  time.  If  the  plant 
is  able  to  meet  the  total  power  needs  of  the  village 
for  a  maximum  period  of  nT  years,  then  the  value 
of  n  is 
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7.  A  Young’s  double  slit  interference  arrangement 
with  slits  .S'!  and  S2  is  immersed  in  water  (refractive 
index  =  4/3)  as  shown  in  the  figure.  The  positions 
of  maxima  on  the  surface  of  water  are  given  by  x2 
=  p2m2)2  -  d2 ,  where  A  is  the  wavelength  of  light 
in  air  (refractive  index  =  1),  2d  is  the  separation 
between  the  slits  and  m  is  an  integer.  The  value 
of  p  is 


8.  Consider  a  concave  mirror  and  a  convex  lens 
(refractive  index  =  1.5)  of  focal  length  10  cm  each, 
separated  by  a  distance  of  50  cm  in  air  (refractive 
index  =  1)  as  shown  in  the  figure.  An  object  is 
placed  at  a  distance  of  15  cm  from  the  mirror. 
Its  erect  image  formed  by  this  combination  has 
magnification  Mx.  When  the  set-  up  is  kept  in  a 
medium  of  refractive  index  7/6,  the  magnification 


becomes  M2.  The  magnitude 


M 2 

Mx 


is 


SECTION  II 

(One  or  More  than  One  Options  Correct  Type) 

This  section  contains  TEN  questions 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONE  OR  MORE  THAN  ONE  of  these  four  options(s)  is  (are) 
correct 


9.  Consider  a  vernier  callipers  in  which  each  1  cm  on 
the  main  scale  is  divided  into  8  equal  divisions  and 
a  screw  gauge  with  100  divisions  on  its  circular 
scale.  In  the  Vernier  callipers,  5  divisions  of  the 
Vernier  scale  coincide  with  4  divisions  on  the 
main  scale  and  in  the  screw  gauge,  one  complete 
rotation  of  the  circular  scale  moves  it  by  two 
divisions  on  the  linear  scale.  Then: 

(a)  If  the  pitch  of  the  screw  gauge  is  twice  the 
least  count  of  the  Vernier  callipers,  the  least 
count  of  the  screw  gauge  is  0.01  mm. 

(b)  If  the  pitch  of  the  screw  gauge  is  twice  the 
least  count  of  the  Vernier  callipers,  the  least 
count  of  the  screw  gauge  is  0.005  mm. 

(c)  If  the  least  count  of  the  linear  scale  of  the 
screw  gauge  is  twice  the  least  count  of  the 
Vernier  callipers,  the  least  count  of  the  screw 
gauge  is  0.01  mm. 

(d)  If  the  least  count  of  the  linear  scale  of  the 
screw  gauge  is  twice  the  least  count  of  the 
Vernier  callipers,  the  least  count  of  the  screw 
gauge  is  0.005  mm. 

10.  Planck’s  constant  h,  speed  of  light  c  and 
gravitational  constant  G  are  used  to  form  a  unit 
of  length  L  and  a  unit  of  mass  M.  Then  the  correct 
option(s)  is(are) 


(a)  M  oc  yfc  (b)  M  x/G 

(c)  L  °c  x/A  (d)  L  x/G 

11.  Two  independent  harmonic  oscillators  of  equal 
mass  are  oscillating  about  the  origin  with  angular 
frequencies  C0j  and  0)2  and  have  total  energies 
£j  and  E2,  respectively.  The  variations  of  their 
momenta  p  with  positions  x  are  shown  in  the 

figures.  If  a  —n2  and  —n,  then  the  correct 
b  R 

equation(s)  is(are) 


(a) 

Excox  —  E2o)2 

(b) 

©2 

©! 

=  n2 

(c) 

(0^2  =  n2 

(d) 

©! 

=  E^ 

©2 

12.  A  ring  of  mass  M  and  radius  R  is  rotating  with 
angular  speed  (0  about  a  fixed  vertical  axis  passing 
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through  its  centre  O  with  two  point  masses  each 
M 

of  mass  —  at  rest  at  O.  These  masses  can  move 
8 

radially  outwards  along  two  massless  rods  fixed  on 
the  ring  as  shown  in  the  figure.  At  some  instant 

g 

the  angular  speed  of  the  system  is  —  co  and  one 

3 

of  the  masses  is  at  a  distance  of  —R  from  O.  At 

5 

this  instant  the  distance  of  the  other  mass  from  O 
is 


13.  The  figures  below  depict  two  situations  in  which 
two  infinitely  long  static  line  charges  of  constant 
positive  line  charge  density  X  are  kept  parallel  to 
each  other.  In  their  resulting  electric  field,  point 
charges  q  and  -q  are  kept  in  equilibrium  between 
them.  The  point  charges  are  confined  to  move  in 
the  x  direction  only.  If  they  are  given  a  small 
displacement  about  their  equilibrium  positions, 
then  the  correct  statement(s)  is(are) 


(a) Both  charges  execute  simple  hannonic  motion. 

(b)  Both  charges  will  continue  moving  in  the 
direction  of  their  displacement. 

(c) Charge  +q  executes  simple  harmonic  motion 

while  charge  —q  continues  moving  in  the 
direction  of  its  displacement. 

(d)  Charge  -q  executes  simple  harmonic  motion 
while  charge  +q  continues  moving  in  the 
direction  of  its  displacement. 

14.  Two  identical  glass  rods  S j  and  S2  (refractive  index 
=  1.5)  have  one  convex  end  of  radius  of  curvature 


10  cm.  They  are  placed  with  the  curved  surfaces 
at  a  distance  d  as  shown  in  the  figure,  with  their 
axes  (shown  by  the  dashed  line)  aligned.  When  a 
point  source  of  light  P  is  placed  inside  rod  *!>!  on 
its  axis  at  a  distance  of  50  cm  from  the  curved 
face,  the  light  rays  emanating  from  it  are  found 
to  be  parallel  to  the  axis  inside  S2.  The  distance 
d  is 


5,  A 


(a)60  cm  (b)  70  cm 

(c)80  cm  (d)  90  cm 

15.  A  conductor  (shown  in  the  figure)  carrying 
constant  current  /  is  kept  in  the  x-y  plane  in  a 
uniform  magnetic  field  B  .  If  F  is  the  magnitude 
of  the  total  magnetic  force  acting  on  the  conductor, 
then  the  correct  statement(s)  is(are) 


(a) If  B  is  along  z,  F  «=  (L  +  R) 

(b)  If  B  is  along  x,  F  =  0 

(c) If  B  is  along  y,  F  °c  (L  +  R) 

(d)  If  B  is  along  z,  F  =  0 

16.  A  container  of  fixed  volume  has  a  mixture  of 
one  mole  of  hydrogen  and  one  mole  of  helium  in 
equilibrium  at  temperature  T.  Assuming  the  gases 
are  ideal,  the  correct  statement(s)  is(are) 

(a) The  average  energy  per  mole  of  the  gas  mixture 

is  2 RT. 

(b)  The  ratio  of  speed  of  sound  in  the  gas  mixture 
to  that  in  helium  gas  is  v6/5  . 

(c) The  ratio  of  the  rms  speed  of  helium  atoms  to 

that  of  hydrogen  molecules  is  1/2. 

(d)  The  ratio  of  the  rms  speed  of  helium  atoms 
to  that  of  hydrogen  molecules  is  1  /  yfl  . 

17.  In  an  aluminium  (Al)  bar  of  square  cross  section, 
a  square  hole  is  drilled  and  is  filled  with  iron  (Fe) 
as  shown  in  the  figure.  The  electrical  resistivities 
of  Al  and  Fe  are  2.7  x  1(T8  Q  m  and  1.0  x  10~7  £2 
m,  respectively.  The  electrical  resistance  between 
the  two  faces  P  and  0  of  the  composite  bar  is 
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2475 

1875 

(a) 

— 

(b) 

— 

64 

64 

1875 

2475 

(c) 

uQ 

49 

(d) 

uQ 

132 

18.  For  photoelectric  effect  with  incident  photon 
wavelength  X,  the  stopping  potential  is  V0.  Identify 
the  correct  variation! s)  of  C0  with  a  and  1/A. 


SECTION  III 

This  section  contains  TWO  questions 

Each  question  contains  two  columns,  Column  I  and  Column  II 
Column  I  has  four  entries  (a),  (b),  (c)  and  (d) 

Column  II  has  five  entries  (p),  (q),  (r),  (s)  and  (t) 

Match  the  entries  in  Column  I  with  the  entries  in  Column  II 

One  or  more  entries  in  Column  I  may  match  with  one  or  more  entries  in  Column  II 


19.  Match  the  nuclear  processes  given  in  column  I 
with  the  appropriate  option(s)  in  column  II 
Column  I  Column  II 

(a)  Nuclear  fusion  (p)  Absorption 

of  thermal  neutrons 

i  235  j  t 

by  92  U 


(b)  Fission  in  a 
nuclear  reactor 

(c)  3-decay 


(d)  y-ray  emission 


(q)  ?7  C°  nucleus 

(r)  Energy  production 
in  stars  via  hydrogen 
conversion  to  helium 

(s)  Heavy  water 

(t)  Neutrino  emission 


20.  A  particle  of  unit  mass  is  moving  along  the  x-axis  under  the  influence  of  a  force  and  its  total  energy  is 
conserved.  Four  possible  forms  of  the  potential  energy  of  the  particle  are  given  in  column  I  ( a  and  U0  are 
constants).  Match  the  potential  energies  in  column  I  to  the  corresponding  statement(s)  in  column  II. 

Column  I  Column  II 


(a)  £/!<»  = 


(p)  The  force  acting  on  the  particle  is  zero  at  x  —  a. 


(b) 


u2  00  = 


a 


(q)  The  force  acting  on  the  particle  is  zero  at  x  =  0. 
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(WM-tG) 

(d)  U4(x)  =  ^r- 


/  \  2 

/  \  2 

I  x  1 

[  X) 

-  exp 

-  - 

\aj 

V a J 

u0 

X 

If 

^  N  3  "1 

“I 

2 

a 

3! 

Ka) 

1.  6 
4.  7 
7.  3 


Answers 

Section-I 

2.  2 
5.  2 
8.  7 

Section-II 


(r)  The  force  acting  on  the  particle  is  zero  at  x  =  -  a. 

(s)  The  particle  experiences  an  attractive  force 
towards  x  =  0  in  the  region  \x\  <  a. 

(t)  The  particle  with  total  energy  —  can  oscillate  about 

the  point  x  =  -  a.  ^ 

2.  Ionization  energy  of  hydrogen  atom  with  the 
electron  in  the  nth  orbit  is 


3.  2 

6.  3 


9.  (b)  and  (c)  10.  (a),  (c)  and  (d) 

11.  (b)  and  (d)  12.  (d) 

13.  (c)  14.  (b) 

15.  (a),  (b)and(c) 

16.  (a),  (b)  and  (d) 

17.  (b)  18.  (a)  and  (c) 

Section-Ill 

19.  (a)  -4  (r),  (b)  -4  (p,  s),  (c)  -4  (q,  t),  (d)  -4  (q,  r,  t) 

20.  (c) 

Hints  and  Solutions 
Section-I 

1.  Every  point  on  ABCD  is  at  the  same  distance 
/7 

z  =  _  a  from  the  line  of  charge.  Hence  the 

2 

electric  field  due  to  the  linear  charge  distribution 
is  constant  inside  the  closed  rectangular  surface. 
According  to  Gauss’s  law,  the  electric  flux  through 
this  surface  is 

0  =  — 

£o 

where  q  =  charge  enclosed  in  ABCD  =  charge 
of  line  AB  of  lengh  L.  If  A  is  the  charge  per 
unit  length,  q  =  XL.  Since  the  closed  rectangular 
surface  has  6  sider,  the  flux  through  each  sides 
(such  as  ABCD). 
is 

0  q  XL 

6  6e0  6e0 

Thus  n  =  6. 


E  =  hv 


13.6eV 


„  he  13.6eV 
=4  E  = - - — 

A  «2 

Given  E  =  10.4  eV,  X  =  90  nm  and  he  =  1242 
eV  nm.  Hence 


10.4eV  = 


1242eVnm  13.6eV 


90  nm 
13.6 


10.4  =  13.8  - 


=>  rr  =  4.  Hence  n  =  2. 

3.  Let  PA  be  the  maximum  height  attained. 

It  is  given  that  g  at  P  =  (g  at  A),  i.e. 


GM  1  GM 


r2  4  R2 
=>  r  =  2R 

For  energy  conservation,  total  energy  at  A  =  total 
energy  at  P,  i.e., 

1  9  GmM  GmM 

—mv - =0 - 

2  R  r 


1  9  GM  GM 


2  R  2R 


(v  r  =  2R) 


v  — 


GM 


R 


•G) 


We  know  that  the  escape  velocity  from  the  surface 
of  the  planet  is  given  by 


v„  =  A——  =  V2v  [Use  Eq.  (i)] 
R 
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It  is  given  that  ve  =  Va  v.  Hence  N  =  2. 


4.  Let  Mbe  the  mass  of  each  disc  and  R  be  its  radius, 
the  total  kinetic  energy  of  a  disc  rolling  without 
slipping  is  given  by 

Total  K.E.  =  rotational  K.E.  +  Translation  K.E. 

1,1, 

=  —I  co2  +—Mv2 
2  2 


=  MR : 


2  V2 


v 

x|  - 
R 


1  2 

H —  mv 
2 


_  1  2  1  ?  3  2 

-  —mv  H — mv  =—  mv 
4  2  4 

As  the  disc  rolls  down  the  inclined  plane,  it  gains 
kinetic  energy  and  loses  potential  energy.  Since 
the  final  kinetic  energy  of  the  discs  is  the  same, 
Increase  in  K.E.  =  decrease  in  P.E. 

3  3 

-mv";  -  -Mv i  =  Mg(h2  -  hx) 

=>  ^(v2  -  32)  =  10  x  (30  -  27)  =  30 

=>  v2  =  30x-  +  9  =  49 
2  3 

=>  v2  =  7  ms-1 

5.  According  to  Wien’s  displacement  law, 

K=ta=K=tb 

where  TA  and  T H  are  the  temperatures  of  stars  A 
and  B.  Thus 


K 


...(i) 


According  to  Stefan’s  law,  the  energy  radiated  per 
second  from  the  surface  of  A  and  B  are 

Ea  Ta  4 

and  Eb  =  oTB  Alb 


where  Aa  = 


4k  R, 


and  Ab  = 


4 n  Ra  are  their 


respective  surface  areas.  Therefore 


f  T 

1A 

\TBJ 


R 


\2 


V  rb  J 


Given  =  1 04  and  — ~ 
E  b  Eb 

values,  we  have 


104  = 


( T  \ 


\tbJ 


x  (400) 


Ta  =  1 
Tb  2 


=  400 .  Substituting  these 


2 


...(h) 


Using  (2)  in  (i),  we  get  —  =  2 

Ab 

6.  Let  P  be  the  power  generated  by  the  plant 

and  P'  be  the  power  requirement  of  the  village. 

12  5  P  P 

P'  =  12.5%  of  P  —  —  x  P  =  —  =  — 

100  8  23 

Therefore,  the  number  of  half  lives  when  P’ 
P 

becomes  —  is  3.  So  the  time  reqired  =  37’.  Thus 
n  =  3. 

7.  Optical  path  in  a  medium  =  refractive  index  of 
the  medium  x  actual  path. 


SlP  =  S2P  =  [x2  +d2f2 

On  reaching  P,  the  optical  path  difference  between 
the  waves  from  S2  and  5)  is 
Ax  =  JUWS2P  -  j.iaSxP 

=  ^  x  (x2  +  d2  - 1  x  (x2  +  d2 
=  ^  x  (x2  +  d2  y7“ 

There  will  be  a  maximum  (i.e.  bright  fringe)  of 
order  m  at  point  P  if 
Ar  =  mk 

or  -x(x2  +d2^2  =m 


=>  ^  x  (x2  +  d2 )  =  m2A2 

=>  x2  =  9m2k2  -  d2  ,..(i) 
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Comparing  Eq.  (i)  with  the  given  equation 

2  2  2  1 2  ,2 
x  =  p  m  k  —  a  , 

we  get,  p2  =  9  or  p  =  3. 

8.  For  the  concave  mirror,  ul  =  -15  cm  and 
f2  =  -10  cm. 

A  «i  f\ 

1  1  1 

=>  — l - - -  =>  v,  =  -30  cm 

-15  -10  1 


Magnification  produced  by  mirror  is 


30  cm  20  cm 


For  the  convex  lens  in  air,  f2  =10  cm  and 
u2  =  20  cm 

_L-_L-_L 

v2  «2  fl 


J _ 1__J_ 

20  ^  To 


v2  =  +  20  cm 


Magnification  produced  by  lens  is 


777 


2 


v2  +20 
u2  -20 


Total  magnification  produced  by  the  combination 
is 


Mj  =  777  2  X  777 2  =  -  2  X  1  =  +2 

When  the  equipment  is  immersed  in  a  medium 
7 

of  u  =  — ,  the  focal  length  of  the  mirror  remains 
6 

unchanged  hence  777,  =  -2,  but  the  focal  length  of 
the  lens  becomes^’  given  by 


1 

J: 


— 1.5 
6 


V  1.5  J 


...(i) 


In  air 


1 

7i 


=  (1.5-1) 


1  1  _  1 

~R{~R^~oJf2 


- =  —  Using  this  in 

0.5x10  5  5 


(i)  we  have, 


li 


(  i\ 

1.5  —  — 

6 


V  6  J 


1  . ,  35 

xj=>/2  =ycm 


35 

Using  77 2  =  -  20  cm  and  f2  = — cm  in 

111 

— : - r  -  — ,  we  have 

v2  «2  fl 

112  , 

- 1 - =  —  =>v7  =  140cm 

v7'  20  35 


140 

-20 


-  =  -7 


M2  =  -  2  x  -  7  =  14 

ffp  -  -  _7 

M]  -2 


or 


M7 


M, 


=  7 


Section-II 

9.  For  vernier  callipers 

1  M.S.D.  =  —  cm 

8 

Also  5  V.S.D.  =  4  M.S.D. 

4  4  11 

1  V.S.D.  =  -  M.S.D.  =  —  x  —  =  —  cm 

5  5  8  10 

Vernier  constant  V.C.  =  1  M.C.D.  -  1  V.S.D. 

111  nos 

= - =  —  cm  =  0.25  cm 

8  10  40 

Case  (i):  If  pitch  of  screw  gauge  =  2  x  V.C.  = 

2  x  0.025  cm  =  0.05  cm,  then  least  count  of 
screw  gauge  is 

0.05  cm 

L.C.  =  -  =  0.005  cm  =  0.005  mm 

100 

So  choice  (a)  is  wrong  and  choice  (b)  is  correct. 
Case  (ii):  If  the  least  count  of  the  linear  scale  of 
the  screw  gauge  is  twice  the  vernier  constant,  i.e. 
if  1  M.C.D.  =  2  x  0.25  cm  =  0.05  cm  =  0.5mm, 
then  the  pitch  of  screw  gauge  =  2  x  0.5mm  = 

1  mm  and  its  least  count  will  be  =  ^  = 

100 

0.01  mm.  So  choice  (c)  is  correct  and  choice  (d)  is 
wrong.  Hence  the  correct  choices  are  (b)  and  (c). 
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10.  Case  (i)  If  h,  c  and  G  are  used  to  form  a  unit  of 
length  to  L  then, 

t  i  ci  b  /~<c 

L  <x:  n  C  (j 

or  L  =  k  [ML2r']a  x  (LT-1]*  x  [NT1  L3T^2]C 
where  A:  is  a  dimensionless  constant.  Equating  the 
power  of  M,  L  and  T  we  get 
a  -  c  =  0,  2a  +  b  3c  =  I  and  - a  —b  -2c  =  0. 

1  1 

These  equations  give  a  =  — ,  b  = 


—  and  c  = 
2 


— .  Thus 
2 

L  =  r1/2  cm  gm 

So  choices  (c)  and  (d)  are  correct. 

Case  (ii)  :  If  h,  c  and  G  are  used  to  form  a  unit 
of  mass  M,  then 
M  =  khacbGc 

Substituting  the  dimensions  of  h,  c  and  G  and 
equating  the  powers  of  M,  L  and  T,  we  get  a  = 

1  1  1  A  1 

— ,  b  =  — ,  and  c  =  — . 

2  2  2 

Thus  M  =  khmcmGTm 

So  the  correct  choice  is  (a).  Hence  the  correct 
choices  are  (a),  (c)  and  (d). 

11.  It  follows  from  the  figure  that,  for  the  first 
oscillator,  the  amplitude  is  equal  to  a  because 
the  maximum  value  of  displacement  x  is  a. 

The  velocity  of  the  oscillator  is  given  by 
.2  V/2 

I  .  J 

v  =  a(x) 


i-T 

a  J 


and  its  momentum  is  ( m  =  mass  of  oscillator) 

..2  V/2 


p  =  mv  =  maw 


i-T 

a"  J 


For  the  first  oscillator,  when  x  =  0,  p  =  p.  Hence 
b  =  maw  | 


=>  —=m(0\  n2  =  7770) j  ...(i) 

b 

For  the  second  oscillator,  it  follows  the  second 
figure,  that  for  x  =  0,  p  =  R  and  amplitude  =  R. 
Hence 

R  =  mR(i)2 

=>  1  =  mRw2  ■■•(ii) 

CQi  2 

From  (1)  and  (2)  it  follows  that  —  =  n  ,  which 

©j 

is  choice  (b). 

The  energy  of  the  oscillator  is 


I  2  2 

iq  =  —  ma  ft), 

1  2  1 

and  E2  =  —mR2(o\ 

Z7  /  \2  /„  \2 

E,  la\  (  CO, 

— -=  —  X  — 

E2  \RI  V  ®2  y 


2  1  ®1 
■  77  X  — X  — 

n  (On 


©2  77“  ) 


©j 

©2 


Ex  En 

or  —  =  — ,  which  is  choice  (d).  So  the  correct 
©!  ffl2 

choices  are  (b)  and  (d). 

12.  Let  the  required  distance  of  the  other  mass  from 
O  be  x.  From  conservation  of  angular  momentum, 
/cd  =  /’©’ 


=>  MR2co- 


MR2  + 


Mx2 


16  R1 


25 


9  R2 

x2^ 

- +  — 

200 

8  J 

9  R2 

2 

+ 

+  X 

25 

— \  v-  — 

4  R 

- 7  A  - 

T’ 

13.  Electric  field  due  to  an  infinitely  long  wire  carrying 
a  uniform  linear  charge  density  A  at  a  distance  r 
from  it  is  given  by 

-  In 

E  = - 

2ne0r 


where  h  is  a  unit  outward  normal  away  from  the 
wire  if  X  is  positive. 


Case  1:  When  q  is  positive 

Charge  +q  is  displaced  from  its  equilibrium 
positive  O  to  a  positive  P  by  a  small  amount  x 
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«  d  and  released.  Electric  field  at  P  due  to  wire 
1  is 

X  . 

Ex  = -  along  +x  direction 

2k£0  (d  +  x) 

Therefore,  force  on  charge  +q  due  to  this  electric 
field  is 

Fx  =  qE{  along  +x  direction 
Similarly,  force  on  charge  +q  due  to  wire  2  is 
F2  =  qE2  along  —x  direction 

X 

where,  E2  = -  along  —x  direction. 

2tt£0  (d  -  x) 


Since  E2  >EX,  F2  will  be  greater  than  Fx  and  net 
restoring  force  on  +q  is 
F  =  -{F2-  Fx) 

qX  (  1  1  ) 

27T£0  \d  —  x  d  +  x  J 


or 


f  2 qX  N 

V  2K£q  , 


X 


Since  x  «  d, 

f  2 qX  ^ 


F  = 


2n£nd~ 


Since  /  (-x),  the  motion  of  charge  +q  will  be 

simple  harmonic. 

Case-2:  When  q  is  negative. 


In  this  case  Ex  = -  will  be  along  the 

2  7T£0  (d  +  x) 

+x  direction  and  force  on  charge  (  q)  is 

F |  =  -qE  |  along  the  -x  direction 

Also  force  F2  =  -  qE2  will  be  along  +x  direction, 

where  E2  = - — - 

2tt£0  (d  -  x) 


Since  F2  >  Fx  the  charge  -q  will  keep  on 
moving  along  +x  direction  (i.e.  in  the  direction 
of  displacement).  Hence  it  cannot  return  to  its 
equilibrium  position  O  and  will,  therefore,  not 
execute  simple  harmonic  motion.  So,  the  correct 
choice  is  (c). 

14. 


For  refraction  at  slap  Aj 

ux  =  -  50  cm,  R  =  -  10  cm,  //  1.5,  v2  =  ? 

1  1.5  _  1-1.5 

v,  -50 _  -10 

13  1 

=>  — i - =  —  =>  v,  =  +50  cm 

vx  100  20  1 

For  refraction  at  slap  S2 

u2  =  -  (d  -  50)  cm, 

R  =  +  10  cm, 
v2  =  X,  ju  =  1.5 

1.5  1  _  1.5  —  1 

~oo~  —(d—  50)  _  10 

1  _  1 

^  (d  -  50)  ~  20 

=>  d  -  50  =  20  =>  d  =  70  cm 
15.  The  magnetic  force  on  a  current  element  j  in  a 
magnetic  field  B  is  given  by 

F  =  /(/  xB)  =  I(PQ  x  B) 

The  magnitude  of  PQ  is  {L  +  R  +  R  +  L)  = 
2(1  +  R)  and  its  direction  is  along  the  +x  axis. 
Hence  PQ  =  2 (L  +  R)i  . 

(a)  If  B  is  along  z-axis,  B-Bk.  In  this  case 
F  =  l[2(L  +  R)i  xBk] 

=  2 1(L  +  R)B(-j)  ('.'  i  X  k  =  —  j) 

Thus  the  direction  of  F  is  along  negative 
y-axis  and  its  magnitude  is  21  ( L  +  R)  B.  So 
choice  (a)  correct. 

(b)  If  B  is  along  x-axis,  B-BF  In  this  case 

F  =  2I(L  +  R)B(ixi)  =  0  (v  ixi  =  0) 

So  choice  (b)  is  also  correct 

(c)  In  this  case  B  =  Bj  and 

F  =  2I(L  +  R)B(ix  j ) 

=  2 1(L  +  R)Bk 

So  choice  (c)  is  also  correct 

(d)  In  this  case  B-Bk  and 

F  =  21  {L  +  R)B(i  x  k) 

=  2I(L  +  R)(-]) 

So  choice  (d)  is  also  correct 


JAI.  1 0  Comprehensive  Physics — JEE  Advanced 


16.  Average  energy  per  mole  of  an  ideal  gas  =  —  RT 

2 

per  degre  of  freedom.  Helium  (being  mono- 
atomic)  has  3  degrees  of  freedom  and  hydrogen 
(being  diatomic)  has  5  degrees  of  freedom.  Hence 
the  total  average  of  one  mole  of  helium  and 
,  3  5 

one  mole  of  hydrogen  =  —RT  +  —RT  =  4 RT. 

2  2 

Therefore  average  energy  per  mole  of  the  mixture 
ART 

=  -  =  2 RT.  So  choice  (a)  is  correct. 


Speed  of  sound  v  =  U—L 
M 


y  of  mixture 


%e  (£7?) He  +  mR2  (Cp) H2 
%e  (Cv)He+«H,(Cv)H, 


ix-i?r  +  ix-i?r 

2 _ 2 

ix-rt+i+-rt 
2  2 


M  of  mixture  = 


Ix2  +  lx4 


=  3 


v  in  mixture  r  of  mixture 


v  in  helium 


M, 


He 


r  of  helium 


3/2  4x1 

x - 


'^mixture 


5/3 


So,  choice  (b)  is  also  current. 

of  mixture 


of  hydrogen 


'2  1 

—  -  —;= ,  which  is 
4  V2 


Finally  — 
choice  (d). 

17-  R  =  PL 


The  resistance  of  aluminium  bar  is 

„  (2.7  xlO“8)x  (0.05)  , 

Rx=- - - t  =  3  x  io-5Q 

(0.007)2  -  (0.002)2 


The  resistance  of  iron  bar  is 

_  (1.0 xl0“7)x  (0.05) 
R2  ~  - 


=  —  x  1 0-3  Q 
4 


(0.002) 

Since  the  bars  are  in  parallel,  the  equivalent 
resistance  of  the  composite  slab  is 


/?,,„  = 


R\R2 


eq  Ri+Ri 


3  x  1 0-5  x  —  x  1 0-3 


3  x  1 0-5  +  —  x  1 0-3 
4 


150  x  10-6  1875 


pQ 


5.12  64 

So,  the  correct  choice  is  (b). 

18.  Einstein’s  photoelectric  equation  is 

hv  =  eVc  +  <|> 

=>  Y  =  eV<>+^ 

e  \AJ  e 

Hence  the  graph  of  V0  against  —  is  a  straight  line 

A 

having  a  negative  slope  and  the  graph  of  V0  agains 

X  is  a  curve  with  V0  tending  to  zero  a  as  A  tends 

to  infinity.  So  the  correct  choices  are  (a)  and  (c). 

Section-Ill 

19.  Answer 

(a)  ->  (r),  (b)  -4  (p,  s),  (c)  ->  (q,  t),  (d)  -> 

(q>  f  t) 

Explanation: 

(a)  Nuclear  fusion  is  the  process  which  is 
responsible  for  energy  production  in  stars. 

(b)  In  a  nuclear  reactor,  thermal  neutrons  are 
made  to  hit  a  U-235  nucleus  which  breaks 
it  up  into  stable  nuclei  with  the  release  of 
energy.  Heavy  water  is  used  as  a  moderator 
in  a  nuclear  reactor. 

(c)  27C0  undergoes  3-decay.  In  negative  3-decay, 
neutrons  are  emitted. 

(d)  3-decay  and  nuclear  fusion  emit  y-rays. 


20.  (a)  Fx  =  - 


dU , 


dx 

2U0 


d_ 

dx 


1 

0^ 

X2 ) 

1 

<N 

L  2 

{  a2  J 

'  J 

(x  -  a)x  (x  +  a ) 


So  the  correct  choice  are  (p,  q,  r,  t) 


(b)  Fx 


dU2 

dx 


d_ 

dx 


Unxz 


U0x2x  U0x 

T  2  “  2~ 

2  a  a 
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Since  Fx  —  x,  the  correct  choices  are  (q)  and 


(s) 

(c)Fx=~ 


=  U0 


dUi  _ 

d 

fe£!ex„f 

T 

dx 

dx 

2  a*  “h 

a2  J. 

exp[-^J 

-  a  x  (x)(x  -  a)(x  +  a) 

a " 


So,  the  correct  choices  are  (p,  q,  r  and  s) 

U0  ( x  1  x3  ' 

2  la  3  a3  J. 

Un 

=  -—^[(x-a)(x  +  a)] 

2a3 

So,  the  correct  choices  are  (p,  r,  and  t) 


(d)  Fx 


dU4 

dx 


d_ 

dx 
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section  i 

(Single  Digit  Integer  Type) 

This  section  contains  EIGHT  questions 

The  answer  to  each  question  is  a  SINGLE  DIGIT  INTEGER  ranging  from  0  to  9,  both  inclusive 


1.  A  large  spherical  mass  M  is  fixed  at  one  position 
and  two  identical  point  masses  m  are  kept  on  a  line 
passing  through  the  centre  of  M  (see  figure).  The 
point  masses  are  connected  by  a  rigid  massless  rod 
of  length  £  and  this  assembly  is  free  to  move  along 
the  line  connecting  them.  All  three  masses  interact 
only  through  their  mutual  gravitational  interaction. 
When  the  point  mass  nearer  to  M  is  at  a  distance 
r  =  3  £  from  M,  the  tension  in  the  rod  is  zero  for 

777  =  k 1  The  value  of  k  is 
1288/ 


2. 


3. 


The  energy  of  a  system  as  a  function  of  time  t  is 
given  as  E(t)  =  A2exp(-at),  where  a  =  0.2  s  The 
measurement  of  A  has  an  error  of  1.25%.  If  the 
error  in  the  measurement  of  time  is  1.50  %,  the 
percentage  error  in  the  value  of  E(t)  at  t  =  5  s  is 
The  densities  of  two  solid  spheres  A  and  B  of  the 
same  radii  R  vary  with  radial  distance  r  as  p A(r)  = 
/  \  /  \5 


and  pB  (r)  =  k 


r 

R 


respectively,  where  k  is 


a  constant.  The  moments  of  inertia  of  the  individual 
spheres  about  axes  passing  through  their  centres  are 
/  n 

I A  and IB,  respectively.  If  -y-  =  —  ,  the  value  of  77  is: 


4.  Four  harmonic  waves  of  equal  frequencies  and 

it  2k 

equal  intensities  70  have  phase  angles  0,  y,— 


and  7i.  When  they  are  superposed,  the  intensity  of 
the  resulting  wave  is  nl0.  The  value  of  n  is: 


5.  For  a  radioactive  material,  its  activity  A  and  rate 

-dN 

of  change  of  its  activity  R  are  defined  as  A  = 


and  R  = 


~dA 

dt 


dt 


,  where  N(t)  is  the  number  of  nuclei 


at  time  t.  Two  radioactive  sources  P  (mean  life  x) 

and  Q  (mean  life  2x)  have  the  same  activity  at  /  = 
0.  Their  rates  of  change  of  activities  at  t  =  2x  are 

R  Yl 

Rp  and  R0,  respectively.  If  — -  =  — ,  then  the  value 
of  7z  is:  Rq  e 


6.  A  monochromatic  beam  of  light  is  incident  at  600 
on  one  face  of  an  equilateral  prism  of  refractive 
index  n  and  emerges  from  the  opposite  face  making 
an  angle  0  (77)  with  the  normal  (see  the  figure).  For  n 

d0 

=  V3  the  value  of  9  is  60°  and  —  =  rn.  The  value 
of  777  is  dn  [2015] 


7.  In  the  following  circuit,  the  current  through 
the  resistor  R  (=  2D.)  is  /  Amperes.  The  value  of 
/  is 

R(= 2Q)  in 
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8.  An  electron  in  an  excited  state  of  Li?+  ion  has  angular 
3  h 

momentum  =  — .  The  de-Broglie  wavelength  of 
2  n 


the  electron  in  this  state  is  A  =  p7ia0 ,  where  a0  is 
the  Bohr  radius.  The  value  of  p  is 


SECTION  II 

(One  or  More  than  One  Options  Correct  Type) 

This  section  contains  10  questions 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONE  OR  MORE  THAN  ONE  of  these  four  options(s)  is  (are) 
correct 


9.  Two  spheres  P  and  0  of  equal  radii  have  densities  p, 
and  p2,  respectively.  The  spheres  are  connected  by 
a  massless  string  and  placed  in  liquids  Ll  and  L2  of 
densities  cjj  and  ct2  and  viscosities  rj ,  and  r)2,  respec¬ 
tively.  They  float  in  equilibrium  with  the  sphere  P  in 
L[  and  sphere  Q  in  L2  and  the  string  being  taut  (see 
figure).  If  sphere  P  alone  in  L2  has  terminal  velocity 


(c)  \P\Q>0  (d)  V  pV  g  <  0 

10.  In  terms  of  potential  difference  V,  electric  current  I, 
permittivity  e0,  permeability  p0  and  speed  of  light 
c,  the  dimensionally  correct  equation(s)  is(are) 

(a)  p/  =  e0V2  (b)  so I  =  p0V 

(c)  /  =  s0cV  (d)  p0c/  =  e0V 

11.  Consider  a  uniform  spherical  charge  distribution  of 
radius  R ,  centred  at  the  origin  O.  In  this  distribution, 
a  spherical  cavity  of  radius  R2,  centred  at  P  with 
distance  OP  =  a  =  Rx  -  R2  (see  figure)  is  made.  If 
the  electric  field  inside  the  cavity  at  position  r  is 
E(r),  then  the  correct  statement(s)  is(are) 

(a)  E  is  uniform,  its  magnitude  is  independent 
of  R2  but  its  direction  depends  on  r 

(b)  E  is  uniform,  its  magnitude  depends  on  R2 
and  its  direction  depends  on  r 

(c)  E  is  uniform,  its  magnitude  is  independent 
of  a  but  its  direction  depends  on  a 

(d)  E  is  uniform  and  both  its  magnitude  and 
direction  depend  on  a 


12.  In  plotting  stress  versus  strain  curves  for  two 
materials  P  and  Q,  a  student  by  mistake  puts  strain 
on  the  y-axis  and  stress  on  the  x-axis  as  shown  in 
the  figure.  Then  the  correct  statement(s)  is(are) 


(a)  P  has  more  tensile  strength  than  0 

(b)  P  is  more  ductile  than  Q 

(c)  P  is  more  brittle  than  0 

(d)  The  Young’s  modulus  of  P  is  more  than  that 
of  Q 

13.  A  spherical  body  of  radius  R  consists  of  a  fluid  of 
constant  density  and  is  in  equilibrium  under  its  own 
gravity.  If  P(r)  is  the  pressure  at  r(r  <  R),  then  the 
correct  option(s)  is(are) 


(a)  P(r  =  0)  =  0 


(b) 


63 

80 


(c) 


16 

21 


(d) 


20 

27 
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14.  Aparallel  plate  capacitor  having  plates  of  area  S  and 
plate  separation  d,  has  capacitance  C)  in  air.  When 
two  dielectrics  of  different  relative  permittivities 
(sj  =  2  and  e2  =  4)  are  introduced  between  the 
two  plates  as  shown  in  the  figure,  the  capacitance 


(b)  If  V2=  2V1  and  T2=  37),  then  the  change  in 
internal  energy  is  3P lV1 

(c)  If  V2  =  3  V]  and  T2  =  4 7),  then  the  work  done 

7 

by  the  gas  is  —  I) 


C2 

becomes  C2.  The  ratio  —  is 

Q 


15.  An  ideal  monoatomic  gas  is  confined  in  a  horizon¬ 
tal  cylinder  by  a  spring  loaded  piston  (as  shown  in 
the  figure).  Initially  the  gas  is  at  temperature 
7),  pressure  /)  and  volume  Vx  and  the  spring  is 
in  its  relaxed  state.  The  gas  is  then  heated  very 
slowly  to  temperature  T2,  pressure  P2  and  volume 
V2.  During  this  process  the  piston  moves  out  by 
a  distance  x.  Ignoring  the  friction  between  the 
piston  and  the  cylinder,  the  correct  statement(s) 
is(are) 

(a)  If  V2=  2  I)  and  T2=  37),  then  the  energy 


(d)  If  V2  =  3 1)  and  7)  =  47),  then  the  heat  sup- 
-  1? 

plied  to  the  gas  is  — 7j  1) 

6 


16.  A  fission  reaction  is  given  by  292  U  — »  '^Xe  +  2gSr 
+  x+y,  where  x  and  y  are  two  particles.  Considering 
29326U  to  be  at  rest,  the  kinetic  energies  of  the 

products  are  denoted  by  KXo,  KSp  Kx( 2MeV)  and 
/<)(2McV),  respectively.  Let  the  binding  energies 
per  nucleon  of  2926U,  ’^Xe  and  be  7.5  MeV, 

8.5  MeV  and  8.5  MeV  respectively.  Considering 
different  conservation  laws,  the  correct  option(s) 
is(are) 

(a)  x  =  n,  y  =  n,  KSr=  129MeV,  KXe  =  86  MeV 

(b)  x  =  p,  y  =  e,  KSr=  129  MeV,  XXe=  86  MeV 

(c)  x  =  p,  y  =  n,  KSl=  129  MeV,  KXe  =  86  MeV 

(d)  x  =  n,  y  =  n,  KSl  =  86  MeV,  KXe  =  129  MeV 


SECTION  III 

This  section  contains  TWO  Paragraphs 

Based  on  each  paragraph,  there  will  be  TWO  questions 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONE  OR  MORE  THAN  ONE  of  these  four  option(s)  is(are) 


correct 

Questions  17  and  18  are  based  on  the  following 
paragraph. 

In  a  thin  rectangular  metallic  strip  a  constant  current 
7  flows  along  the  positive  x-direction,  as  shown  in  the 
figure.  The  length,  width  and  thickness  of  the  strip  are 
7,  w  and  cl,  respectively. 


A  uniform  magnetic  field  B  is  applied  on  the  strip  along 
the  positive  y-direction.  Due  to  this,  the  charge  carriers 
experience  a  net  deflection  along  the  z-direction.  This 
results  in  accumulation  of  charge  carriers  on  the  surface 
PQRS  and  appearance  of  equal  and  opposite  charges  on 
the  face  opposite  to  PQRS.  A  potential  difference  along 
the  z-direction  is  thus  developed.  Charge  accumulation 
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continues  until  the  magnetic  force  is  balanced  by  the 
electric  force.  The  current  is  assumed  to  be  uniformly 
distributed  on  the  cross  section  of  the  strip  and  carried 
by  electrons. 


n,  >  n7 


Air 

,  Claddinq  n2 

/  S 

19.  For  two  structures  namely  Sj  with  nx 


V45 

~T~ 


and 


n 


2> 


and  S2  with  nx  =  —  and  n2 


7 

5 


and  taking  the 


17.  Consider  two  different  metallic  strips  (1  and  2) 
of  the  same  material.  Their  lengths  are  the  same, 
widths  are  w,  and  w2  and  thicknesses  are  dx  and  d2, 
respectively.  Two  points  K  and  Mare  symmetrically 
located  on  the  opposite  faces  parallel  to  thex-y  plane 
(see  figure).  Vx  and  V2  are  the  potential  differences 
between  K  and  M  in  strips  1  and  2,  respectively. 
Then,  for  a  given  current  /  flowing  through  them 
in  a  given  magnetic  field  strength  B,  the  correct 
statement(s)  is(are) 

(a)  If  w,  =  w2  and  dx  =  ld2,  then  V2  =  2VX 

(b)  If  w,  =  w2  and  dx  =  2 d2,  then  V2  =  Vx 

(c)  If  w;,  =  2tv2  and  dx  =  d2,  then  V2  =  2VX 

(d)  If  tv,  =  2w2  and  dx  =  d2,  then  V2  =  Vx 

18.  Consider  two  different  metallic  strips  (1  and  2)  of 
same  dimensions  (lengths  t ,  width  w  and  thickness 
d)  with  carrier  densities  nx  and  n2,  respectively. 
Strip  1  is  placed  in  magnetic  field  Bx  and  strip  2 
is  placed  in  magnetic  field  B2,  both  along  positive 
y-directions.  Then  Vx  and  V2  are  the  potential 
differences  developed  between  K  and  M  in  strips 
1  and  2,  respectively.  Assuming  that  the  current  / 
is  the  same  for  both  the  strips,  the  correct  option(s) 
is(are) 

(a)  Iff?,  =  B2  and  nx  =  2 n2,  then  V2  =  2VX 

(b)  If  Bx  =  B2  and  nx  =  2 n2,  then  V2  =  Vx 

(c)  If  Bx  =  2B2  and  nx  =  n2,  then  V2  =  0.5  L, 

(d)  If  Bx  =  2 B2  and  nx  =  n2,  then  V2  =  Vx 

Questions  19  and  20  are  based  on  the  following 
paragraph. 

Light  guidance  in  an  optical  fiber  can  be  understood  by 
considering  a  structure  comprising  of  thin  solid  glass 
cylinder  of  refractive  index  nx  surrounded  by  a  medium 
of  lower  refractive  index  n2.  The  light  guidance  in  the 
structure  takes  place  due  to  successive  total  internal 
reflections  at  the  interface  of  the  media  nx  and  n2  as 
shown  in  the  figure.  All  rays  with  the  angle  of  incidence  i 
less  than  a  particular  value  im  are  confined  in  the  medium 
of  refractive  index  nx.  The  numerical  aperture  (NA)  of 
the  structure  is  defined  as  sin  im. 


refractive  index  of  water  to  be  —  and  that  of  air  to 

3 

be  1 ,  the  correct  option(s)  is(are) 

(a)  NA  of  .S' |  immersed  in  water  is  the  same  as 
that  of  S~,  immersed  in  a  liquid  of  refractive 
16 

index  — 7= 

3V15 


(b)  NA  of  S,  immersed  in  liquid  of  refractive 

16 

index  —j=  is  the  same  as  that  of  So  immersed 
V15 

in  water 

(c)  NA  of  Sx  placed  in  air  is  the  same  as  that  of 

4 

So  immersed  in  liquid  of  refractive  index 


Vf5 


(d)  NA  of  Sx  placed  in  air  is  the  same  as  that  of 
So  placed  in  water 

20.  If  two  structures  of  same  cross-sectional  area, 
but  different  numerical  apertures  NAX  and  NA2 
{NA2  <—  NA , )  are  joined  longitudinally,  the 
numerical  aperture  of  the  combined  structure  is 


(a) 


NAX  +  NA2 
NAX  +  NA2 


(c)  NAX 


(b)  NAX  +  NAo 
(d)  NA, 


Answers 


Section-I 


1. 

7 

2.  4 

3.  6 

4. 

3 

5.  2 

6.  2 

7. 

1 

8.  2 

Section-II 

9. 

(a),  (d) 

10.  (a),  (c) 

11.  (d) 

12. 

(a),  (b) 

13.  (b),  (c) 

14.  (d) 

15. 

(a),  (b),  (c)  16.  (a) 

Section-Ill 

17. 

(a),  (d) 

18. 

(a),  (c) 

19.  (a),  (c) 

20.  (d) 
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Hints  and  Solutions 
Section-I 


Mass  mi  at  r  =  3/  will  be  attracted  by  mass  ni2  to  the 
right  and  by  mass  Mto  the  left.  The  net  force  acting 
of  m  |  is 

GmxM  Gn\m2 


Fi  = 


(3  iy 


i2 


Mass  m2  at  r  =  4/  will  be  attracted  by  ml  to  the  left  and 
by  M  also  to  the  left.  The  net  force  acting  on  m2  is 


Gm2M  Gmxm2 
F2  =^^T  +  - 


(4  iy  i 

The  tension  in  the  rod  connecting  mx  and  m2  will  be 


zero  ifFj  =  F2  ,  i.e.  if 


GmxM  Gmlm2 


Gm2M  Gmlm2 


(3  iy  i2  (4  iy  e 

It  is  given  that  /n,  =  m2  =  m.  Therefore, 


GmM  Grn 


9/“  / 

M 


GmM  Gnr 
-  +  - 


16/ 


l2 


•  m  = 


1M 

288 


2. 


M 

m  = - h  m 

9  16 

„  M  M  1M 

2m  = - = - 

9  16  144 

Given  m  -  .  Hence  k=l . 

288 

E  =  A2  e  at 

Taking  logarithm  of  both  sides, 

log  E  =  2  log  A -  at 

AE  2AA 

-  =  ± - ±aAt 

E  A 

AE  2AA  At 

=>  -  = - ±  a  —  xt 

E  A  t 

Given  =  1.25%,  a  =  0.2 s~l  and  At  =  1.5% 
A 

Substituting  these  values  in  Eq.  (1),  we  have 

—  =±2  x  1.25% ±0.2  x  1.5%  x  5 
E 

=  ±  2.5%  ±  1.5%  =  ±  4% 

So  the  correct  choice  is  4. 


...(1) 


3.  Divide  the  sphere  into  very  small  spherical  ele¬ 
ments,  each  of  a  very  small  thickness  dr.  Consider 
one  such  element  at  a  distance  r  from  the  centre 
O  of  the  sphere. 


Volume  of  element  =  47ir2  dr 

Mass  of  element  dm  =  p  x  4 nr2 dr 

Moment  of  inertia  of  the  element  about  an  axis 

passing  through  O  is 

dl  =  — dmr 2 
3 


Moment  of  inertia  of  the  sphere  of  radius  R  about 
O  is 


/ 


2  An 
—  x  — 

3  R 


R 

|  pr2dr 
o 


r 


2 


87T 

T 


R 

J  pr4dr 
o 


8  nk  R6 

- x  — 

3  R  6 


Similarly, 

Ib 


8  nk  R10 

— rx - 

3  R5  10 


=  8nk  Rs 

30 


ht 

Ia 


—  =  —  which  gives  n  =  6. 
30  10 


4.  Let  a  be  the  amplitude  and  cn  be  the  angular  fre¬ 
quency  of  each  wave. 

Intensity  cc  (amplitude)2  or  I0  =  ka 2  where  A:  is  a 
constant.  The  four  harmonic  waes  are  given  by 
yx  =  a  sin  (cat  -  kx)  =  a  sin  0, 

where  0  =  (cot  -  kx) 
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y2  =  a  sin  [  cot  -  kx  +  — 


n 


=  a  sin  \9  + 


n 


■  i  ,  2tt 
y 3  =  a  sin  |  cot  —  kx  +  -y 


.  ,  „  2n 

=  a sm  1 6 H - 

3 


and  y4  =  a  sin  (to t  -  kx  +rc)  =  a  sin  (0  +  7t) 
From  superposition  principle,  the  resultant  wave 
is  given  by 

y  =  Ti  +  J2  +  F3  +  F4 

(  n3  f  2  n 

sin  0  +  sin  +  —  J+  sin  \6  +  — 

+  sin(0  +  n) 


sin(0  +  — 1+  sinf0  +  — 
3)  \  3  )\ 


[■:  sin(0  +  7r)  =  -sin0] 


=  2asin|0  +  yjcos^ 


y  =  2a  cos  —  sin  [cot  -  kx  +  — 

K6J  \  2 


or  y  =  A  sin  ( cot  -  kx  +  — 

\  2 

where  A  is  the  amplitude  of  the  resultant  wave. 

„  V3  _  r 

A-  2a  X  —  - 

Intensity  of  the  resultant  wave  is 
/=  kA2  =  3kcr  =  3/0 
Given  /  =  n  I0,  Therefore  n  =  3 
Note  :  The  superposition  principle  holds  only  if 
the  waves  are  collinear.  This  is  not  stated  in  the 
question. 

-t 

5.  AP  =  A^eT  and  Aq  =  A^e2 


-t 

,2t 


RP  = 


dAP 


A) 


■ - e  1 


dt  T 

dAr 


and  R0  =  _ ^_  =  _4fe2r 

dt  2t 


At 


t  =  2x 


RP  =  e 2 


and  R0  =  -—e  1 
Q  2t 


=  2e  1  =  — .  Hence  n  =  2 
Rn  e 


r  +  r’  =  A=>r’  =  A-r=  60°  -  r 
Applying  SnelTs  law  at  Q, 
sin  60°  =  n  sin  r 
Differentiating  (1)  w.r.t.  n  we  have 

dr 

0  =  sin  r  +  n  cos  r  — 
dn 


...(1) 


dr 

dn 


sm  r 


n  cos  r 


...(2) 


Applying  Snell’s  law  at  R,  we  have 
n  sin  f  =  sin  0 

=>  n  sin  (60°  -  r)  =  sin  0  ...(3) 

Differentiating  (3)  w.r.t.  n  we  have 

sin(60°  -  r)  -  n  cos  (60°  +  r)—  =  cos  6  — 

dn  dn 


de 

dn 


cos  0 


dr 

sin  (60°  —  r)  —  n  cos  (60°  +  r)  — 

dn  J 

...(4) 


Using  (2)  in  (4),  we  get 

sin  (60°  —  r)  +  n  cos  (60°  +  r) 

sin  r 


1 


dQ_  =  _ 

dn  cos  0 

cW  =  1 

dn  cos0 


n  cos  r 

sin  (60°  —  r)  +  cos  (60°  +  r) 
sin  r 


cos  r. 


...(5) 

r  .  sin  60°  1 

It  n  =  V3  ecl-  ( 1 )  gives  sm  r  =  — -= —  =  — 

V3  2 

=>  r  =  30° 

Using  r  =  30°  in  (3)  gives  ^3  sin 30°  =  sin  0 
0  =  60° 

Using  r  =  30°  and  0  =  60°  in  (5),  we  get 
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d0_ 

dn 


1 

cos  60° 


sin 30°  +  cos 30°  x 


sin  30°' 
cos30°. 


2  x  — 

2  sin  30°  =  _ 2  =  2 

cos  60° 

2 


So  m  =  2 

7.  The  circuit  can  be  simplified  as  follows: 


Fig-3 


Fig.4 


The  circuit  in  fig.  1  reduces  to  fig.  2  because 
ABCD  is  a  balanced  Wheatstone’s  bridge  and  the 
8Q  resistor  is  redundant.  In  fig.  2,  the  resistance 
between  A  and  C  is  a  parallel  combination  of 
IQ  +  2 Q  =  3f2  and  2£2  +  4Q  =  60  which  is  20 
and  circuit  2  reduces  to  circuit  3. 

In  circuit  3  we  again  have  a  balanced  Wheatstone’s 
Bridge  and  the  10Q  resistor  becomes  redundant. 
So,  circuit  3  reduces  to  circuit  4  which  further 
simplifies  to  fig.  5.  Hence  the  current  through  the 
20  resistor  is 


6.5V 

20  +  4.50 


1A 


8.  Bohr’s  quantization  condition  is 
^  _  nh  _  3h 
2  n  2  n 

=>  n  =  3 

, ,  3/?  3/7 

Also,  mvr  =  —  =>  mv  =  - 

2  n  2nr 

de-Broglie  wavelength  is 

h 

^  _  h  3/7  2 nr 

mv  2nr 


(given) 


3 
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Bohr’s  radius  of  the  electron  in  the  n-orbit  is 


r  = 


«o(3  )2 


(•••  n  =  3) 


For  L ,  Z  =  3, 


2  n  a0  (3) 

X  =  —  x -  =  2nan 

3  3 

comparing  with  X  =  pna0,  we  get  p  =  2 

Section-II 

9.  Let  r  be  the  radius  of  each  sphere  and  v  the  volume. 
Then  for  floatation. 

(W  =  <W  and  p2vg  =  c>2vg 
Adding,  we  have 
(Pl  +  P2)vg=(<H  +  W)g 
=>  Pi  +  P2  =  G1  +  a2 
or  a2-p!  =  p1-a2  =  -(a2-p1) 

Since  the  string  is  taut,  pj  <  ct,  and  p2  >  ct2.  The 
terminal  velocities  are 

v  =  2r2(cT2-Pi)g 
/J  9  rj2 

and  \q  and  '°'1 — Pz)M_ 

y  9 


Dividing,  we  get 


—JL  =  °2-p\y  Jh 
VQ  CT,-p2  m 
Using  (1) 

Yjl  =  _ 

VQ  1J2 

Also  Ypx  Yq  <  0  because  V'/, and  V'()  are  in  opposite 
directions.  So  the  correct  choices  are  (a)  and  (d). 

10.  (i)  Every  stored  in  an  inductor  is 


2  2\  l  ) 


.  T2  _  2  El 


N  A 


■  ■  LV1  = 


[ML2  T“2]  x  [L] 


=  [MLT  2 


Energy  stored  in  a  capacitor  is 

E  =  -CV2 

2  2  v  / 


2  El 
A 


„  t/2  _  [ML2T-2]x[L] 

[L2] 


=  [MLT 


-2i 


So  choice  (a)  is  correct  and  choice  (b)  is  wrong. 

(ii)  g  =  CF  =  ^jxF 

or  £0F  =  — 

0  A 

„  Ql 

or  £ncV  =  — 


[AT]x[Llx[LT~x] 


or  [£0eV]  = 


[L2] 


=  [A\ 


So  EqcV=  I,  which  is  choice  (c)  choice  (d)  is  wrong. 

11.  The  electric  field  inside  the  cavity  at  a  position  r 
is  given  by 

E(r)  =  -^  =  (OP)  =  ^- 
3£0  3e0 

Where  and  p  is  the  volume  charge  density,  Hence 
E(r)  is  uniform  and  its  magnitude  as  well  a’s  its 


The  breaking  stress  of  P  is  higher  than  that  of  Q. 
Hence  P  is  more  ductile  than  Q. 

The  reciprocal  of the  straight  line  portion  of  strain-stress 
graph  =  Young’s  modulus.  The  slope  of  P  is  greater 
than  that  of  Q.  So  the  correct  choice  are  (a)  and  (b). 

13.  Consider  a  point  at  a  distance  r  <  R.  from  the  centre 
of  the  sphere.  If  p  is  the  density  of  fluid  in  the  sphere 
the  mass  of  the  sphere  of  radius  r  is 

, ,  4tt  3 
M  =  — r  p 
3 


Gravitational  intensity  at  a  distance  r  is 
GM 


1  = 


„  47T  3 

GX - rP  A 

3  K  4  nGpr 
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Consider  a  small  spherical  element  of  thickness  dr 
and  area  of  A  at  distance  r.  The  mass  of  this  element 
is 

m  =  p  x  V=  pdAdr 

The  pressure  on  the  concave  side  of  the  fluid  is  greater 
than  that  on  the  convex  side.  If  dP  is  the  excess  press 
the  force  on  the  element  of  area  of  dA  is 

dF  =  dP  x  dA  ,..(i) 

Since  gravitational  field  intensity  is  force  per  unit 
mass  dF  is  also  given  by 


dF  =  Im  =  x  pdAdr 


...(2) 


Equating  (1)  and  (2)  we  get 

,  4nGp2rdr 
dp  =  - - - 


Integrating, 


p _  4 nGp 


2  R 


-  j"  rdr 


2x3 

=>  P  =  k  (r2  -  r2) 

,  2 nGp2  . 

k  =  - is  a  constant 


■••(3) 


Choice  (a) :  If  r  =  0,  Eq.  (3)  gives  P  =  kR~.  So  choice 
(a)  is  wrong. 

Choice  (b) :  Forr=  —  ,P^=ki  R2  -  j  =  "M_ 

4  1  V  16  J  16 

2 R  n  ,  (  n2  4R2)  5kR2 

For r  =  — ,  P-,=  k\R2 - = - 

3  V  9  )  9 


PL_1_  9  _  63 
"  P2  ~  16  5  _  80 

So  choice  (b)  is  correct. 

Choice  (c)  :  For  r  =  , 


9R2) 

p3  =  k\ 

R2 

3  l 

2  R 

25  J 

For  r  = 

5 

>  P4  = 

.  P3_ 

16 

25 

25 


21  kRl 
25 


"  P4  25  21  21 

So  choice  (c)  is  correct. 


Choice  (d) :  Similarly  we  can  show  that 

n  R 
P  at  r  =  —  0 , 

_ 2_  _ 

p  .  R  32 
P  at  r  =  — 

3 

So  choice  (d)  is  incorrect. 

Hence  the  correct  choices  are  (b)  and  (c) 

14.  C,  -  ** 

’  d 


- Ih- 

- M - 

+ 

C" 

_ 1 1 _ 

5 

c  =^L 
1  d 

The  capacitance  of  S  the  capacitor  C  is 
5 


eieo 


C  = 


c  = 


2  _  /eo 


l£aS 


C"  = 


d 

d 

2 

S 

e2e0  2 

_  4e05 

d 

d 

2 

S 

£'£°  2 

„  S 
2e0- 
0  2 

=  2C, 


=  4C, 


=  Q 


d  d 

C  is  in  series  with  C'  and  this  series  combination  is 
in  parallel  with  C".  Therefore, 

CC' 

C,  =  +  C " 


C  +  C' 

2C,  x  4CX 
2Q+4Q 


+  Q 


c. 


.'.  —  =  —  .  So  the  correct  choice  is  (d) 
C\  3 
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P\v\  P AS 

15.  Case  (a)  :  —  =  — 

12 


=  P\A 


2v.  1  P,A  2v, 

H - L  +  — x-5— x — L 

A  2  3  A 


If  v2  =  2v,  and  I2  =  3TV  then 

p\v\  _P2X  2vi  _  3/1 

7i  “  T2 

If  /I  is  the  cross-sectional  area  of  the  piston  and  k 
is  the  spring  constant,  then  the  pressure  of  the  gas 

increases  by  —  .  Hence 


„  ^  kx 

P —  /j  H - 


or 


3/1 


„  At 
=  /?+  — 


/  piA 
2 

Now  increase  in  volume  of  gas  =  xA.  Therefore, 
v2  -  V;  =xA 

o  vi 

2V|  —  v2  =  xA  or  Vj  =  xA  or  x  =  — 

A 

1  2 

Energy  stored  in  spring  =  —kx 
1  , 

=  —kx  x  x 
2 

=  1  x  P>A  x  vi  _  pivi 
2  2  A  A 

So  choice  (a)  is  correct. 

Case  (b)  :  Change  in  internal  energy  is 
A  U  =  nCvAT 

on 

=  „x  —  x(371-7i) 

3  R  ^ 

=  n  x  —  x  271 


=  nx-x^  =  3P1Vi, 

2  «/?  1  1 

which  is  choice  ( b ) 

4/3  />^4 

Case  (c)  :  In  this  case,  P2  =  — kx  =  — —  and 

3  3 


2v, 


x  - 


Work  done  by  the  gas  is 

W  =  PAx  +  —kxXx 


.  2/j,,  +^L  -  25a 

3  3 

so  choice  (c)  is  also  correct. 


Case  (d) :  In  this  case,  A U=  ~P\V\  an(i 

AQ=W+AU=  1-P^P  +  -P]v]  =11^ 
3  2  6 


16.  If  x  =  y  =  n,  the  fission  section  is  given  by 

236  y  t  ,  v  i  94  i  1  „  i  1 

92  U  >54  Xe  +38  Sr  +  0n  +  0?7 

In  this  case,  the  atomic  number  and  mass  number 
are  conserved.  Hence  laws  of  charge  and  mass 
conservations  are  obeyed.  Further,  the  energy  released 
in  this  nuclear  reaction  is 

Q  =  (140  x  8.5  MeV  +  94  x  8.5 MeV)-236  x  75MeV 
=  (1190  +  799)  MeV-  1770  MeV 
=  219  MeV 

In  choice  (a)  the  total  kinetic  energy  of  the  products  is 
Ql  =  Kxe  +  Ksr  +  Kx  +  Ky 

=  129MeV  +  86MeV  +  2MeV  +  2MeV 
=  219  MeV 

Since  Q  =  0\  the  energy  conservation  law  is  also 
obeyed.  In  choice  (d),  the  above  three  conservation 
laws  (namely,  mass  charge  and  energy  conservation) 
are  also  obeyed.  In  choice  (d),  the  momentum 
conservation  law  is  not  obeyed  because  Kxe  >  Ksr  + 
Kx  +  Kv  and  P  =  ^2mK  .  Choices  (b)  and  (c)  do  not 
obey  any  conservation  law.  Hence  the  only  correct 
choice  is  (a). 

Section-Ill 


17.  Let  q  be  the  charge  accumulated  when  magnetic  force 
becomes  equal  to  electric  force,  i.e.  Fm  =  Fe  or  qvB 
=  qE 

Where  v  is  teh  drift  speed  of  electrons  and  E  is  the 
electric  field  between  points  K  and  M.  Now 


KM  w 


where  V is  the  potential  difference  between  K  and  M 
and  w  is  the  distance  between  them.  Therefore 


w 


w 


V 

=>  vw  =  — 
B 


,..(i) 
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The  current  /  is  given  by 
/  =  ne/i  v 

Where  A  =  wd  is  the  cross-sectional  area. 
So,  /  =  ne  ( wd)v 

/ 

=>  vw  = - 

ned 

For  (1)  and  (2)  we  get 


ned 


...(2) 

...(3) 


So  V  is  independent  of  w. 

Choice  (a) :  When  d=  dx,  Eq.  (3)  gives 


Vx~ 


B 

nedx 


and  when  d  =  d2, 


V2~ 


B 

ned2 


=>  V2  =  2VX,  So  choice  (a)  is  correct  and  choice  (b) 
is  wrong. 

Choice  (c)  :  when  dx  =  d2,  it  follows  that  Vx  =  V2. 
So  choice  (d)  is  correct  and  choice  (c)  is  wrong.  So 
the  correct  choices  (a)  and  (d)  are  correct. 

18.  V  =  — 

ned 


Choice  (a) :  V\  - - ~ 

nxed 


B, 


v2  = 

n2ed 

Vi 

V2 

B2  n\ 

=h. 

n2 

Bn  In-, 


2 


the  ray  BC  suffer  total  interval  reflection  at  C.  Let  im 
be  the  corresponding  maximum  angle  of  incidence 
in  n.  Applying  Snell’s  law  at  B,  we  have 
n  =  sin  im  =  nx  sin  rm 

_  f,  2  r 

-  nA\  —  co  s  — 

V  m 


=  ih 


f  „2V« 
1  __2. 

2 


V 


n 


i  J 


(2  2  V/2 

=  l«i  =n2) 

Now  NA  =  sin  im  =  —  (nx  =  n2) 


Choice  (a):  When  Sx  is  immersed  in  water  = 


1  f  45 


NA  =  -  — 
4  V16 

3 


9_ 

16 


For  S2  immersed  in  a  liquid  of  refractive  index 


n  = 


16 

3Vf5  ’ 


NA  = 


16  LUJ 


9_ 

16 


So  choice  (a)  is  correct 

Choice  (b):  For  S',  immersed  in  a  liquid  ofrefractive 
index  n  = 


16 

Vi? 


NA 


VIA  f 45  9N 
16  Vl6  4) 


3Vl5 

64 


For  S2  immersed  in  water  (n  =  — ), 


=>  V2  =  2VX ,  which  is  choice  (a). 

It  is  easy  to  check  that  choice  (c)  is  correct.  So  the 
correct  choices  are  (a)  and  (c) 


lC 

n2 

A 

A?i 

A 

=  /(90°-/c) 

The  critical  angle  ic  at  the  core-cladding  interface  is 
given  by 

.  .  ”2 

sin  L,  =  — 

”1 

F  or  total  internal  reflection  at  C,  the  angle  of  incidence 
or  ray  BC  must  exceed  ic.  The  ray  AB  in  medium  n  is 
refracted  along  BC  in  n  x .  The  angle  of  refraction  at  B 
must  have  a  maximum  value  rm  =  (90°  -  ic )  so  that 


=  f  =  — 

4^25  25 )  20 


So  choice  (b)  is  wront 
Choice  (c):  For  Sx  in  air  (n  =  1), 

1 


3 

4 


For  S2  immersed  in  a  liquid  of  refractive  index 


4 


NA 


—  f64_f9^_3 
4  {25  25 J  ~4 
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So  choice  (c)  is  wront 
Choice  (d):  For  Sj  in  air  («  =  1), 

3 

NA  =  — 

4 

(  4 

For  *S3  in  water  \  n  =  — 

V  3 


NA 


3v/F5 

20 


So  choicd  (d)  is  wrong 

Fience  the  correct  choices  are  (a)  and  (c). 

20.  The  following  figure  shows  structures  Sj  and  S2 
joined  longitudinally 

Structure  A,  Structure  S2 


-J45  8 


For  iSj,  the  incident  ray  is  in  air,  Therefore 


NAX 


lf45_9^ 

lll6  4 J 


3 

-  =  0.75 

4 


For,  S2  the  incident  ray  in  nx  = 


V45 

~9~ 


.  Hence 


na2-  *0M 

V45V25  25  J  5  V3 

It  can  be  proved  that  the  numerical  aperature  of 
combined  structure  is  equal  to  the  numerical  aperture 
of  the  structure  whose  NA  is  smaller,  which  is  NA2 
Hence  the  correct  choice  is  (d) 
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SECTION  I 

(Single  Correct  Answer  Type) 


This  section  contains  FIVE  questions. 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONLY  ONE  of  these  four  options  is  correct. 


1.  A  parallel  beam  of  light  is  incident  from  air  at  an  angle  a  on  the  side  PQ  of  a  right  angled  triangular  prism  of 


refractive  index  n  =  ~J2  .  Light  undergoes  total  internal  reflection  in  the  prism  at  the  face  PR  when  a  has  a 
minimum  value  of  45°.  the  angle  <9  of  the  prism  is 


(a)  15° 


(d)  45° 


2.  In  a  historical  experiment  to  detennine  Planck’s  constant,  a  metal  surface  was  irradiated  with  light  of 
different  wavelengths.  The  emitted  photoelectron  energies  were  measured  by  applying  a  stopping  potential. 
The  relevant  data  for  the  wavelength  (A)  of  incident  light  and  the  corresponding  stopping  potential  (V0)  are 
given  below: 


A(jjm) 

Lo(Volt) 

0.3 

2.0 

0.4 

1.0 

0.5 

0.4 

Given  that  c  =  3  x  108  ms  1  and  e  =  1.6  x  10  19C,  Planck’s  constant  (in  units  of  J  s)  found  from  such  an 
experiment  is 

(a)  6.0  x  10-34  (b)  6.4  x  10~34  (c)  6.6  x  10~34  (d)  6.8  x  10~34 


3.  A  water  cooler  of  storage  capacity  120  litres  can  cool  water  at  a  constant  rate  of  P  watts.  In  a  closed 
circulation  system  (as  shown  schematically  in  the  figure),  the  water  from  the  cooler  is  used  to  cool  an 
external  device  that  generates  constantly  3  kW  of  heat  (thermal  load).  The  temperature  of  water  fed  into  the 
device  cannot  exceed  30°C  and  the  entire  stored  120  litres  of  water  is  initially  cooled  to  10°C. 

The  entire  system  is  thermally  insulated.  The  minimum  value  of  P  (in  watts)  for  which  the  device  can 
be  operated  for  3  hours  is:  (Specific  heat  of  water  is  4.2  kJ  kg~*  K-1  and  the  density  of  water  is 
1000  kg  nh3) 
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(a)  1600 


(b)  2067 


(d)  3933 


4.  An  infinite  line  charge  of  uniform  electric  charge  density  X  lies  along  the  axis  of  an  electrically 
conducting  infinite  cylindrical  shell  of  radius  R.  At  time  t  =  0,  the  space  inside  the  cylinder  is  filled  with 
a  material  of  permittivity  e  and  electrical  conductivity  a.  The  electrical  conduction  in  the  material 
follows  Ohm’s  law.  Which  one  of  the  following  graphs  best  describes  the  subsequent  variation  of  the 
magnitude  of  current  density  j(t)  at  any  point  in  the  material? 


j(t) 


j(t) 


j(t) 


5.  A  unifonn  wooden  stick  of  mass  1 .6  kg  and  length  l  rests  in  an  inclined  manner  on  a  smooth,  vertical  wall 

of  height  h(<  £ )  such  that  a  small  portion  of  the  stick  extends  beyond  the  wall.  The  reaction  force  of  the  wall 
on  the  stick  is  perpendicular  to  the  stick.  The  stick  makes  an  angle  of  30°  with  wall  and  the  bottom  of  the 
stick  is  on  a  rough  floor.  The  reaction  of  the  wall  on  the  stick  is  equal  in  magnitude  to  the  reaction  of  the  floor 
on  the  stick.  The  ratio  /?/ £  and  the  frictional  force  / at  the  bottom  of  the  stick  are  (g  =  10  ms~2) 


(a) 

(c) 


h=Jl  16^3  N 
<  16J  3 


h  373  8y/3 

l  ~  16  J  ~  3 


(b) 

(d) 


1^N 

l  16  3 

h  3y/3  16 >/3 

t  ~  16  '  ~  3 


SECTION  II 

(One  or  More  than  One  Options  Correct  Type) 


This  section  contains  EIGHT  questions. 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONE  OR  MORE  THAN  ONE  of  these  four  option(s)  is 
(are)  correct. 

6.  The  position  vector  r  of  a  particle  of  mass  m  is  given  by  the  following  equation:  r(t)  =  at’i  +  fit2  j  where 

a  =  1 0  /  3  ms~3,  (3  =  5  ms~2  and  m  =  0.1  kg.  At  t  =  1  s,  which  of  the  following  statement(s)  is(are)  true  about 
the  particle? 

(a)  The  velocity  v  is  given  by  u  =(10i  +10?)  ms-1 

(b)  The  angular  momentum  L  with  respect  to  the  origin  is  given  by  L  =  -(5  /  3)k  Nms 

(c)  The  force  F  is  given  by  F  =  (i  +2 j )  N 

(d)  The  torque  f  with  respect  to  the  origin  is  given  by  r  =  -(20  /  3 )k  Nm 
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7.  A  transparent  slab  of  thickness  d  has  a  refractive  index 
n(z)  that  increases  with  z.  Here  z  is  the  vertical  distance 
inside  the  slab,  measured  from  the  top.  The  slab  is  placed 
between  two  media  with  uniform  refractive  indices  nx  and 
n2  (  >  n  |),  as  shown  in  the  figure.  A  ray  of  light  is  incident 
with  angle  0,  from  medium  1  and  emerges  in  medium  2 
with  refraction  angle  Of  with  a  lateral  displacement  /. 

Which  of  the  following  statement(s)  is(are)  true  ? 

(a)  l  is  dependent  on  n2  (b) 

(c)  l  is  independent  of  n(z)  (d) 

8.  A  plano-convex  lens  is  made  of  a  material  of  refractive  index  n.  When  a  small  object  is  placed  30  cm  away 
in  front  of  the  curved  surface  of  the  lens,  an  image  of  double  the  size  of  the  object  is  produced.  Due  to 
reflection  from  the  convex  surface  of  the  lens,  another  faint  image  is  observed  at  a  distance  of  10  cm  away 
from  the  lens.  Which  of  the  following  statement(s)  is(are)  true? 

(a)  The  refractive  index  of  the  lens  is  2.5 

(b)  The  radius  of  curvature  of  the  convex  surface  is  45  cm 

(c)  The  faint  image  is  erect  and  real 

(d)  The  focal  length  of  the  lens  is  20  cm 

9.  Highly  excited  states  for  hydrogen-like  atoms  (also  called  Rybderg  states)  with  nuclear  charge  Ze  are  defined 
by  their  principal  quantum  number  n,  where  n  »  1.  Which  of  the  following  statement(s)  is(are)  true? 

(a)  Relative  change  in  the  radii  of  two  consecutive  orbitals  does  not  depend  on  Z 

(b)  Relative  change  in  the  radii  of  two  consecutive  orbitals  varies  as  l/n 

(c)  Relative  change  in  the  energy  of  two  consecutive  orbitals  varies  as  l/n3 

(d)  Relative  change  in  the  angular  momenta  of  two  consecutive  orbitals  varies  as  l/n 


10.  A  length-scale  ( /)  depends  on  the  pennittivity  (s)  of  a  dielectric  material,  Boltzmann  constant  (kB),  the 
absolute  temperature  ( T ),  the  number  per  unit  volume  (n)  of  certain  charged  particles,  and  the  charge  (q) 
carried  by  each  of  the  particles.  Which  of  the  following  expression(s)  for  l  is  (are)  dimensionally  correct? 


(a)  i  =  , 


nq 2  ^ 
skBT  j 


(b)  t  =  t 


r  skBT  ' 

2  i 

nq  J 


(c)  t  =  . 


2/3  /  rp 
y£n  kBl  j 


(d)  i=, 


1/3  /  rp 

y  sn  kBl  j 


11.  Two  loudspeakers  M  and  N  are  located  20  m  apart  and  emit  sound  at  frequencies  118  Hz  and  121  Hz, 
respectively.  A  car  is  initially  at  a  point  P,  1 800  m  away  from  the  midpoint  Q  of  the  line  MN  and  moves  towards 
Q  constantly  at  60  km/hr  along  the  perpendicular  bisector  of  MN.  It  crosses  Q  and  eventually  reaches  a  point  R, 
1 800  m  away  from  O.  Let  v{t )  represent  the  beat  frequency  measured  by  a  person  sitting  in  the  car  at  time  t.  Let 
vP,  Vq  and  vR  be  the  beat  frequencies  measured  at  locations  P,  Q  and  R,  respectively.  The  speed  of  sound  in  air 
is  330  ms-1.  Which  of  the  following  statement(s)  is(are)  true  regarding  the  sound  heard  by  the  person? 

(a)  The  plot  below  represents  schematically  the  variation  of  beat  frequency  with  time 


v(t) 
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(b)  vp+vr  =  2vq 

(c)  The  plot  below  represents  schematically  the  variation  of  beat  frequency  with  time 


v(t) 


(d)  The  rate  of  change  in  beat  frequency  is  maximum  when  the  car  passes  through  Q 


12.  A  conducting  loop  in  the  shape  of  a  right  angled  isosceles  . — 

triangle  of  height  10  cm  is  kept  such  that  the  90°  vertex  is 
very  close  to  an  infinitely  long  conducting  wire  (see  the  10  cm 
figure).  The  wire  is  electrically  insulated  from  the  loop. 

The  hypotenuse  of  the  triangle  is  parallel  to  the  wire. 

The  current  in  the  triangular  loop  is  in  counterclockwise  direction  and  increases  at  a  constant  rate  of 
10  As-1.  Which  of  the  following  statement(s)  is(are)  true? 

(a)  The  induced  current  in  the  wire  is  in  opposite  direction  to  the  current  along  the  hypotenuse 


(b) 


The  magnitude  of  induced  emf  in  the  wire  is 


volt 


(c)  There  is  a  repulsive  force  between  the  wire  and  the  loop 


(d)  If  the  loop  is  rotated  at  a  constant  angular  speed  about  the  wire,  an  additional  emf  of 
induced  in  the  wire 


'  lh 

l  n 


volt  is 


13.  An  incandescent  bulb  has  a  thin  filament  of  tungsten  that  is  heated  to  high  temperature  by  passing  an  electric 
current.  The  hot  filament  emits  black-body  radiation.  The  filament  is  observed  to  break  up  at  random 
locations  after  a  sufficiently  long  time  of  operation  due  to  non-uniform  evaporation  of  tungsten  from  the 
filament.  If  the  bulb  is  powered  at  constant  voltage,  which  of  the  following  statement(s)  is(are)  true? 

(a)  The  temperature  distribution  over  the  filament  is  uniform 

(b)  The  resistance  over  small  sections  of  the  filament  decreases  with  time 

(c)  The  filament  emits  more  light  at  higher  band  of  frequencies  before  it  breaks  up 

(d)  The  filament  consumes  less  electrical  power  towards  the  end  of  the  life  of  the  bulb 


SECTION  II 

(Single  Digit  Integer  Type) 


This  section  contains  FIVE  questions. 

This  answer  to  each  question  is  a  SINGLE  DIGIT  INTEGER  ranging  from  0  to  9,  both  inclusive 


14.  Two  inductors  Ll  (inductance  1  mH,  internal  resistance  3Q)  and  L2  (inductance  2  mH,  internal  resistance  4Q), 
and  a  resistor??  (resistance  12Q)  are  all  connected  in  parallel  across  a  5V  battery.  The  circuit  is  switched  on  at 
time  t  =  0.  the  ratio  of  the  maximum  to  the  minimum  current  (7max  /  7min)  drawn  from  the  battery  is _ . 
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15.  A  metal  is  heated  in  a  furnace  where  a  sensor  is  kept  above  the  metal  surface  to  read  the  power  radiated  (P) 
by  the  metal.  The  sensor  has  a  scale  that  displays  log2  (P/P0),  where  P0  is  a  constant.  When  the  metal  surface 
is  at  a  temperature  of  487°C,  the  sensor  shows  a  value  1.  Assume  that  the  emissivity  of  the  metallic  surface 
remains  constant.  What  is  the  value  displayed  by  the  sensor  when  the  temperature  of  the  metal  surface  is 
raised  to  2767°C? 

16.  A  hydrogen  atom  in  its  ground  state  is  irradiated  by  light  of  wavelength  970A.  Taking  he  =  1.237  x  1 0  6  eV  m 

and  the  ground  state  energy  of  hydrogen  atom  as  -13.6  eV,  The  number  of  lines  present  in  the  emission 
spectrum  is _ . 

17.  Consider  two  solid  spheres  P  and  Q  each  of  density  8  gm  cnT3  and  diameter  1  cm  and  0.5  cm,  respectively. 

Sphere  P  is  dropped  into  a  liquid  of  density  0.8  gm  cnT3  and  viscosity  rj  =  3  poiseulles.  Sphere  Q  is  dropped 
into  a  liquid  of  density  1 .6  gm  cm  3  and  viscosity  rj  =  2  poiseulles.  The  ratio  of  the  terminal  velocities  of  P 
and  Q  is _ . 

18.  The  isotope  ‘2B  having  a  mass  12.014  u  undergoes  /3-  decay  to  ^2C.  jfC  has  an  excited  state  of  the  nucleus 

(’62C  j  at  4.041  MeV  above  its  ground  state.  If  ^B  decays  to  ^2C* ,  the  maximum  kinetic  energy  of  the 
/^-particle  in  units  of  MeV  is _ .  (lu  =  931.5  MeV/c2,  where  c  is  the  speed  of  light  in  vacuum). 

ANSWERS 


1. 

(a) 

2.  (b) 

3.  (b) 

4.  (a) 

5. 

(d) 

6. 

(a),  (b),  (d) 

7.  (a),  (b),  (c) 

8.  (a),  (d) 

9.  (a),  (b),  (d) 

10. 

(b),  (d) 

11. 

(a),  (b),  (d) 

12-  (b),  (c) 

13.  (c),  (d) 

14.  8 

15. 

9 

16. 

6 

17.  3 

18.  9 

Solutions 


1.  The  adjoining  figure  shows  the  ray  diagram.  Applying  Snell’s  law  at  B, 
1.0  sin  45°  =  V2sin  ft 

1 

=>  sm  p  =  — 

=>  p  =  30° 

For  total  internal  reflection  at  C,  the  critical  angle  (ic)  is  given  by 

sin  ic  =  ^  *c  =  45 

In  triangle  PBC, 

0  +  90° +  p  +  r  =  180° 

=>  6+  90°  +  P+  (90°  -  45°)  =  180° 

=>  0+p=  45° 

=>  0+  30°  =  45° 

=>  9  =  15°,  which  is  option  (a). 
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2. 


h  v  = 

eV0 

+  w„ 

he 

T 

eV0 

+  w0 

he 

wo 

v0  = 

eA 

e 

...(1) 


1  _  he 

So  the  graph  V0vs~  is  a  straight  line  of  slope  m  -  — .  Using  the  first  two  sets  of  observations  given  in  the 
A  e 

question,  we  have 


(^o)i  ~  (^0)2  m 


(2.0-  1.0)  volt  =  m 


1  1 


1 


1 


0.3  x  10  0.4x10^ 

-6  ’ 


m 


m  =  1.2  x  IQ-0  Vm 


he 

But  m  =  —  .  Hence 

e 


me  (1.2x10  )x (1.6x10  )  ,, 

h  =  —  =  - - - -  =  6.4  x  IO-34  VCs 

c  3  x  108 

=>  h  =6.4  x  10~34  Js 

So  the  correct  option  is  (b). 

3.  Volume  of  water  in  the  cooler  is  V=  120  litre  =  120  x  10  3  m3.  Density  of  water  is  p=  103  kg  m  ’.  Therefore, 
the  mass  of  water  is 

m  =  pV=  (120  x  10-3)  x  103  =  120  kg 

The  temperature  of  water  decreases  from  30°C  to  10°C  in  time  t  =  3  hours  =  (3  x  60  x  60)s 
Out  of  3000  W,  water  loses  heat  energy  =  3000  -  Pint  seconds.  Hence 
(3000  -  P)t  =  120  x  4200  x  (30-  10) 

=>  (3000  -  P)  x  (3  x  60  x  60)  =  120  x  4200  x  20 

=>  P  =  2067  W 

So  the  correct  choice  is  (b). 

4.  Let  L  be  the  length  of  the  wire  and  Q0  be  the  initial  (i.e.  at  t  =  0)  charge  distributed  uniformly  on  it.  The  initial 

Qo 

linear  charge  density  is  T0  =  —  .  Let  Q  be  the  wire  at  an  instant  t.  The  linear  charge  density  of  this  instant  is 
Q 

A—  — .  The  magnitude  of  the  electric  field  at  a  distance  r  from  the  wire  placed  in  a  medium  of  permittivity  e 
at  time  t  is 


A 


Q 


E  2k  e  r  2k  e  rL 
From  Ohm's  law,  the  relation  between  current  density  j  and  electric  field  E  is 

<jQ 


J 


=  -oE  =  -- 


2k  e  rL 


...(1) 
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The  negative  sign  indicates  that  the  electrons  drift  in  a  direction  opposite  to  that  of  E.  Since  the  shell  is 

/ 

hollow,  the  current  flows  only  along  the  surface  of  the  cylinder  whose  area  is  A  =  2nRL.  Since  j  =  ~ 

I  =  jA  = j  x  2t iRL 
dQ 

where  /  is  the  current  at  time  t.  Since  /  =  — we  have 

dt 

dQ  aQ 

-f-  =  /  x  2nRL=-  ~ — ^rx2  ttRL 
dt  2k  e  rL 

dQ  crR 

=>  ~ ~  =  -kQ,  where  k  =  - 

dt  e  r 

dQ 

=>  =  -kdt 


Q  =  Qo  e~kt 

Hence  the  instataneous  current  density  is 

•  _  Ql  -  c~kl 
^  2ttRL  2  kRL 

Hence  j  falls  exponentially  with  time. 

Qo 

It  is  clear  that  at  t  =  0 ,j  =  - — —  and  as  t  — >  00,  t  ->  0.  So  the  correct  graph  is  (a). 

IttRL 

5.  Refer  to  the  adjoining  figure  which  shows  the  forces  acting  on  the  stick  HR  with  A  touching  the  wall  and  end 
B  touching  the  floor.  To  prevent  slipping  of  the  stick,  the  friction  force  must  act  at  A  in  the  upward  direction 
and  at  B  towards  the  left.  Let  R  be  the  reaction  force  (which  is  the  resultant  of  the  normal  reaction  and  the 
frictional  force)  at  A  and  Abe  the  normal  reaction  at  B.  The  entire  mass  of  the  stick  may  be  assumed  to  be 
concentrated  at  its  centre  O.  Since  the  stick  is  in  translational  equilibrium,  the  total  upward  force  =  total 
downward  force,  i.e. 

R  sin  30° 

R  sin  30  +  N  =  Mg  1  r 


A[X30° 


—  +N  =  1.6  x  10=  16 


R  cos  30° 


It  is  given  that  N  =  R.  Hence 


R 

~2+  R  =  16 


32 

=>  R  =  —  newton 

Also  the  net  horizontal  force  on  the  stick  must  be  zero,  i.e. 

32  73  1673 

f  =  R  cos  30°  =  = 

J  3  2  3 


newton 
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Since  the  stick  is  also  in  rotational  equilibrium,  the  total  clockwise  torque  about  B  =  total  counterclockwise 
torque  about  B,  i.e. 

Mg  x  BD  =f  x  0  +  R  x  AB 
h 


Mg  x  —  cos  60°  =  R  x  — 

2  sm  60 


i  1  32  2 h 

L6  x  to  x  -x-  = 


h  _  3yf3 
t  ~  16 

So  the  correct  option  is  (d). 

6.  Substituting  the  given  value  of  a  and  [i,  we  have 

-  10  3«  .  2  n. 

r  =  — t  i  +  5t  j 
3 


(a) 


->  dr 
velocity  u  =  ~— 
dt 


d_ 

dt 


10 11  i  + 10  tj 


Putting  t=  Is  (given),  u  =  10(z  +  /)  ms  1  So  option  (a)  is  correct. 

(b)  Angular  momentum  with  respect  to  the  origin  is 

— »  — »  — >  — >  — »  ->  -> 

L  =  rxp  =  rx(mu)  =  m(rxu) 


=  m 


10  3.  . 
—  t  i  +  5 1  j 

3 


''j  x  [l  Oi  +  lOy'j 


=  ml 


f 100  3  cn  2 
t  -50r 


Putting  t  =  Is  and  m  =  0.1  kg,  we  get  L=-—k  kgm2  s  1 
So  option  (b)  is  also  correct. 


(c) 


ma 


— > 

dv 

=  m - 

dt 


=  m—(\0t2i  +10(/j 

=  milOti  + 1 0/ j 
=  0. 1  [(20  x  1)1  + 10/] 
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-  (2 i  +  j )  ms 


So  option  (c)  is  not  correct. 


(d) 


T  = 


(7xf)  =  ^Yt3i  +  5t2j]xm(2°ti +l®j) 


=  m(^-t3k  -I00t2k 


=  0.1(  ^x(l)3£-100x(l)2A; 


20; 

=  — —ft  Nm,  which  is  option  (d). 

So  the  correct  options  are  (a),  (b)  and  (d). 

7.  The  transparent  slab  can  be  assumed  to  consist  of  a  large  number  N  of  slabs  labelled  I,  II,  III,  .  etc.  of 

refractive  indices  n]  >  na  >  nm  ...  etc.  as  shown  in  the  figure  which  shows  refractions  at  the  interfaces  of  I,  and 
II,  II  and  III  and  so  on. 

Applying  Snell’s  law  at  each  interface,  we  have 
«!  sin  6i  =  sin  6y 
sin  6l  =  n2  sin  0n 
n2  sin  0n  =  «3  sin  0m 

i 
I 

nN_x  sin  0N  A  =  n2  sin  Oj 
From  the  above  equations  it  follows  that 

n  j  sin  6i  =  n2  sin  Of 

So  option  (b)  is  correct. 

Since  N  is  large,  the  path  of  the  refracted  ray  in  the  slab  is  a  curve  whose  curvature  depends  on  how  n  varies 
with  z.  Hence  the  lateral  displacement  t  depends  on  how  n  depends  on  z.  So  option  (c)  is  also  correct.  Since 

the  curvature  of  the  curve  does  not  depend  on  n2,  l  is  independent  of  n2.  So  option  (a)  is  correct.  Thus  the 
correct  options  are  (a),  (b)  and  (c). 

8.  Given  u=  —  30  cm  and  v  =  +  60  cm.  Using  the  lens  formula 


1  _  1 

v  u 


1 

~J ,  we  have 


So  option  (d)  is  correct. 

For  reflection  at  the  convex  surface  of  radius  of  curvature  R,u  =  —  30  cm  and  u  =  +10  cm.  Using  the  spherical 
mirror  fonnula 


1  1  2 

— +  —  =  — ,  we  have 
v  u  R 


1  1 

To  +  A50 


2 

—  =>  R  =  30  cm 
K 
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Using  lens  maker’s  formula 


=  (M~\)  +  =>/<  =  2.5 


So  option  (a)  is  also  correct.  Further,  a  convex  reflecting  surface  never  forms  a  real  image.  So  option  (c)  is 
incorrect.  Flence  the  correct  options  are  (a)  and  (d). 

9.  The  radius  of  nth  orbit  of  the  hydrogen  like  atom  is 


n  =  ,  where  k  =  0.53  A 


.'.  The  relative  change  in  the  radii  of  two  consecutive  states  is 

k(n  + l)2  kn2 

r„+,  -  r  Z  Z  _(«  +  l)2  -  n2 


2n  +  1  _  2  1  __  2 

n 2  n  n2  n 


('.•  n  » 1) 


rn+ 1  ~r„  1 

Thus  ^  x  >  which  does  not  depend  on  Z.  So  options  (a)  and  (b)  are  both  correct.  The  energy  of  nth 

rn  n 

state  is 


E„  =  -  C—r  where  C  =  13.6  eV 


cz2  cz2 


En+1-E„  (n  +  1)2  n2 


(«  + 1)2 
n2  -(n  +  1)2 
(n  +  lf 
-2  n  - 1 


(•.•  n  » 1) 


2  1 

'~2  2~ 
n  n 


So  option  (c)  is  incorrect. 


Angular  momentum  is  L  = 


(y  n  » 1) 


4+i  ~  A,  _  («  +  !)-»  _  j_ 

L„  n  n 


So  option  (d)  is  correct.  Hence  the  correct  options  are  (a),  (b)  and  (d). 
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10.  The  dimensional  fonnulae  of  the  given  quantities  are: 

[n]  =  [L  3] 

[q]  =  [AT] 

[e]  =  [IVT1  IT3  T4  A2] 

IT]  =  [K] 

M  =  [L] 

[, kB\  =  [M1  L2  T~2  KT1] 

Substituting  these  in  the  expression  of  l  given  in  options  (a),  (b), 
(c)  and  (d)  we  find  that  options  (b)  and  (d)  have  dimension  of 
length  [L].  The  dimension  of  the  expression  in  option  (a)  is  [L  '] 
and  in  option  (c)  is  [L3 2].  Hence  the  only  correct  options  are  (b) 
and  (d). 

11.  Let  V[  and  v2  be  the  frequencies  of  the  sound  of  loud  speakers  N 
and  M respectively.  Let  the  car  be  at  point  O  at  time  t.  The  point  O 
lies  between  P  and  Q  as  shown  in  the  figure. 

If  u  is  the  speed  of  the  car  (observer)  and  v  is  the  speed  of  sound. 
As  the  observer  (in  the  car)  travels  from  O  to  Q,  he  approaches  the 
sources  of  sound  M  and  N  with  speed  u  cos0.  At  O,  the  observer 
hears  sounds  of  apparent  frequencies  given  by 

v;  = 


and  v 2  = 

The  beat  frequencies  v  is 

v  = 


v  = 

The  rate  of  change  of  beat  frequency  with  time  is  given  by 


'l-v'2  =  Oi~  v2)  1 


u  +  u  cos  0 


v 


(vt  -  v2)  1  + 


u  cos  0 


d_ 

dt 


(v) 


u  do 

“(Vj  -v2)-sin6»  — 
v  dt 


...(i) 


When  the  car  crosses  the  point  Q,  the  observer  recedes  from  M  and  N  with  speed  u  cos0  and  he  hears  a  beat 
frequency  v'  given  by 


v'  =  (Vj  -v2) 


1- 


u  cos  0 


(L 


•  nd0 
smfc'  — 

dt 


-.(2) 


When  the  car  is  at  P,  0  =  0°  as  P  is  far  away  from  Q.  Hence  —  -  0  ,  i.e.  the  slope  of  v  versus  t  graph  is  zero. 

At  R,  0  =  0°.  Hence  the  slope  of  the  graph  is  again  zero.  But  at  Q,  0  =  90°.  Hence  the  slope  of  the  graph  at  Q 
is  maximum  which  is  option  (d).  So  the  current  graph  is  (a). 

At  P,  0  =  0°. 


P-1.12  Comprehensive  Physics — JEE  Advanced 


Vp  =  (”'  -”!>(l  +  £) 

At  R,Q  =  0°. 

v„.(v,-v1)(1-^ 

vP  +  vR  =  2  (V[  -  v2),  which  is  option  (b). 

So  the  correct  options  are  (a),  (b)  and  (d). 

12.  Refer  to  the  adjoining  figure. 

Divide  the  conducting  loop  ABC  into  small 
elements  each  of  small  width  dr.  Consider  one 
such  element  EF  at  a  distance  r  =AO.  Now 
EO  =  AO  tan  45°  =  AO  =  r  and  OF  =  r  so  that 
EF  =  2 r.  The  area  of  the  element  is 

dA  =  2  rdr 

The  magnetic  field  due  to  current  /  at  a  distance 
r  from  it  is 


B  =  3L 

2  nr 

Magnetic  flux  through  the  element  is 


d§  = BdA = 

Magnetic  flux  through  the  triangular  loop 

(/i  -  J  ^  = 


2  nr  n 

is 

sA  7 

77  r=0  71 


Induced  emf  is 


d<l>  ju0h  dl 

dt  k  dt 


Given  —  -  10  As  1  and  h  =  10  cm  =  0.1  m.  Thus 
dt 


M 


—  x  0.1  x  10  =  — 

7t  n 


volt 


So  option  (b)  is  correct. 

It  is  given  that  the  induced  current  in  loop  is  counterclockwise.  This  is  possible  only  if  the  current  in  the  wire 
PQ  is  towards  right  because  then  the  magnetic  filed  will  be  out  of  the  plane  of  the  loop. 

The  magnetic  field  due  to  the  triagular  loop  at  any  point  on  the  wire  PQ  is  into  the  page.  Hence  the  force  on 
the  wire  PQ  is  directed  away  from  the  loop,  i.e.,  the  force  is  repulsive.  So  the  correct  options  are  (b)  and  (c). 
13.  It  is  given  that  the  evaporation  of  tungsten  from  the  filament  is  non-uniform,  the  temperature  at  different 
points  on  the  filament  must  be  different.  Hence  option  (a)  is  incorrect. 

Due  to  evaporation,  the  cross-sectional  area  of  the  wire  decreases.  Hence  the  resistance  of  different  sections 
of  the  filament  increases.  So  option  (b)  is  also  incorrect. 

To  check  whether  option  (c)  is  correct  or  not,  consider  a  small  section  of  length  l  and  cross-sectional  area  A 
of  the  filament.  If  /  is  the  current  in  the  filament,  the  power  radiated  by  the  element  is 
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or  r"  Ja 

As  the  evaporation  continues,  A  becomes  smaller  and  smaller.  Hence  the  temperature  of  the  element  becomes 
higher  and  higher.  Hence  the  element  radiates  electro-magnetic  waves  of  a  high  energy  and  hence  of  a  high 
frequency  (because  E  =  h  v).  So  option  (c)  is  correct.  The  power  is  also  given  by 


Since  voltage  V remains  constant  and  R  becomes  very  large  (due  to  decrease  in  cross-sectional  area  caused  by 
evaporation),  the  electrical  power  P  consumed  by  the  filament  becomes  small.  So  option  (d)  is  also  correct. 
Thus  the  correct  options  are  (c)  and  (d). 

14.  Refer  to  the  following  figures. 


A  rr«U 


5  V 


Fig.  2 
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Where  the  circuit  is  switched  on  at  time  t  =  0,  the  current  in  both  the  inductors  is  zero  because  the  induced 
back  emf  prevents  the  flow  of  current.  The  current  flows  only  through  the  12Q  resistor  and  is  minimum  (Fig.  1) 

5V  5  , 

/  .  =  - =  — A 

min  12Q  12 

After  some  time,  the  steady  current  flows  in  each  inductor.  Flence  there  is  no  back  emf  induced  in  the  inductor 
dl 

(because  ~  -  u  )  and,  therefore,  they  behave  as  pure  resistors.  The  equivalent  resistance  R  is  given  by  (Fig.  2) 


—  =  -  +  — +  —  =>is!  =  1.5Q 
R  3  4  12 

Since  the  resistance  is  minimum  =  1.5  Q,  the  current  is  maximum. 

_  _  10 
/raax  “  1.5Q  3  A 


The  correct  answer  is  8. 

15.  Given  Tx 

t2 

First  reading  of  the  sensor  is 

Second  reading  of  the  sensor  is 

S2 

s2-s1 


Given 


51 

52 


10 


12 

273  +487  =  760  K 
273  +2767  =  3040  K 


log. 


(  e  a  AT*  'l 


P0 


f  e  a  AT. 
log  1 


P0 


(  <=<jAT*^i  f  eaAT.4^i 
log,  I - — —  I  -  log2 1 


log. 


eaAT;  P0 

X  - 


log  1  2 


P0  e<jAT \ 

4 


4  log,  |  ~ 


1 

(T, 

T, 


4  log 


3040 


2  1  ?00  )  =  4  log2(4)  =  4  log2  (2  )  =  4x2 


1 .  Flence 
8  +  1=9 


The  correct  answer  is  9. 
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he 

16.  Energy  of  incident  photon  =  hv  =  ~ 

A 

1.237  xlO~6eVm 
970xl0~10m 

=  12.75  eV 

Energy  of  hydrogen  atom  in  the  ground  state  =  -  13.6  eV 

When  the  hydrogen  atom  in  the  ground  state  absorbs  the  photon,  the  electron  jumps  to  a  state  En  given  by 

En  =  -13.6  +  12.75  =  -  0.85  eV 

-13.6eV 

Now,  En  =  ~2 

-13.6eV 

=>  -  0.85  eV  =  -  - 2 -  =>  «  =  4. 

n 

The  following  transitions  can  take  place. 
n 4  — >  n  =  3,  n  =  4  — >  n  —  2,  n  =  4  — >  n  =  1 , 

n  =  3  — >  n  =  2,  n  =  3  — >  n  =  1  and 
n  =  2— >  n=  1 

So  the  number  of  spectral  lines  =  6. 

2  r2(a-p)g 

17.  Terminal  velocity  Vt—  g  ^ 

For  sphere  P:  rx  =  0.5  cm,  crj  =  8  g  cnT3,  px  =  0.8  g  cm-3  and  ,  r/x  =  3  Pi 

For  sphere  Q :  r2  =  0.25  cm,  cr2  =  8  g  cnT3,  p2  =  1.6  g  cm-3  and  ,  i)2  =  2P^ 

(K)p  fhV  ( 

(K)q  \ri)  v  <^2  —  Pi)  V  7l  / 


f  °-512x( 

OO 

O 

1 

OO 

V 

xf-1 

v  0.257  ' 

vq 

1 

OO 

V3J 

=  3 


The  correct  answer  is  3. 

18.  The  nuclear  reaction  is  represented  by  the  equation 

'sB - >'62CH-?e+v+e 

By  definition,  mass  of  U6C  =  12.000  u 
The  energy  released  is 

Q  =  (; mB-mA)c 2 

=  (12.014  -  12.000)  x  931.5 
=  13.041  MeV 

Out  of  this  4.041  MeV  of  energy  is  taken  by  X\C  .  Therefore,  the  maximum  kinetic  energy  of  ft  particle 
( e)  =  13.041  -  4.041  =  9  MeV.  Then  the  kinetic  energy  of  antinutrino  (T)  is  zero.  So  the  correct 
answer  is  9. 
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SECTION  I 

(Single  Correct  Answer  Type) 


This  section  contains  FIVE  questions. 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONLY  ONE  of  these  four  options  is  correct. 


1.  There  are  two  Vernier  calipers  both  of  which  have  1  cm  divided  into  10  equal  divisions  on  the  main  scale.  The 
Vernier  scale  of  one  of  the  calipers  (C1)  has  10  equal  divisions  that  correspond  to  9  main  scale  divisions.  The 
Vernier  scale  of  the  other  caliper  (C2  )  has  10  equal  divisions  that  correspond  to  11  main  scale  divisions. 
The  readings  of  the  two  calipers  are  shown  in  the  figure.  The  measured  values  (in  cm)  by  calipers  Cj  and  C9, 
respectively,  are  : 


10 


C2 


4 


10 


(a)  2.87  and  2.86  (b)  2.85  and  2.82  (c)  2.87  and  2.87  (d)  2.87  and  2.83 

2.  The  electrostatic  energy  of  Z  protons  uniformly  distributed  throughout  a  spherical  nucleus  of  radius  R  is  given 
by 


3  Z(Z  -  l)g2 
E  5  4 7ts0R 

The  measured  masses  of  the  neutron,  |H,  75N  and 's50  are  1.008665  u,  1.007825  u,  15.000109  u  and 

15.003065  u,  respectively.  Given  that  the  radii  of  both  the  75N  and  IfO  nuclei  are  same,  lu  =  931.5  MeV/  c2 
(c  is  the  speed  of  light)  and  e2  KAne{) )  =  1.44  MeV  fm.  Assuming  that  the  difference  between  the  binding 

energies  of  7  N  and  '850  is  purely  due  to  the  electrostatic  energy,  the  radius  of  either  of  the  nuclei  is  :  ( 1  fm  = 
10~15  m) 

(a)  2.85  fm  (b)  3.03  fm  (c)  3.42  fm  (d)  3.80  fm 

3.  The  ends  Q  and  R  of  two  thin  wires,  PQ  and  RS,  are  soldered  (joined)  together.  Initially  each  of  the  wires  has 
a  length  of  1  m  at  10°C.  Now  the  end  P  is  maintained  at  10°C,  while  the  end  5  is  heated  and  maintained  at 
400°C.  The  system  is  thermally  insulated  from  its  surroundings.  If  the  thermal  conductivity  of  wire  PQ  is 
twice  that  of  the  wire  RS  and  the  coefficient  of  linear  thermal  expansion  of  PQ  is  1 .2  x  1 0  5K  ',  the  change  in 
length  of  the  wire  PQ  is  : 

(a)  0.78  mm  (b)  0.90  mm 


(c)  1.56  mm 


(d)  2.34  mm 
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4.  A  small  object  is  placed  50  cm  to  the  left  of  a  thin  convex  lens  of  focal  length  30  cm.  A  convex  spherical 
mirror  of  radius  of  curvature  100  cm  is  placed  to  the  right  of  the  lens  at  a  distance  of  50  cm.  The  mirror  is  tilted 
such  that  the  axis  of  the  mirror  is  at  an  angle  0=  30°  to  the  axis  of  the  lens,  as  shown  in  the  figure. 


f  -  30  cm 


If  the  origin  of  the  coordinate  system  is  taken  to  be  at  the  centre  of  the  lens,  the  coordinates  (in  cm)  of  the 
point  (x,  y)  at  which  the  image  is  formed  are  : 

(a)  (25,25^3)  (b)  (0,0)  (c)  (125/3,25/^3)  (d)  (50-25^3,25) 

5.  A  gas  is  enclosed  in  a  cylinder  with  a  movable  ffictionless  piston.  Its  initial  thermodynamic  state  at  pressure 
Pj  =  1 0s  Pa  and  volume  Vt  1 0  3  m3  changes  to  a  final  state  at  Pj  =  ( 1/  32)  x  105  Pa  and  Vj  =  8  x  1 0  !  m3  in  an 
adiabatic  quasi-static  process,  such  that  P3V5  =  constant.  Consider  another  thermodynamic  process  that  brings 
the  system  from  the  same  initial  state  to  the  same  final  state  in  two  steps:  an  isobaric  expansion  at  P i  followed 
by  an  isochoric  (isovolumetric)  process  at  volume  Vt.  The  amount  of  heat  supplied  to  the  system  in  the  two- 
step  process  is  approximately  : 

(a)  1 12  J  (b)  294  J  (c)  588  J  (d)  813  J 

6.  An  accident  in  a  nuclear  laboratory  resulted  in  deposition  of  a  certain  amount  of  radioactive  material  of  half- 
life  18  days  inside  the  laboratory.  Tests  revealed  that  the  radiation  was  64  times  more  than  the  permissible 
level  required  for  safe  operation  of  the  laboratory.  What  is  the  minimum  number  of  days  after  which  the 
laboratory  can  be  considered  safe  for  use? 

(a)  64  (b)  90  (c)  108  (d)  120 

SECTION  II 

(One  or  More  than  One  Options  Correct  Type) 

This  section  contains  EIGHT  questions. 

Each  question  has  FOUR  options  (a),  (b),  (c)  and  (d).  ONE  OR  MORE  THAN  ONE  of  these  four  option(s)  is  (are) 
correct. 

7.  Two  thin  circular  discs  of  mass  m  and  4m,  having  radii  of  a  and  2a,  respectively,  are  rigidly  fixed  by  a 

massless,  rigid  rod  of  length  /  =  ^24 a  through  their  centres.  This  assembly  is  laid  on  a  firm  and  flat  surface, 
and  set  rolling  without  slipping  on  the  surface  so  that  the  angular  speed  about  the  axis  of  the  rod  is  co.  The 

— > 

angular  momentum  of  the  entire  assembly  about  the  point  ‘O’  is  L  (see  the  figure).  Which  of  the  following 
statement(s)  is(are)  true? 


4  m 
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(a)  The  magnitude  of  angular  momentum  of  the  assembly  about  its  center  of  mass  is  \lma2co  12 

(b)  The  center  of  mass  of  the  assembly  rotates  about  the  z-axis  with  an  angular  speed  of  cot  5 

y 

(c)  The  magnitude  of  the  z-component  of  L  is  55 ma  co 

(d)  The  magnitude  of  angular  momentum  of  center  of  mass  of  the  assembly  about  the  point  O  is  S I  met1  co 

8.  A  rigid  wire  loop  of  square  shape  having  side  of  length  L  and  resistance  R  is  moving  along  the  x-axis  with  a 
constant  velocity  v0  in  the  plane  of  the  paper.  At  t  =  0,  the  right  edge  of  the  loop  enters  a  region  of  length  3 L 
where  there  is  a  uniform  magnetic  field  B0  into  the  plane  of  the  paper,  as  shown  in  the  figure.  For  sufficiently 
large  v0,  the  loop  eventually  crosses  the  region.  Let  x  be  the  location  of  the  right  edge  of  the  loop.  Let  v(x),  /(x) 
and  F(x)  represent  the  velocity  of  the  loop,  current  in  the  loop,  and  force  on  the  loop,  respectively,  as  a 
function  of  x.  Counter-clockwise  current  is  taken  as  positive. 
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Which  of  the  following  schematic  plot(s)  is(are)  correct?  (Ignore  gravity) 


(d) 


9.  In  an  experiment  to  determine  the  acceleration  due  to  gravity  g,  the  fonnula  used  for  the  time  period  of  a 

periodic  motion  is  T  =  2n  — —  .The  values  of  R  and  r  are  measured  to  be  (60  ±  l)mmand(10±  l)mm, 

V  5S 

respectively.  In  five  successive  measurements,  the  time  period  is  found  to  be  0.52  s,  0.56  s,  0.57  s,  0.54  s  and 
0.59  s.  The  least  count  of  the  watch  used  for  the  measurement  of  time  period  is  0.01  s.  Which  of  the  following 
statement!  s)  is(are)  true? 

(a)  The  error  in  the  measurement  of  r  is  10% 

(b)  The  error  in  the  measurement  of  T  is  3.57% 

(c)  The  error  in  the  measurement  of  T  is  2% 

(d)  The  error  in  the  determined  value  of  g  is  1 1  % 
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10.  Light  of  wavelength  Aph  falls  on  a  cathode  plate  inside  a 
vacuum  tube  as  shown  in  the  figure.  The  work  function  of 
the  cathode  surface  is  <f>  and  the  anode  is  a  wire  mesh  of 
conducting  material  kept  at  a  distance  d  from  the  cathode. 

A  potential  difference  V  is  maintained  between  the 
electrodes.  If  the  minimum  de  Broglie  wavelength  of  the 
electrons  passing  through  the  anode  is  Ae,  which  of  the 
following  statement!  s)  is(are)  true? 

(a)  For  large  potential  difference  (V  »  (ft  I  e),  Ae  is 
approximately  halved  if  V  is  made  four  times 

(b)  Ae  decreases  with  increase  in  (j>  and  Aph 

(c)  Ae  increases  at  the  same  rate  as  Aph  for  Aph  <  hc/<j) 

(d)  Ae  is  approximately  halved,  if  d  is  doubled 

11.  Consider  two  identical  galvanometers  and  two  identical  resistors  with  resistance  R.  If  the  internal  resistance 
of  the  galvanometers  Rc<  R  /  2,  which  of  the  following  statement(s)  about  any  one  of  the  galvanometers 
is(are)  true? 

(a)  The  maximum  voltage  range  is  obtained  when  all  the  components  are  connected  in  series 

(b)  The  maximum  voltage  range  is  obtained  when  the  two  resistors  and  one  galvanometer  are  connected  in 
series,  and  the  second  galvanometer  is  connected  in  parallel  to  the  first  galvanometer 

(c)  The  maximum  current  range  is  obtained  when  all  the  components  are  connected  in  parallel 

(d)  The  maximum  current  range  is  obtained  when  the  two  galvanometers  are  connected  in  series  and  the 
combination  is  connected  in  parallel  with  both  the  resistors 

12.  While  conducting  the  Young’s  double  slit  experiment  a  student  replaced  the  two  slits  with  a  large  opaque 
plate  in  the  x-y  plane  containing  two  small  holes  that  act  as  two  coherent  point  sources  (SVS2)  emitting  light  of 
wavelength  600  nm.  The  student  mistakenly  placed  the  screen  parallel  to  the  x-z  plane  (for  z  >  0)  at  a  distance 
D  =  3 m  from  the  mid-point  of  -S' , .S'2 ,  as  shown  schematically  in  the  figure.  The  distance  between  the  sources 
d  =  0.6003  mm.  The  origin  O  is  at  the  intersection  of  the  screen  and  the  line  joining  ,Sj  S2.  Which  of  the 
following  is(are)  true  of  the  intensity  pattern  on  the  screen? 


/j 


Light 


Electrons 


(a)  Hyperbolic  bright  and  dark  bands  with  foci  symmetrically  placed  about  O  in  the  x-direction 

(b)  Straight  bright  and  dark  bands  parallel  to  the  x-axis 

(c)  Semi  circular  bright  and  dark  bands  centered  at  point  O 

(d)  The  region  very  close  to  the  point  O  will  be  dark 
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13.  A  block  with  mass  M  is  connected  by  a  massless  spring  with  stiffness  constant  k  to  a  rigid  wall  and  moves 
without  friction  on  a  horizontal  surface.  The  block  oscillates  with  small  amplitude  A  about  an  equilibrium 
position  a'0;  Consider  two  cases:  (i)  when  the  block  is  at  x0;  and  (ii)  when  the  block  is  at  x  =  x0  +  A  .  In  both  the 
cases,  a  particle  with  mass  m(<M)  is  softly  placed  on  the  block  after  which  they  stick  to  each  other.  Which  of 
the  following  statement(s)  is(are)  true  about  the  motion  after  the  mass  m  is  placed  on  the  mass  Ml 

I  M 

(a)  The  amplitude  of  oscillation  in  the  first  case  changes  by  a  factor  of  J - whereas  in  the  second  case 

V  m+M 

it  remains  unchanged 

(b)  The  final  time  period  of  oscillation  in  both  the  cases  is  same 

(c)  The  total  energy  decreases  in  both  the  cases 

(d)  The  instantaneous  speed  at  x0  of  the  combined  masses  decreases  in  both  the 

14.  In  the  circuit  shown  below,  the  key  is  pressed  at  time  t  =  0.  Which  of  the 
following  statement(s)  is  (are)  true? 

(a)  The  voltmeter  displays  -5V  as  soon  as  the  key  is  pressed,  and  displays 
+5V  after  a  long  time 

(b)  The  voltmeter  will  display  0  V  at  time  t  =  In  2  seconds 

(c)  The  current  in  the  ammeter  becomes  He  of  the  initial  value  after  1  second 

(d)  The  current  in  the  ammeter  becomes  zero  after  a  long  time 

SECTION  II 

(Single  Digit  Integer  Type) 

This  section  contains  FIVE  questions. 

This  answer  to  each  question  is  a  SINGLE  DIGIT  INTEGER  ranging  from  0  to  9,  both  inclusive 


cases 


PARAGRAPH  FOR  QUESTIONS  15-16 

A  frame  of  reference  that  is  accelerated  with  respect  to  an  inertial  frame  of  reference 
is  called  a  non-inertial  frame  of  reference.  A  coordinate  system  fixed  on  a  circular 
disc  rotating  about  a  fixed  axis  with  a  constant  angular  velocity  co  is  an  example  of 

a  non-inertial  frame  of  reference.  The  relationship  between  the  force  Frot 

experienced  by  a  particle  of  mass  m  moving  on  the  rotating  disc  and  the  force  in 

— > 

Fi„  experienced  by  the  particle  in  an  inertial  frame  of  reference  is 

— >  — »  — >  — » 

F  rot  =  F  in  +  2m  (Urot'X  CO)  +  m{CO  X  r)x  CO 


where  vrot  is  the  velocity  of  the  particle  in  the  rotating  frame  of  reference  and  r  is  the  position  vector  of  the  particle 
with  respect  to  the  centre  of  the  disc. 

Now  consider  a  smooth  slot  along  a  diameter  of  a  disc  of  radius  R  rotating  counter-clockwise  with  a  constant  angular 
speed  (o  about  its  vertical  axis  through  its  center.  We  assign  a  coordinate  system  with  the  origin  at  the  center  of  the  disc, 

— ^  ^ 

the  x-axis  along  the  slot,  the  y-axis  perpendicular  to  the  slot  and  the  z-axis  along  the  rotation  axis  (co  =  cok ) .  A  small 

— >  ^ 

block  of  mass  m  is  gently  placed  in  the  slot  at  ( r  =  (R  /  2  )i  at  t  =  0  and  is  constrained  to  move  only  along  the  slot. 


15.  The  distance  r  of  the  block  at  time  t  is  : 

(a)  j(e2cot +e-2t0‘)  (b)  ^(e^+e^1)  (c)  yCOs2 cot  (d)  ycos cot 
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16.  The  net  reaction  of  the  disc  on  the  block  is: 


(a)  -mar R  cos  cot  j  -  mgk 
(c)  moo1  R  sin  cot  j  -  mgk 


(b)  ~ mco1  R  {e2m  -  e  2<0' )  j  +  mgk 

(d)  ~ mar  R  ( e0>l  -  e~at )  j  +  mgk 

PARAGRAPH  2 


Consider  an  evacuated  cylindrical  chamber  of  height  h  having  rigid  conducting 
plates  at  the  ends  and  an  insulating  curved  surface  as  shown  in  the  figure.  A 
number  of  spherical  balls  made  of  a  light  weight  and  soft  material  and  coated  with 
a  conducting  material  are  placed  on  the  bottom  plate.  The  balls  have  a  radius  r  « 
h  .  Now  a  high  voltage  source  (HV)  is  connected  across  the  conducting  plates  such 
that  the  bottom  plate  is  at  +V0  and  the  top  plate  at  -V0. 

Due  to  their  conducting  surface  the  balls  will  get  charged,  will  become 
equipotential  with  the  plate  and  are  repelled  by  it.  The  balls  will  eventually  collide 
with  the  top  plate,  where  the  coefficient  of  restitution  can  be  taken  to  be  zero  due 
to  the  soft  nature  of  the  material  of  the  balls.  The  electric  field  in  the  chamber  can 
be  considered  to  be  that  of  a  parallel  plate  capacitor.  Assume  that  there  are  no 
collisions  between  the  balls  and  the  interaction  between  them  is  negligible. (Ignore 
gravity) 


17.  Which  one  of  the  following  statements  is  correct  ? 

(a)  The  balls  will  bounce  back  to  the  bottom  plate  carrying  the  opposite  charge  they  went  up  with 

(b)  The  balls  will  stick  to  the  top  plate  and  remain  there 

(c)  The  balls  will  execute  simple  harmonic  motion  between  the  two  plates 

(d)  The  balls  will  bounce  back  to  the  bottom  plate  carrying  the  same  charge  they  went  up  with 

18.  The  average  current  in  the  steady  state  registered  by  the  ammeter  in  the  circuit  will  be  : 

(a)  proportional  to  V0U1  (b)  zero 

(c)  proportional  to  V02  (d)  proportional  to  the  potential  V0 

ANSWERS 


1. 

(d) 

2. 

(c) 

3.  (a) 

4. 

(a) 

5. 

(c) 

6. 

(c) 

7. 

(a),  (b) 

8.  (b),(d) 

9. 

(a),  (b),  (d) 

10. 

(a) 

11. 

(a),  (c) 

12. 

(c),  (d) 

13.  (a),  (b),  (d) 

14. 

(a),  (b),  (c),  (d) 

15. 

(b) 

16. 

(d) 

17. 

(a) 

18.  (c) 

Solutions 

1.  If  n  vernier  scale  divisions  coincide  with  (n  —  1)  main  scale  divisions  (as  is  the  case  for  vernier  calipers  CL), 
the  length  of  a  small  object  is  measured  by  the  usual  method  which  gives. 

L|  =  main  scale  reading  +  n  x  V.C. 

where  n  is  the  number  of  the  vernier  scale  division  which  coincides  with  a  main  scale  division  and  V.C.  is  the 
vernier  constant.  For  Cx,  n  =  l  and  V.C.  =  0.1  mm  =  0.01  cm.  Hence  [see  figure] 
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L,  =(2.8  +  7  xO.Ol)  cm 
=>  Lx  =  2.87  cm 

For  vernier  calipers  C2,  n  vernier  scale  divisions  concide 
with  (n  +  1)  main  scale  divisions.  In  this  case,  the  length 
of  a  vernier  scale  division  is  greater  than  that  of  a  main 
scale  division.  So,  for  C2  the  usual  method  is  not 
applicable.  The  following  method  is  to  be  used.  Refer  to 
the  adjoining  magnified  diagram  of  C2. 

In  ths  case,  the  value  of  x  is  [see  figure] 


x  7  x  1.1  mm 


x  =  8  x  1  mm  -  7  x  1.1  mm  =  0.3  mm  =  0.03  cm 


The  length  measured  by  C2  is 

L2  =  main  scale  reading  +  x 
=  2.8  cm  +  0.03  cm  =  2.83  cm 


Hence  the  correct  option  is  (d). 
2.  For  nitrogen  (Z  =  7).  Therefore, 


3  7  x  7  -  l)g2  126  g2 

5  4 n  e0  R  5  An  e0  R 

For  oxygen  (Z  =  8).  Therefore, 


Eo 


3  8  x  (8  -  l)e2  168  g2 
5  An  e0  R  5  An  e0  R 


...(1) 


=  7  x  1.007825  +  8  x  1.008665  -  15.000109 
=  0.123986  u 


=  8  x  1.007825  +  7  x  1.008665  -  15.003065 
=  0.12019  u 
=  0.123986  -0.12019 
=  0.003796  u 

This  must  be  equal  to  AE  in  Eq.  (1).  Hence 

42  g2 
5  An  e0  R 

=>  —  x(1.44  MeVfm)  x  — 

5  R 

=>  R 

So  the  correct  option  is  (c). 

3.  Let  Tq  be  the  temperature  of  the  junction  of  wires  PQ  and  RS  (see  figure)  below: 

T0 

7,  =  1 0  °C  • - • - •  T2  =  400  °C 

P  Q,  R  S 


=  (0.003796)  x  931.5  MeV 

=  0.003796  x  931.5  MeV 
=  3.42  fin 


42  <?2 

AE  =  Eo-Eu=  T  An  e0  R 
Binding  energy  of  is 

(B.E.)n 

Binding  energy  of  ^  O  is 

(B.E.)0 

Difference  in  binding  energy 
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In  the  steady  state,  the  rate  of  flow  of  heat  in  wire  PQ  =  rate  of  flow  of  heat  in  wire  RS.  Hence 

2k(TQ-\Q)A  _  2(400  -T0)A 
e  ~~  i 


Here  we 
wire  PQ 


2(T0-  10)  =400-T0 
T0  =  140°C 

have  assumed  that  the  two  wires  have 
is  T  =  ^-(140  + 10)  =  75°C  .  Hence  the 

At  =  a£(T  -7j) 

=  (1.2  x  10~5) 
=  78  x  JO-5  m 


the  same  cross-sectional  area  A.  The  average  temperature  of 
increase  in  the  length  of  PQ  is 

x  (1.0)  x  (75-10) 

=  0.78  mm 


So  the  correct  choice  is  (a). 


4.  For  the  image  fonned  by  the  lens,  u 


1  1 

50  cm,/=  +  30  cm.  Using  the  lens  formula 


1 

7’ 


we  have 


1  1  _  1 

- —  —  777  =>  0=  75  cm.  This  image  is  inverted  and  is  formed  on  the  principal  axis  of  the  lens.  The  (x,  y) 

v  -50  +30 

coordinates  of  the  image  are  x  =  75  cm  and  y  =  0  (because  the  object  is  very  small).  This  image,  which  is 
formed  at  as  distance  of  (75  -  50)  =  25  cm  to  the  right  of  the  convex  mirror,  acts  as  a  virtual  object  for  the 
mirror.  If  the  mirror  were  not  titled,  then  for  the  mirror  u  =  +  25  cm,  R  =  +  100  cm.  Using  the  spherical  mirror 

1  1  _  2 

fonnula  —  +  —  -  —  ,  we  have 
v  u  R 


1  1 

- 1 - 

v  25 


2 

Too 


v  =  -  50  cm 


If  the  mirror  is  rotated  by  an  angle  of  30°  as  shown  in  the  figure,  the  image  will  rotate  by  60°.  The  new 
x-coordinate  of  the  image  will  be 

x'  =  50  -  50  cos  60°  =  50  -  25  =  25  cm 
The  new  of  y-cordinate  will  be 

/  =  0  -  v  sin  60° 

V3  50^3  nr 

=  0  -  (-50)  x  —  =  — —  =  25V3  cm 
2  2 

So  the  correction  choice  is  (a) 

5.  For  the  first  process  (which  is  adiabatic),  we  have 

pyj  =  ptv? 


p 


/F/V 

v77 


105 


1  xHF 
32 


8xlQ- 

10~3 


3  V 


32  =  8T 
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=>  25  =  23y 

5 

=>  5  =  3y  =>  y  =  ~ 

The  second  process  is  a  two-step  process.  Work  done  in  isobaric  expansion  at  pressure  Pt  is 

W  =  P,(Vf  -Vi)  =  10s  (8  x  10-3  -  I0-3)  =  10s  x  7  x  I0'3 
=>  W  =  7  x  1 02  J 

The  change  in  internal  energy  is  the  isochoric  process  at  volume  Py  is 

AU-T^iPfVf-m 

(y-  D 


i  i 


(7x105j  x(8xl0~3)-105  xlO~3 


=  -  —  x  102  - 102 


Heat  supplied  is 


9  , 

AU  =  -  -xlO  J 


Q  =  W+  AU=1  x  102-  -xlO2 


47 

=>  0  =  — XlO2  =588J 

^8 

So  the  correct  choice  is  (c). 

f  0 

6.  The  radioactivity  of  a  sample  decreases  to  in  n  half  lives.  Since  the  initial  activity  is  64  times  the 


pennissible  level,  it  must  become  ~th  0f  the  initial  value.  Therefore, 


1  1 

64  =r^n  =  6 

Thus  in  6  half  lives  the  activity  will  reduce  to  the  permissible  level.  Therefore,  the  time  taken  is 

t  =  6  Tl/2  =6x18  days  =  108  days 

So  the  correct  option  is  (c). 

7.  The  magnitude  of  angular  momentum  of  the  system  about  its  centre  of  mass  is 


^cni  4m® 


ma2  Am(la) 

- 1 - 

2  2 


17  ma  co 


So  option  (a)  is  correct. 
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For  option  (b),  refer  to  the  adjoining  figure. 

The  ratio  of  the  angular  speed  of  the  discs  is 

co2  2n(2  a)  l 

&>,  2;r(10a)  5 


co 

Now  co1  =  co,  so  co2  =  —  ■  Flence  option  (b)  is  also  correct. 
Angular  momentum  about  OZ  is 


L 


Z 


—mi2  -4 — AmiliY 
.2  2 


co 


.i  17 

=  mi  x  — co 


=  m  x  24a2  x  17®x  - 
=  204  ma2  co 

So  choice  (c)  is  incorrect.  It  can  be  shown  that  the  magnitude  of  angular  momentum  about  the  centre  of  mass 


81  ,2  81  2  1944  2 

of  the  discs  =  ywt  co  =  —  x  m  x  24a  co  =  — -  ~~ 


ma  co .  So  option  (d)  is  also  incorrect.  Flence  the  correct 


choice  are  (a)  and  (b). 

8.  Induced  emf  =  BLu,  where  u  is  the  velocity  of  the  loop  at  a  general  position  x.  Induced  current  is 


i 


BLu 

R 


Force  on  the  loop  is 


BLu  B2L2u 

F  =  -  BiL  =  -B  x  ——  x  L  =  -  - 

R  R 


Now 


F  =  ma 


du  du  dx  du 

m  —  =  m - =  mu  — 

dt  dx  dt  dx 


Using  (3)  in  (2),  we  have 


du 


mu  — 
dx 


B2L2u 


mR 


du  =  ~~ 


B2L2 

mR 


dx 


...(1) 

-.(2) 

...(3) 


\dv 


B2L2  x 


mR 


J  dx 


U~  Ua  = 


B2L2 

mR 


...(4) 


From  Equation  (4)  it  follows  that  the  velocity  of  the  loop  decreases  linearly  with  x. 

When  the  loop  is  completely  in  the  region  of  magnetic  field,  the  current  i  is  zero  there  is  no  change  in 
magnetic  flux.)  Hence  F  =  0,  therefore,  velocity  u  is  constant.  The  moment,  the  loop  comes  out  of  the  field  the 
current  becomes  clockwise,  the  force  will  be  to  the  left  (i.e.  along  negative  x  direction)  and  velocity  u 
decreases  linearly  with  x.  Hence  the  correct  options  are  (b)  and  (d). 
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9.  Mean  time  period  is 


0.52  +  0.56  +  0.57  +  0.54  +  0.59 


=  0.556  s  ~  0.56  s  (upto  appropriate  significant  figures) 
The  absolute  error  in  the  five  reading  is. 

| T-T\  =  0.56 -0.52  =  0.04  s, 

\t~T2\  =  0.56-0.56  =  0.00, 

\t-T,\  =  0.56-0.57  =  0.01  s. 


T-TA  =0.56 -0.54  =  0.02  s, 


T-TA  =0.56-0.59  =  0.03 


Mean  error  AT  = 


0.04  +  0.00  +  0.01  +  0.02  +  0.03 


=  0.02  s 

AT  0.02 

Percentage  error  in  T  =  x  100  =  — ——  x  100  =  3.57% 

1  0.56 

0.001x100  _ 

Percentage  error  in  r  =  —  —  -W/o 


Percentage  error  in  R  =  x  100  —  1 .67% 
0.060 


T  =  2  n. 


7  (R-r) 
1  5  g 


4tC  x  7 {R  -  r ) 


Ag  _  A(R-r)  |  2AT 

g  ~  (R-r)  T 

0.002  „  0.02 

= - h  2  x - 

0.05  0.56 

=  0.04  +  0.07  =  0.11 
Ag 

Percentage  error  in  g  =  x  100  =0.11  x  100  =  1 1% 

S 

So  the  correct  options  are  (a),  (b)  and  (d). 

10.  Maximum  initial  kinetic  energy  of  photoelectrons  immediately  after  emission  from  the  cathode  plate  is 


kt  =hv-  (j)=  - - <p 

^ ph 
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The  energy  gained  by  the  electrons  on  reaching  the  anode  (wire  mesh)  =  e  V.  Hence  the  final  kinetic  energy  of 
the  electrons  on  reaching  the  anode  is 


f  he  ?\ 

K^K,  +  eV-(  —  -^er 

For  a  very  high  V,  equation  ( 1)  gives 

Kf~eV 

The  de-Broglie  wavelength  of  the  electron  is  (using  Eq.  2) 

h  h  h 

A =  -  = 


1 


■CD 


•(2) 


...(3) 


p  ^2  mKf  \flme  -Jv 

Hence  if  V  is  made  four  times,  Ae  becomes  half. 

So  option  (a)  is  correct. 

It  follows  the  Eq.  (1)  that  if  Aph  and  $  both  increase,  A^will  decrease  (as  it  becomes  less  then  eV).  Hence  Ae 
increases  [See  Eq.  (3)].  So  option  (b)  is  incorrect. 


It  is  easy  to  see  that 


c  1 2 ,  dAp 


.  So  option  (c)  is  also  incorrect.  We  know  that  Ae  is  independent  of  d  as  it 


dt  dt 

depend  only  on  V  and  Kt .  So  option  (d)  is  also  incorrect.  Thus  the  only  correct  option  is  (a). 

11.  Option  (a) 

/  s-k  R  R 

A  • — ► — (J) - (J) - a/wv — yvw\i - «B 

Equivalent  resistance  between  points  A  and  B  is 

Req  =  Rc  +  RC+  R  +  R  =  2  (Rc+  R) 

Let  I  be  the  current.  Since  /  is  the  same  in  each  component  of  a  series  combination,  the  potential  difference 
between  A  and  B  is 

Va  =IReq=2I(Rc  +  R) 

~  2/R  (•••  RC«R)  ...(1) 

Since  Req  is  maximum  for  a  series  combination,  for  a  given  current  /,  Va  is  the  maximum.  So  option  (a)  is 
correct. 

Option  (b) 


R 


Rr+2R 


A  ! 

^^AAAA^VWW- 

B  I) 

A  1 

- WWW - 

B 

- m - 

- A/W\ - 

Rc 

The  equivalent  resistance  between  points  A  and  B  is 

RC(RC  +2R) 
Re(i  =  Rc  +  (Rc  +  2  R) 

RC(RC  +  2R) 

2  (Rc  +  R) 


R 

Since  Rc<  —■>  Rc  is  much  less  than  2 R  and  R.  So 


Rr 
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R 


eq  - 


Rr  x  2  R 
- =  Rc 

2  R 


and 


Vb  =IRcq  =  IRc 


V  R , 

It  follows  from  (1)  and  (2)  that  —  =  — «  1.  So  option  (b)  is  incorrect. 

Va  2  R 

Option  (c) 

The  equivalent  resistance  between  points  A  and  B  is  given  by 


R 


1111 

- 1 - 1 - 1 - 

Rc  R(  R  R 


A  1 

Rr  R 


2  (R  +  Rc) 
For  a  given  voltage  V,  the  current  Ic  is 


J\  R  R , 
A  =  2(R+  R,A  _  2 


Rc 

Rc 

“0“ 


R 

-wwv- 


R 

-wwv- 


-.(2) 


•  B 


j  _  v  _  2V_ 


R, 


Rr 


-(3) 


Since  the  equivalent  resistance  of  a  parallel  combination  is  the  minimum,  for  a  given  voltage  V,  the  current  Ic 
is  the  maximum.  So  option  (c)  is  correct. 

Option  (d) 


Rr 


Rr 


A  L 


2Rr 


B 


— iV - 

— tv — 

=> 

• — ► — 

- WWW - 

R 

R 

1 - AAM - /VWv - 1 

- AAAA/ - 

2R 


The  equivalent  resistance  between  points  A  and  B  is 


2  R  x  2  Rc  4  RRC 
Req  =2 R  +  2 Rc  ~~  2 R 

=  2RC 

V  V 
Id  =  Req  “  2  Rc 


(■■■  R»  Rc) 


...(4) 


12.  It  follows  from  (3)  and  (4)  that  Id>  Ic.  So  option  (d)  is  incorrect.  Thus  the  correct  options  are  (a)  and  (c). 
Consider  points  on  a  circle  of  radius  r  on  the  screen.  All  points  on  this  circle  subtend  the  same  angle  on  the 
centre  of  S x  and  S2.  So  the  interferance  fringes  are  fringes  of  equal  inclination.  Hence  the  fringes  are  circular. 
At  origin  O,  r  =  0.  Since  there  is  no  screen  below  O,  fringes  are  semi-circular  bright  and  dark  bands  centred  at 
O.  So  option  (c)  is  correct  but  options  (a)  and  (b)  are  incorrect. 

At  O  the  path  difference  =  d  =  0.6003  mm  =  0.6003  x  1 0~3  m  which  is  equal  to  1 000.5  A  (V  A  =  6  x  1 0~7  m).  So 


the  path  difference  A 


1000  +  -  A 

2) 


which  satisfies  the  conditon 


with  n  =  1000.  This  is  the 


condition  for  dark  fringe.  Hence  there  will  be  a  dark  fringe  at  O.  So  option  (d)  is  also  correct.  Hence  options 
(c)  and  (d)  are  correct. 
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13.  Let  0)  be  the  angular  frequency  of  the  simple  harmonic  motion  when  the  mass  m  is  not  placed  on  block  of  mass 
M  and  co{  when  m  is  placed  on  M.  Then 


a)  —  .  —  and  ®i  =  , 
VM 


'  (M  +  m) 


Case  (i)  When  m  is  placed  on  M when  Mis  at  the  mean  position  x(). 

Let  v  be  the  velocity  of  block  M  when  it  passes  through  the  mean  position  x(]  and  be  the  velocity  of  (M  +  m) 

when  the  composite  block  passes  through  x0.  From  conservation  of  momentum, 

Mv  =  (M  +  m)ul 

It  A  and  Ax  are  the  amplitudes  in  the  two  situations,  u  =  coA  and  =  colAl.  Thus 

McoA  =  (M  +  m)co1A1 

A,  M  co 

_ 1_  _  _ x _ 

A  (M  +  m)  cox 


M  +  m 


(M  +  m) 


(M  +  m) 


A  [  —  A 


(M  +  m) 


i.e.  in  this  case  the  amplitude  decreases  by  a  factor  of 


'  (M  +  in) 


Case  (ii)  When  m  is  placed  on  M  when  Mis  at  the  extreme  position  (x0  +  A). 

At  the  extreme  position,  the  velocity  of  M  and  of  (M  +  m)  is  momentarily  zero.  Hence,  in  this  case,  the  mean 
position  x0  and  the  extreme  position  (x0  +  A)  remain  unchanged.  Hence  the  amplitude  of  oscillation  remains 
unchanged  equal  to  A.  So  option  (a)  is  correct. 

Since  the  total  mass  in  oscillation  is  (M  +  m)  in  cases  (i)  and  (ii),  the  time  period  in  each  case  is 

2  n  _  l(M  +  m) 

Ti  =  ~  =  2;r\  T 
1  Oj  v  « 

So  option  (b)  is  also  correct. 

The  energy  of  the  oscillator  in  case  (i)  is 

El  =  |(M  +  «MV 


Without  m  placed  on  M,  the  energy  is 


E  =  —MA2co2 


Et_  =  (  M  +  m  )  f  4)  x 
E  M  \A) 


(M  +  m)  M  M 

_ _ _  y _ x  _ 

M  (M  +  m)  (M  +  m) 


M  +  m 


Physics  Paper  II — 2016  P-II.15 


Hence  Ex  <  E  is  case  (i). 


In  case  (ii), 


E,  = 


—  (M  +  m)A2co2 


and 


E  =  —MA2co2 
2 


(M  +  m )  f  co{ 


M 


CO 


(•••  4  =  A) 


(M  +  m )  M 


=  1 


M  (M  +  m) 

Hence  E2  =  E  in  case  (ii)  so  option  (c)  is  incorrect. 

In  case  (i)  the  velocity  at  x0  is  ux  =  co{A ,  when  m  is  placed  on  M  at  x{)  and  u  =  coA  when  m  is  not  placed  on  M. 
Therefore, 


M 


M 


M 


V]_  _  x  — 

o  co  A  y  (M  +  m )  ]/  (M  +  m)  ( M  +  m ) 

Thus,  V[  =  v. 

In  case  (ii),  the  velocity  =  coxAx,  the  same  as  in  case  (i).  Hence  velocity  atx0  decreases  in  both  cases  so  the 
correct  options  are  (a),  (b)  and  (d). 

14.  Refer  to  the  following  figure. 

At  t  =  0,  when  the  key  is  pressed,  there  is  no  charge  on  capacitors 
C|  and  C2  .  Therefore,  current  7)  and  I2  are 

5V 


B 


and 


/,  = 


E  = 


25000Q 

5V 


50000Q 


=  0.2  x  10  A  =  0.2  mA 


=  0.1  x  10  A  =  0.1  mA 


Therefore,  Vn+ 50000  E  =  Y,, 


VD-VB  =- 50000  x/2 


■v  3 


=  -50000  x  0.1  x  10“ 

=  -  5V 

After  a  long  time  (i.e.  when  the  capacitors  are  fully  charged), 
/,  =  /2  =  0.  At  this  time  charge  on  Cj  is 

Q{  =  5V  x  40pF  =  200  pC 

The  charge  on  C2  is 

02  =  5V  x  20pF  =  100  pC 


Therefore 


Vn- ^  =  V,, 


C, 


r0-  vB=-  = 


Q  200pC 


c, 


40pF 


=  +5V 


So  option  (a)  is  correct. 

The  charge  on  capacitor  C1  varies  with  t  is 

Ql  =Qx{\-e,h') 


P-II.16  Comprehensive  Physics — JEE  Advanced 


where  tx  =  time  constant  =  =  (40  x  10-6)  x  25  x  103  =  Is 

Q;  =Q1(l-e-')  =  200  (l-e>C 
The  current  through  C,  varies  with  t  as 

dQ' 

/,'  =  —r~  =  200  e  '  |iA  =  0.2  e  ihA 


For  capacitor  C2  Q 2'  =  100(l-e  </r0 

where  r2  =  CV?2  =  20  x  1(T6  x  50  x  103  =  Is.  Fience 

Q£  =  100(1  -eJ)|iC 

and  /,'  =  0.1  e  ( mA 


Therefore 


At  t  =  £J2) 


V'  -V' 

y  D  y  B 


=  — — I,'  x  25  x  103 
C,  1 


100(1 -g)xlQ~6 

20x10^ 

=  5(1  -  2el) 


-  0.2  x  x  10~3 


x  25  x 103 


V'n  -  V'H  =  5(1  -2e-fa(2') 

=  5  (1  -  2  x  0.5) 

=  5  (1—1)  =  0 

So  option  (b)  is  also  correct. 

At  t  =  Is,  /'  =  /;  + 1'2  m  0.2  e_1  mA  +  0. 1  e_1  mA 

0.3  . 

=  — mA 

e 

Intial  current  at  t  =  0  is  /  =  (0.2  +  0.1)  mA  =  0.3  mA 
So  option  (c)  is  also  correct. 

After  a  long  time  when  steady  state  is  reached,  /,  =  0  and  I2  =  0.  So  option  (d)  is  also  correct. 
Fience  all  the  four  options  are  correct. 

15.  It  is  given  that  the  rotational  force  experienced  by  the  particle  is 


F  rot  —  F  in  +  2m  (urot  x  a)  +  m  (co  x  r)  x  a> 


The  term  m(a>  x  r)  x  co  is  directed  radially  outwards.  Fience  it  increases  owi. The  term  2m(umt.  x  co)  is 
perpendicular  to  the  edge  of  the  slot  and  is  hence  cancelled  by  the  normal  reaction  exerted  by  the  edge  of  the 
slot  on  the  particle. 

The  radial  force  is  the  centripetal  force  which  is 

F  =  m  o?r 

d2r  2 

=>  m  —rr  =  mccrr 

Jr 
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d2r  2 

=>  —~y  =  orr 

dr 

The  solution  of  the  differential  equation  ( 1 )  is 

r  =  ae  +  be 

where  a  and  b  are  constants.  This  can  be  checked  as  follows.  From  Eq.  (2) 

dr 
dt 

Differentiating  again,  we  have 

d2r 
~dt 2 

Using  (2),  we  get 

d2r 
dt 2 

which  is  eq.  (1). 

R 

It  is  given  that  at  t  =  0,  r  ~  —  .  Putting  t=  0  in  Eq.  (1),  we  get 

R 

2  =a+b 

Also  =  —  =  A  acoeC0t  -  bate  m> 

rot  dt 

At  t=  0,  vmt  =  (a  -  b)co 

Given  that  at  t  =  0,  vmt  =  0.  This  gives  (a  -  b)co  =  0 
=>  a  =  b. 

r  R 

So  at  t  =  0  r  =  2a  =>  a  =  —  =  — 

2  4 

TT  (W  -COt  I 

Hence  r  =  ~\e  +e  ) 

4 

So  option  (b)  is  correct. 


=  acoe °*  -bcoe  0Jt 


^2  cot  ,  -cot 

=  aco  e  +bco  e 


=  co1  (aecot  +be  a" )  =  orr 


...(1) 

-.(2) 


...(3) 


— ^  — > 

16.  As  stated  in  the  above  solution,  the  term  2m  (vml  x  co)  gives  the  normal  reaction  N  from  the  edge  of  the  slot. 
We  have  shown  above  that 


D 

' '  /  at  .  —cot  \ 

r  =  ~(e  +e  ) 


dt  4 
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So  the  normal  reaction  is 

N  =  2m  —{e01'  -  )  x  ©sin 90° 

4 

2 

This  force  is  along  the  y-axis.  Hence 

A  mR(o  /  Wf  \ 

N  =  — - — \e  -e  )j 

The  normal  reaction  exerted  by  the  bottom  of  the  slot  =  mgk  .  Hence  the  net  normal  reaction  from  the  slot  is 

“ >  — »  /V 

N„et  =  N+  mg  k 

=  rnR^{em  -e-‘0,)j  + mgk 

So  option  (d)  is  correct. 

17.  Since  the  lower  plate  is  connected  to  the  positive  terminal  of  HV,  the  balls  wil  acquire  a  positive  charge  and 
hence  they  will  be  attracted  by  the  upper  plate  which  is  connected  to  the  negative  terminal  of  HV.  On  reaching 
the  upper  plate  the  balls  will  acquire  a  negative  charge  and  hence  they  will  be  attracted  by  the  lower  plate  and 
so  on.  Thus  the  balls  will  oscillate  between  the  two  plates.  At  any  distance  r  from  a  plate,  the  force  experienced 
by  a  ball  is  proportional  to  Hr2  .  Thus  the  restoring  force  is  not  proportional  to  r.  Hence  the  motion  is  not 
simple  harmonic.  So  the  correct  option  is  (a). 

18.  If  all  the  balls  acquire  the  same  charge  q  then 

_  q 
An  r 

=>  q  =  An  s0  rV0  ...(1) 

If  E  is  the  electric  field  between  the  plates, 

E 

—  =  p.d.  between  plates 
=  V0-(-V0)  =  2V0 

=>  E  =  2  hV0 

If  m  is  the  mass  of  each  ball,  the  acceleration  is 

a 

Using  (1)  and  (2)  we  get 


qE  2qh  V0 


m  m 


8  n  e0  rh  V0~ 


•(2) 


a 


m 
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Time  taken  by  a  ball  to  reach  the  other  plate  is 


t  = 


m 


1  m 


a  v  4;r  e0  rV„  V0  V  4 n  e0  r 


If  there  are  n  balls,  the  average  current  is 


nq  .  2 

1  =  —  =  «x4i6,  rv(.  x 

x av  ^  u  u 


At:  e0  r 


m 


Thus  In  cc  Vq,  which  is  option  (c). 
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SECTION  -  I 

Multiple  Choice  Questions  will  ONE  or  MORE  THAN  ONE  correct  options. 


1.  A  block  of  mass  M  has  a  circular  cut  with  a 
frictionless  surface  as  shown.  The  block  rests  on 
the  horizontal  frictionless  surface  of  a  fixed  table. 
Initially  the  right  edge  of  the  block  is  at  x  =  0, 
in  a  co-ordinate  system  fixed  to  the  table.  A  point 
mass  m  is  released  from  rest  at  the  topmost  point 
of  the  path  as  shown  and  it  slides  down.  When 
the  mass  loses  contact  with  the  block,  its  position 
is  x  and  the  velocity  is  v.  At  that  instant,  which 
of  the  following  options  is/are  correct? 


(a)  The  velocity  of  the  point  mass  m  is: 

2  gR 

,  m 
1  +  — 

M 

(b)  The  velocity  of  the  block  M  is: 

M 

(c)  The  position  of  the  point  mass  is: 
mR 

M  +  m 

(d)  The  x  component  of  displacement  of  the  center 

yyiR 

of  mass  of  the  block  M  is: - 

M  +  m 

2.  In  the  circuit  shown,  L  =  lpH,  C  =  1  pF  and 
R  =  1  k£2.  They  are  connected  in  series  with  an 
a.c.  source  V  =  V0  sin  cot  as  shown.  Which  of  the 
following  options  is/are  correct? 


£  =  1  (xH  C  =  1  nF  i?=lk£2 

I — atct? — ii - wwv — 

0  V„  sinew 


(a)  At  co  ~  0  the  current  flowing  through  the 
circuit  becomes  nearly  zero 

(b)  At  co  5s>  1 06  rad.  s  ',  the  circuit  behaves  like 
a  capacitor 

(c)  The  frequency  at  which  the  current  will  be  in 
phase  with  the  voltage  is  independent  of  R 

(d)  The  current  will  be  in  phase  with  the  voltage 
if  co  =  104  rad.  s_I 

3.  A  block  M  hangs  vertically  at  the  bottom  end  of 
a  uniform  rope  of  constant  mass  per  unit  length. 
The  top  end  of  the  rope  is  attached  to  a  fixed  rigid 
support  at  O.  A  transverse  wave  pulse  (Pulse  I)  of 
wavelength  A0  is  produced  at  point  O  on  the  rope. 
The  pulse  takes  time  Toa  to  reach  point  A.  If  the 
wave  pulse  of  wavelength  A0  is  produced  at  point 
A  (Pulse  2)  without  disturbing  the  position  of  M 
it  takes  time  Tao  to  reach  point  O.  Which  of  the 
following  options  is/are  correct? 


& 


Pulse  1 


A 


_  ra  Pulse  2 
M 


(a)  The  velocities  of  the  two  pulses  (Pulse  1  and 
Pulse  2)  are  the  same  at  the  midpoint  of  rope 

(b)  The  velocity  of  any  pulse  along  the  rope  is 
independent  of  its  frequency  and  wavelength 

(c)  The  wavelength  of  Pulse  1  becomes  longer 
when  it  reaches  point  A 

(d)  The  time  TAO  =  T0A 
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4. 


5. 


A  flat  plate  is  moving  normal  to  its  plane  through 
a  gas  under  the  action  of  a  constant  force  F.  The 
gas  is  kept  at  a  very  low  pressure.  The  speed  of 
the  plate  v  is  much  less  than  the  average  speed 
u  of  the  gas  molecules.  Which  of  the  following 
options  is/are  true? 

(a)  The  pressure  difference  between  the  leading 
and  trailing  faces  of  the  plate  is  proportional 
to  uv 

(b)  The  plate  will  continue  to  move  with  constant 
non-zero  acceleration,  at  all  times 

(c)  At  a  later  time  external  force  F  balances  the 
resistive  force 

(d)  The  resistive  force  experienced  by  the  plate 
is  proportional  to  v 

A  human  body  has  a  surface  area  of  approximately 
The  normal  body  temperature  is  10  K  above 


surrounding  room  temperature  T{].  Take 


6. 


1  ra¬ 
the 

the  room  temperature  to  be  T0  =  300K.  For 
T0  =  300  K,  the  value  of  cJ04  =  460  WnT2  (where 
<7  is  the  Stefan-Boltzmann  constant).  Which  of  the 
following  options  is/are  correct? 

(a)  Reducing  the  exposed  surface  area  of  the  body 
(e.g.  by  curling  up)  allows  humans  to  maintain 
the  same  body  temperature  while  reducing  the 
energy  lost  by  radiation 

(b)  If  the  body  temperature  rises  significantly  then 
the  peak  in  the  spectrum  of  electromagnetic 
radiation  emitted  by  the  body  would  shift  to 
longer  wavelengths 

(c)  The  amount  of  energy  radiated  by  the  body 
in  1  second  is  close  to  60  Joules 

(d)  If  the  surrounding  temperature  reduces  by 
a  small  amount  AT0  «  T0,  then  to  maintain 
the  same  body  temperature  the  same  (living) 
human  being  needs  to  radiate  AW  =  4crT0AT0 
more  energy  per  unit  time 

For  an  isosceles  prism  of  angle  A  and  refractive 
index  g,  it  is  found  that  the  angle  of  minimum 
deviation  Sm  =  A.  Which  of  the  following  options 
is/are  correct? 

(a)  At  minimum  deviation,  the  incident  angle 
i j  and  the  refracting  angle  rl  at  the  first 
refracting  surface  are  related  by  rx  =  (z',/2) 


1  i 

angle  of  prisms  are  related  as  A=  —cos 


(b)  For  this  prism,  the  refractive  index  g  and  the 

(c)  For  the  angle  of  incidence  ii  =  A,  the  ray 
inside  the  prism  is  parallel  to  the  base  of  the 
prism 

(d)  For  this  prism,  the  emergent  ray  at  the  second 
surface  will  be  tangential  to  the  surface  when 
the  angle  of  incidence  at  the  first  surface  is 


Z|  =  sm 


sinzl, /4cos2 - 1  —  cos  A 


7.  A  circular  insulated  copper  wire  loop  is  twisted  to 
form  two  loops  of  area  A  and  2 A  as  shown  in  the 
figure.  At  the  point  of  crossing  the  wires  remain 
electrically  insulated  from  each  other.  The  entire 
loop  lies  in  the  plane  (of  the  paper).  A  uniform 
magnetic  field  B  points  into  the  plane  of  the 
paper.  At  t  =  0,  the  loop  starts  rotating  about  the 
common  diameter  as  axis  with  a  constant  angular 
velocity  co  in  the  magnetic  field.  Which  of  the 
following  options  is/are  correct? 


(a)  The  amplitude  of  the  maximum  net  emf 
induced  due  to  both  the  loops  is  equal  to  the 
amplitude  of  maximum  emf  induced  in  the 
smaller  loop  alone 

(b)  The  rate  of  change  of  the  flux  is  maximum 
when  the  plane  of  the  loops  is  perpendicular 
to  plane  of  the  paper 

(c)  The  net  emf  induced  due  to  both  the  loops  is 
proportional  to  cos  cot 

(d)  The  emf  induced  in  the  loop  is  proportional 
to  the  sum  of  the  areas  of  the  two  loops 
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SECTION  2 

Single  Digit  Integer  Answer  Questions 


8.  An  electron  in  a  hydrogen  atom  undergoes  a 

transition  from  an  orbit  with  quantum  number  n[ 

to  another  with  quantum  number  Vt  and  V,  are 

respectively  the  initial  and  final  potential  energies 
v. 

of  the  electron.  If  — =  6.25.  then  the  smallest 
possible  nr  is _ _ _ . 

9.  A  monochromatic  light  is  travelling  in  a  medium 
of  refractive  index  n  =  1.6.  It  enters  a  stack  of 
glass  layers  from  the  bottom  side  at  an  angle  6  = 
30°.  The  interfaces  of  the  glass  layers  are  parallel 
to  each  other.  The  refractive  indices  of  different 
glass  layers  are  monotonically  decreasing  as  nm= 
n  -  mAn.  where  nm  is  the  refractive  index  of  the 
77?th  slab  and  An  =  0.1  (see  the  figure). 


The  ray  is  refracted  out  parallel  to  the  interface 
between  the  {m  -  l)th  and  mb  slabs  from  the  right 
side  of  the  stack.  What  is  the  value  of  ml 


10.  131/  is  an  isotope  of  Iodine  that  /3  decays  to  an 
isotope  of  Xenon  with  a  half-life  of  8  days.  A  small 
amount  of  a  serum  labelled  with  131/  is  injected 
into  the  blood  of  a  person.  The  activity  of  the 
amount  of  131/  injected  was  2.4  x  105  Becquerel 
(Bq).  It  is  known  that  the  injected  serum  will  get 
distributed  uniformly  in  the  blood  stream  in  less 
than  half  an  hour.  After  11.5  hours,  2.5  ml  of 
blood  is  drawn  from  the  person’s  body,  and  gives 
an  activity  of  115  Bq.  The  total  volume  of  blood 
in  the  person’s  body,  in  liters  is  approximately, 
(you  may  use  ex  ~  1  +  x  for  |  x  |  «  1  and  In  2 
~  0.7). 

11.  A  stationary  source  emits  sound  of  frequency  f0 
=  492  Hz.  The  sound  is  reflected  by  a  large  car 
approaching  the  source  with  a  speed  of  2  ms-1. 
The  reflected  signal  is  received  by  the  source 
and  superposed  with  the  original.  What  will  be 
the  beat  frequency  of  the  resulting  signal  in  Hz? 
(Given  that  the  speed  of  sound  in  air  is  330  ms1 
and  the  car  reflects  the  sound  at  the  frequency  it 
has  received). 

12.  A  drop  of  liquid  of  radius  R  =  10~2m  having 

surface  tension  S  =  Nrn  1  divides  itself  into 
4tc 

K  identical  drops.  In  this  process  the  total  change 
in  the  surface  energy  AU  =  10~3  J.  If  K  =  10“  then 
the  value  of  a  is 


SECTION  3 
Matching  Type  Questions 

Answer  Q.13,  Q.14  and  Q.15  by  appropriately  matching  the  information  given  in  the  three  columns  of  the 
following  table. 

A  charged  particle  (electron  or  proton)  is  introduced  at 
the  origin  (x  =  0,  y  =  0,  z  =  0)  with  a  given  initial 
velocity  v  .  A  uniform  electric  field  E  and  a  uniform 

magnetic  field  B  exist  everywhere.  The  velocity  v  , 


electric  field  E  and  magnetic  field  B  are  given  in 
columns  1,  2  and  3,  respectively.  The  quantities  E0,  B(] 
are  positive  in  magnitude. 
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Column  1 

Column  2 

Column  3 

(I) 

_  J?  , 

Electron  with  v  =  2—x 

B0 

(i)  E 

=  E0z 

(P)  B  =-B0x 

(II) 

E0  • 

Electron  with  v  =  — V 

Bo 

(ii)  E 

=  ~Eo  y 

(Q)  B  =  B0x 

(HI) 

Proton  with  v  =  0 

(hi)  E 

=  -E0x 

(R)  B  =  B0y 

(IV) 

^  E 

Proton  with  v  =  2—x 

B0 

(iv)  E 

=  E0x 

(S)  B  =  B0z 

13.  In  which  case  will  the  particle  move  in  a  straight 
line  with  constant  velocity? 

(a)  (IV)  (i)  (S)  (b)  (III)  (ii)  (R) 

(c)  (III)  (iii)  (P)  (d)  (II)  (hi)  (S) 

14.  In  which  case  would  the  particle  move  in  a  straight 
line  along  the  negative  direction  of  y-axis  (i.e., 
move  along  -y )? 

(a)  (III)  (ii)  (P)  (b)  (III)  (ii)  (R) 

(c)  (IV)  (ii)  (S)  (d)  (II)  (hi)  (Q) 

15.  In  which  case  will  the  particle  describe  a  helical 
path  with  axis  along  the  positive  z  direction? 


(a)  (III)  (hi)  (P)  (b)  (II)  (ii)  (R) 

(c)  (IV)  (ii)  (R)  (d)  (IV)  (i)  (S) 

Answer  Q.16,  Q.17  and  Q.18  by  appropriately 
matching  the  information  given  in  the  three  columns 
of  the  following  table. 

An  ideal  gas  is  undergoing  a  cyclic  thermodynamic  process  in 
different  ways  as  shown  in  the  corresponding  P-  V  diagrams 
in  column  3  of  the  table.  Consider  only  the  path  from 
state  1  to  state  2.  W  denotes  the  corresponding  work  done 
on  the  system.  The  equations  and  plots  in  the  table  have 
standard  notations  as  used  in  thermodynamic  processes. 
Here  y  is  the  ratio  of  heat  capacities  at  constant  pressure 
and  constant  volume.  The  number  of  moles  in  the  gas  in  n. 


Column  1 


Column  2 


Column  3 


(I)  ^2  =  ~E(P2V2  -Pi Vx) 

7-1 


(i)  'sothermal 


(P) 


1  2 

f - ► - 1 


(II)  WX_2=-PV2  +  PV , 


(ii)  'sochoric 


(III)  Wl  ^2  =  0 


(iii)  sobaric 


(IV)  W1  =  -nRT  In 


(VA 

UJ 


(iv) 


\diabatic 


(S) 
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16.  Which  of  the  following  options  is  the  only  correct 
representation  of  a  process  in  which  AU  =  A Q  - 
PAV  ? 

(a)  (II)  (iv)  (R)  (b)  (III)  (hi)  (P) 

(c)  (II)  (hi)  (P)  (d)  (II)  (hi)  (S) 

17.  Which  one  of  the  following  options  correctly 
represents  a  thermodynamic  process  that  is  used 
as  a  correction  in  the  determination  of  the  speed 
of  sound  in  an  ideal  gas? 

(a)  (I)  (iv)  (Q)  (b)  (III)  (iv)  (R) 

(c)  (I)  (ii)  (Q)  (d)  (IV)  (ii)  (R) 

18.  Which  one  of  the  following  options  is  the  correct 


combination? 

(a)  (IV)  (ii)  (S) 

(b)  (III)  (ii)  (S) 

(c)  (II)  (iv)  (R) 

(d)  (II)  (iv)  (P) 

ANSWERS  KEY 

1.  (a),  (d) 

2.  (a),  (c) 

3.  (a),  (b),  (d) 

4-  (a),  (c),  (d) 

5.  (a),  (c),  (d) 

6-  (a),  (c),  (d) 

7.  (a),  (b) 

8.  5 

9.  8 

10.  5 

11.  6 

12.  6 

13.  (d) 

14.  (b) 

15.  (d) 

16.  (c) 

17.  (a) 

18.  (b) 

SOLUTIONS 

1.  Let  V  be  the  velocity  of  the  block  when  mass  m 
loses  contact  with  the  block  (see  figure). 


m  R 


Since  no  net  external  force  acts  on  the  system,  the 
momentum  is  conserved,  i.e., 
mv 

MV  =  mv  =>  V  =  - 

M 

From  conservation  of  energy, 


Loss  in  gravitational  P.E.  of  m  =  gain  in  K.E.  of 
M  +  gain  in  K.E.  of  m 

1  ,  1  , 

=>  men  =  —  MV  +  —  mv 
2  2 


mgR 


=  ImM2  +  I 


2  gR  =  1  + 


V  M 
m 


mv 


M 


v 


V  = 


2  gR 


1  + 


m 

M 


Hence,  option  (a)  is  correct. 


m  m 

V  =  — v  = — 
M  M 


2  gR 


1  +  - 


M 


along  negative  x-direction.  So  option  (b)  is 
incorrect. 


Let  Ax  be  the  displacement  of  the  centre  of  mass 
of  m  and  AX  be  the  displacement  of  the  centre  of 
mass  of  the  block  of  mass  M.  Since  no  external 
force  acts  on  the  system,  its  centre  of  mass  has 
no  net  displacement,  i.e., 
mAx  +  MAX  =  0 


=>  m  (R  -  x)  +  M(--x)  =  0 


=>  x  = 


mR 
m  +  M 


Hence,  option  (d)  is  correct. 

Now,  Ax  =  R  -  x 

mR  _  MR 

—  l\  — - - 

m+M  M +m 

Final  position  of  m  =  0  -  x 

_  MR  _  mR 

M  +  m  M  +  m 

Hence,  option  (c)  is  incorrect. 

2.  Capacitative  reactance  Xc  =  — ^  and  inductive 
reactance  XL  =  col. 

At  co  =  0,  Xc  — >  co  and  XL  =  0.  Hence  the  current 
flowing  through  the  circuit  is  nearly  zero.  So 
option  (a)  is  correct.  When  co»  106  rad  s_1,  Xc 
—>  0  and  XL  »  1 .  Thus  the  circuit  does  not  behave 
like  a  capacitor  and  option  (b)  is  incorrect. 
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The  current  will  be  in  phase  with  voltage  at 
resonant  frequency  i.e.  when  XL  =  Xc  or  coL  = 

—  =>  (O  =  ,  =  which  is  independent  of  R.  So 

coc  *JLC 

option  (c)  is  correct.  The  resonant  frequency  is 

w  =  i —  =  I  =  =  1 06  rad  s~! 

VTC  y(l  x  10-6)  x  (1  x  1(T6) 

So  option  (d)  is  incorrect. 

3.  Mass  of  rope  is  m  =  pL  where  ju  is  the  mass  per 
unit  length  of  the  rope  and  L  is  its  length.  The 
velocity  of  a  pulse  is  given  by 


where  T  is  the  tension.  Since  the  rope  has  a  finite 
mass,  the  tension  will  not  be  the  same  at  points 
on  the  rope.  At  A  the  tension  is  TA  =  Mg  and  at 
O,  the  tension  is  T0  =  (M  +  m)g.  At  the  mid-point, 

the  tension  islM  +  —  Jg  which  is  the  same  for 

both  pulses.  Hence  pulses  1  and  2  have  the  same 
velocity  at  the  mid-point,  so  option  (a)  is  correct. 
Since  q  is  constant  and  T  has  nothing  to  do  with 
wavelength  or  frequency,  the  velocity  of  any  pulse 
along  the  rope  is  independent  of  wavelength  and 
frequency. 

So  option  (b)  is  correct. 

Since  v  =  vX 

A  =  —  =  — 

V  V 

The  frequency  V  of  the  pulse  cannot  change  as 
it  depends  only  on  the  frequency  of  the  source 
producing  the  pulse  and  since  q  is  also  constant, 

^  oc  V7 

a2 

Since  the  tension  decreases  as  we  go  from  O  to  A, 
the  velocity  of  pulse  1  decreases  as  it  travels  from 
O  to  A.  So  the  wavelength  of  pulse  1  becomes 
shorter  when  it  reaches  point  A.  Hence  option  (c) 
is  incorrect. 

Since  the  average  speed  of  each  pulse  is  the  same, 
the  time  taken  for  pulse  1  to  go  from  O  to  A  = 
time  taken  for  pulse  2  to  go  from  A  to  O.  So 
option  (d)  is  correct.  Thus  the  correct  options  are 
(a),  (b)  and  (d). 


4.  Let  m  be  the  mass  of  each  molecule.  Let  velocity 
directed  to  the  right  be  taken  as  positive  and 
velocity  to  the  left  be  taken  as  negative. 


The  rate  of  change  of  momentum  of  a  molecule 
due  to  collision  with  face  1  is 
Ap]  =  Momentum  after  collision  -  momentum 
before  collision 
=  —m(u  —  2v)  —  m{u  +  2v) 

=  -  mu  +  2mv  —  mu  —  2mv 
=  —2m  (m  +  v)  directed  to  the  left 
The  rate  of  change  of  monentum  of  a  molecule 
due  to  collision  with  face  2  is 

Ap2  =  m  ( u  +  2v)  -  {-mu) 

=  2m  (u  -  v )  directed  to  the  right 
Let  Tj  and  T2  be  the  time  of  collision  with  face  1 
and  2  respectively.  Then  the  forces  on  face  1  and 

A p,  A/?i 

on  face  2  will  be  proportional  to  -  and  — — 

T1  T2 

Let  and  R2  be  the  number  of  collisions  per  unit 

1 

time  with  faces  1  and  2  respectively,  the  R{cc  — 

Ti 

and  oc  — .  If  Fx  and  F~,  are  the  magnitudes  of 

forces  on  faces  1  and  2,  then 

F\  x  R  \APi\ 

or  F j  oc  Rl  A  px  and  F2  cc  R2  A p2 
Now  f?[Oc  {u  +  v)  and  R2  x  {u  -  v).  Hence 
Fx  x  2m  (u  +  v )2  and 
F2  x  2m  (u  -  v )2 

.'.  Net  Force  acting  on  the  plate  is 
F  x  F1-F2 

x  2m  (u  +  v )2  -  2m  (u  -  v )2 
or  F  x  Smuv 

Thus  F  x  uv.  So  option  (a)  is  correct. 

Now  F  x  v.  Hence  the  plate  will  accelerate  and 
will  eventually  acquire  a  terminal  velocity  because 
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the  gas  will  tend  to  reduce  the  velocity  until  its 
acceleration  becomes  zero.  Hence  choice  (c)  is 
correct. 

Froms  Stokes’  law,  it  follows  that  for  small 
velocities  the  resistive  force  experienced  by  the 
plates  is  proportional  to  its  velocity  v.  So  option 
(d)  is  correct.  Thus  the  correct  options  are  (a),  (c) 
and  (d). 

5.  Assuming  that  human  body  behaves  as  a  block 
body,  the  heat  energy  radiated  per  second  from 
its  surface  is 

Q=  oA  (T4-T4), 
a  =  Stefan’s  constant 


A  =  exposed  surface  area  of  the  body 
For  small  temperature  difference 

AT  =  T  -  T0  ^  T  =  T0  +  AT 

Q=oA  [(r0  +  AT)4  -  r04] 

AT 


=  aA 


=  oA 


1  +  - 


zo  y 


1  +  - 


4AT 


'o 


or  Q  =  4crA  T0 4  AT 

It  follows  that  Q  decreases  with  decrease  in  A.  So 
option  (a)  is  correct. 

From  Wien’s  displacement  law,  it  follows  that  the 
peak  of  the  graph  of  Q  versus  A  shifts  to  shorter 
wavelength  if  the  temperature  T  rises.  So  option 
(b)  is  incorrect. 

Q  =  4  a4  T03  AT  =  4  aA  T03  (T  -  T0) 


=  {oT04)  x  4  Ax 


=  460  x  4  x  1  x 


- 1 


310 

300 


—  1 


=  61.3  Js_1  (or  W) 

So  option  (c)  is  correct. 

If  Tq  decreases  to  T0  -  A T0,  the  heat  energy 
radiated  per  second  is  given  by 


Q'  maAil4-  (T0  -  Ar0)4] 


or 


=  aA 


T4  -  Tn 


1  — 


'o 


=  aA 


4AT0 

T0 


x 


or  Q'  =  oA  [I4  -  Tq  +  4T03Ar0] 

=  Q  +  4aA  TqATq 

Thus  to  maintain  the  same  temperature  T,  Q'  must 
be  greater  than  Q.  So  option  (d)  is  correct.  Hence 
the  correct  options  are  (a),  (c)  and  (d). 

6.  Refer  to  the  following  figure. 


8=  I,  +  i2  —  A  and  rx  +  r2=  A 

For  minimum  deviation,  il  =  i2  and  rx  =  r2.  Hence 

Sm  =2 it  -  A  and  2r,  =  A 

Given  Sm  =  A.  Hence 

A  =  2i,  —  A  —>  z'j  =  A  =  2rx  rx  =  ^ 


So,  option  (a)  is  correct. 
From  Snell’s  law, 
sin  z'j  =  sin  rx 


A 

2 


So  option  (b)  is  incorrect. 

At  minimum  deviation,  the  ray  inside  the  prism 
is  parallel  to  the  base.  So  option  (c)  is  correct. 
Applying  Snell’s  to  the  second  refraction. 
fl  sin  r2  =  sin  i2 
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For  tangential  emergence,  i2  =  90°.  Hence 
Tisin  r2  =  1 


Now,  rx  =  A  -  r2 

sin  rx  =  sin  ( A  -  r2)  =  sin  A  cos  r2  -  cos  A  sin 


=  (sin  A)  -  (cos  A)  — 

A  A 

From  Snell’s  law  applied  at  the  first  refraction, 
sin  ix  =  fj,  sin  rx 

=>  sin  rx  =  sin  (A)  ( jJ, 2  -  1)1/2  -  cos  A 


or  i,  =  sin 


sin,4j4cos2|  —  I  -1-cosH 


So  option  (d)  is  correct.  Thus  the  correct  options 
are  (a),  (c)  and  (d). 

At  any  time  t,  the  area  vector  of  each  loop  makes 
an  angle  9  =  cot  with  B.  The  instantaneous 
magnetic  flux  in  loop  1  is  <j)x  =  BA  cos  cot  and  in 
loop  2  is  02  =  B(IA)  cos  cot.  The  magnitudes  of 
induced  emfs  in  loops  1  and  2  are 
dcj> i 


£i  = 


and 


= 


dt 


d  02 


dt 


=  BA  co  sin  cot 


=  2  BAco  sin  cot 


The  net  instantaneous  flux  is  (because  the  two 
emfs  oppose  each  other) 

£net  =  IBAco  sin  cot  -  BAco  sin  cot 
=  BAco  sin  cot 

The  amplitude  of  the  £net  =  BAco  which  is  equal 
to  that  due  to  loop  1  alone.  So  option  (a)  is  correct. 
n 

When  9  =  — ,  £net  is  maximum.  So  option  (b)  is 

correct.  £net  is  proportional  to  sin  rot.  So  option  (c) 
is  incorrect.  Option  (d)  is  incorrect  because  the 
orientation  of  the  loop  is  such  that  ex  and  e2  oppose 
each  other.  Hence  £net  is  proportional  to  the 
difference  in  areas.  So  the  correct  options  are  (a) 
and  (b). 

8.  Foe  -L.  So 


/  \2 
(nf 


vf 


r , 


or 


6.25  = 


\2 


1L-  2,5  =  2 

n,  2 


So  the  smallest  integral  value  of  «7  =  5 
9.  The  refractive  index  of  layers  decreases  by  a 
constant  amount  An  as  we  go  from  lower  to  upper 
layers.  For  total  reflection  at  the  interface  between 
the  (m  -  l)th  and  mth  layers,  we  have  (v  n  sin0 
=  constant) 

n  sin  9  =  (n  -  m  A  ri)  sin  90  0 
=>  1.6  x  sin  30°  =  1.6  -  mAn 

0  8 

=>  0.8  =  1.6  -  Tn  x  0.1  =>  m  =  — —  =  8 

0.1 

10.  Activity  R  =  RQe~M  where  the  decay  constant  A  is 
given  by 

X  =  T=  half  life 

T 

ln(2)  .  0.7 

=  -  per  day  =  - per  day 


f  =12  hours  =  —day.  So 
2 

0.7  1  0.7 

R  =  R0e  =R0e ^ 
Using  e  =  1  +  x,  we  get 
0.7 


R  =  i?0|  1-—  I  =  R0  x  — 
01  16 )  0  16 


2.4  x10s  x  15.3 
16 

=  2.3  x  105  Bq 

Now,  V  litre  is  the  volume  of  the  blood,  then 

 R  x  2.5  x  10~3 
F 

 2.3  x10s  x  2.5  x!0~3 
F 

=>  F  =  5  litre 
11.  Apparent  frequency  is 
( 330  +  2 


x  492  =  498  Hz 


.330-2, 

.•.  Beat  frequency  =  498  -  492  =  6  Hz 
12.  Let  r  be  the  radius  of  each  small  drop.  Since  the 
total  volume  remains  constant, 

=  K  X  =>  Rl  =  KP 

3  3 
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Initial  P.E.  is 
U{  =  S  x  4  n  R2 
Final  P.E.  is 

U{=  KSx  4  nr2 
AU=  U{-  U i 

=>  10  3  =  KS  x  4  nr1  -  5  x  4  nR2 
=  \nS(Kr  -  R2) 


=  4  nSR- 


Kr 
V  R2 


-1 


=  4;rS7?2  (km  -  1) 


(v  R3  =  Kr 3) 


or  1(T3  =  4nSR 1  \io3  -lj  (v  K  =  10“) 

Substituting  the  given  values  of  S  and  R  and 
solving  we  get 

a  -  6 

13.  The  charged  particle  will  move  in  a  straight  line 
with  a  constant  velocity  if  no  net  force  acts  on  it, 
i.e.  if  magnetic  force  =  electrical  force  or 
qvB  =  qE 
E 

=>  v  =  — 

B 

The  electric  and  magnetic  field  must  be 
perpendicular  to  each  other. 

-  En  • 

If  the  particle  is  an  electron,  then  =  v  =  — y  if 


Bn 


E  =  -E0x  and  B  =  B0z 
In  this  case  FB  =  q(vxB) 


(  Ea 


=  -e 


\  B, 


— yxB0z\  =-eE0x 


and  Fe  =  q E  =  —  e  X  iy—E^x]  =  eE0x 

So  the  correct  choices  are  (II),  (ii)  and  (S)  which 
is  option  (d). 


14.  If  v  =  0,  the  proton  will  move  along  the  negative  y 
direction  if  E  is  along  negative  y  direction 
because  if  v  =  0,  magnetic  force  is  zero  or  parallel 


or  antiparallel  to  E .  So  the  correct  choices  are 
(III),  (ii)  and  (R)  which  is  option  (b). 

15.  The  proton  will  describe  a  helical  path  with 

V 


velocity  v  =  2 


f  E,  ' 


\Bq  j 


x  if  E  =  E0  z  and  B  =  B0z 


because  then  FE  will  be  along  the  +z  axis  and 


Fb  will  be  along  —y  axis,  so  the  correct  choices 
are  (IV),  (i)  and  (S)  which  is  option  (d). 

16.  Since  W  represents  work  done  on  the  gas,  it  is 
negative.  For  an  isobaric  process  =  (P  =  constant), 

v2 

W=-  j  PdV  =  -  p \dV  =  P  (  j/j  _  jz2), 

h 

which  is  (II). 

For  an  isobaric  process,  the  P-V  graph  is  parallel 
to  the  E-axis  which  is  option  (P).  No  other 
combination  is  possible.  So  the  correct  choices 
are  (II),  (iii)  and  (P),  which  is  option  (c). 

17.  Laplace  gave  the  correct  formula  for  the  speed  of 
sound  in  a  gas.  He  corrected  Newton’s  formula  by 
assuming  that  the  propagation  of  sound  in  a  gas 
is  an  adiabatic  process  for  which 

1 

W=  — — j-  (P2V2  -  P\V\)  which  is  choice  (I).  Also 

choice  (iv)  is  correct.  In  option  (Q),  process 
1  — 2  is  adiabatic.  So  the  correct  option  is  (a). 

18.  Option  (a)  is  incorrect  because  process  1  — >  2  is 
isochoric  for  which  W  =  0.  Choice  (c)  is  incorrect 
because  W=  P  (V{  -  V2)  is  wrong  for  an  adiabatic 
process.  For  the  same  reason  choice  (d)  is  also 
incorrect.  Hence  the  only  correct  option  is  (b). 
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SECTION  -  I 

Multiple  Choice  Questions  having  ONLY  ONE  correction  option. 


1.  A  photoelectric  material  having  work  function  <j>0  is 

f  he A 

illuminated  with  light  of  wavelength  A  A  <  — 


The  fastest  photoelectron  has  a  de  Broglie  wave¬ 
length  Xd.  A  change  in  wavelength  of  the  incident 
light  by  AA  results  in  a  change  AA(/  in  Xd.  Then 
the  ratio  AXJAd  is  proportional  to: 

(a)  A^/A2  (b)  A^/A2 

(c)  Xd/X  (d)  A^/A 

2.  Three  vectors  P ,  Q  and  R  are  shown  in  the 
figure.  Let  S  be  any  point  on  the  vector  R  .  The 
distance  between  the  points  P  and  S  is  b  \  R  |.  The 
general  relation  among  vectors  P ,  Q  and  S  is: 


(c)  5  =  (1  -b)P  +bQ 

(d)  5  =  (b-  l)P  +  b2Q 

3.  A  symmetric  star  shaped  conducting  wire  loop  is 
carrying  a  steady  state  current  /  as  shown  in  the 
figure.  The  distance  between  the  diametrically  op¬ 
posite  vertices  of  the  star  is  4 a.  The  magnitude  of 
the  magnetic  field  at  the  centre  of  the  loop  is: 


(a) 

^o/6[V3  1] 

(b) 

Ana 

(c) 

^o/6[V3+l] 

Ana 

(d) 

Mo/3[V3-1] 
3[2-V3] 


4^0 

Pol 


Ana 

4.  Consider  regular  polygons  with  number  of  sides  n 
=  3,  4,  5...  as  shown  in  the  figure.  The  centre  of 
mass  of  all  the  polygons  is  at  height  h  from  the 
ground.  They  roll  on  a  horizontal  surface  about 
the  leading  vertex  without  slipping  and  sliding  as 
depicted.  The  maximum  increase  in  height  of  the 
locus  of  the  centre  of  mass  for  each  polygon  is 
A.  Then  A  depends  on  n  and  h  as: 


(c)  A  =  h  tan2  (  —  |  (d)  A =h 

\2n 


cos 

\n  ) 

-1 


5.  Consider  an  expanding  sphere  of  instantaneous 
radius  R  whose  total  mass  remains  constant.  The 
expansion  is  such  that  the  instantaneous  density  p 
remains  uniform  throughout  the  volume.  The  rate 

(  1  dp ^ 


of  fractional  change  in  density 


p  dt 


is  con¬ 


stant.  The  velocity  v  of  any  point  on  the  surface 
of  the  expanding  sphere  is  proportional  to: 


(a)  R 
(c)  *3 


,2/3 


(b)  R 

(d)  I 

R 


6.  A  person  measures  the  depth  of  a  well  by  measur¬ 
ing  the  time  interval  between  dropping  a  stone  and 
receiving  the  sound  of  impact  with  the  bottom  of 
the  well.  The  error  in  his  measurement  of  time  is 
8T  =  0.01  seconds  and  he  measures  the  depth  of 
the  well  to  be  L  =  20  meters.  Take  the  accelera¬ 
tion  due  to  gravity  g  =  10  ms~2  and  the  velocity 
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of  sound  is  300  ms  1 .  Then  the  fractional  error  in 
the  measurement  8L/L,  is  closest  to: 

(a)  0.2%  (b)  5% 

(c)  1%  (d)  3% 

7.  A  rocket  is  launched  normal  to  the  surface  of  the 
Earth,  away  from  the  Sun,  along  the  line  joining 
the  Sun  and  the  Earth.  The  Sun  is  3  x  10s  times 
heavier  than  the  Earth  and  is  at  a  distance  2.5  x 
104  times  larger  than  the  radius  of  the  Earth.  The 


escape  velocity  from  Earth’s  gravitational  field  is 
ve  =  11.2  kms~'.  The  minimum  initial  velocity 
(vs)  required  for  the  rocket  to  be  able  to  leave  the 
Sun-Earth  system  is  closest  to 
(Ignore  the  rotation  and  revolution  of  the  Earth 
and  the  presence  of  any  other  planet) 

(a)  y,  =  62  kms  1  (b)  y,  =  42  kms-1 

(c)  vs  =  72  kms-1  (d)  vs  =  22  kms~' 


SECTION  2 

(Multiple  choice  Questions  having  ONE  or  MORE  THAN  ONE  Correct  Options) 


8.  A  source  of  constant  voltage  V  is  connected  to 
a  resistance  R  and  two  ideal  inductors  Lx  and  L2 
through  a  switch  S  as  shown.  There  is  no  mutual 
inductance  between  the  two  inductors.  The  switch 
S  is  initially  open.  At  t  =  0,  the  switch  is  closed 
and  current  begins  to  flow.  Which  of  the  following 
options  is/are  correct? 


i  o-WV - 

o 

o 

O 

o 

o 

Ll  8 
o 

8 

O 

O 

p  j 

r  i 

(a)  At  t  =  0,  the  current  through  the  resistance 

„  .  V 
R  is  — 

R 

(b)  After  a  long  time,  the  current  through  L2,  will 


be 


V  h 

R  Lx  +  L2 


(c)  After  a  long  time,  the  current  through  Lx  will 


be 


V  l2 

R  Lx+  L~) 


(d)  The  ratio  of  the  currents  through  Lx,  and  L2 
is  fixed  at  all  times  ( t  >  0) 

9.  A  point  charge  +Q  is  placed  just  outside  an  imagi¬ 
nary  hemispherical  surface  of  radius  R  as  shown 
in  the  figure.  Which  of  the  following  statements 
is/are  correct? 


(a)  The  electric  flux  passing  through  the  curved 

surface  of  the  hemisphere  is  — — 

2£o 

(b)  The  component  of  the  electric  field  normal  to 
the  flat  surface  is  constant  over  the  surface 

(c)  Total  flux  through  the  curved  and  the  flat 

surfaces  is  &L 

(d)  The  circumference  of  the  flat  surface  is  an 
equipotential  surface 

10.  A  uniform  magnetic  field  B  exists  in  the  region 

3R 

between  x  =  0  and  x  =  1 —  (region  2  in  the  figure) 


pointing  normally  into  the  plane  of  the  paper.  A 
particle  with  charge  +  Q  and  momentum  p  di¬ 
rected  along  x-axis  enters  region  2  from  region  1 
at  point  Px(y  =  —R).  Which  of  the  following 
option(s)  is/are  correct? 


Region  1 


Region  3 


3R/2 


(a)  For  B  = - ,  the  particle  will  enter  region 

13  QR 

3  through  the  point  P2  on  x-axis 
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2  p 

(b)  For  B  > - ,  the  particle  will  re-enter 

3  QR 

region  I 

(c)  For  a  fixed  B,  particles  of  same  charge  Q 
and  same  velocity  v,  the  distance  between  the 
point  Px  and  the  point  of  re-entry  into  region 
1  is  inversely  proportional  to  the  mass  of  the 
particle 

(d)  When  the  particle  re-enters  region  1  through 
the  longest  possible  path  in  region  2,  the 
magnitude  of  the  change  in  its  linear  momen¬ 
tum  between  point  Px  and  the  farthest  point 
from  y-axis  is  pi  y/l 

11.  Two  coherent  monochromatic  point  sources  .S', 
and  S2  of  wavelength  A  =  600  nm  are  placed 
symmetrically  on  either  side  of  the  centre  of  the 
circle  as  shown.  The  sources  are  separated  by  a 
distance  d  =  1.8  mm.  This  arrangement  produces 
interference  fringes  visible  as  alternate  bright  and 
dark  spots  on  the  circumference  of  the  circle.  The 
angular  separation  between  two  consecutive  bright 
spots  is  Ad.  Which  of  the  following  options  is/are 
correct? 


Pi 


(a)  The  total  number  of  fringes  produced  be¬ 
tween  Px  and  P2  in  the  first  quadrant  is  close 
to  3000 

(b)  A  dark  spot  will  be  formed  at  the  point  P2 

(c)  At  P2  the  order  of  the  fringe  will  be  maxi¬ 
mum 

(d)  The  angular  separation  between  two  consecu¬ 
tive  bright  spots  decreases  as  we  move  from 
P  |  and  P2  along  the  first  quadrant 

12.  The  instantaneous  voltages  at  three  terminals 
marked  X,  Y  and  Z  are  given  by 
Vx  =  V0  sin  cot, 

Vv  =  Fq  sin  ^£Uf  +  -^-j  and 
Vz  =  V0  sin  + 

An  ideal  voltmeter  is  configured  to  read  rms  value 
of  the  potential  difference  between  its  terminals. 


It  is  connected  between  points  X  and  Y  and  then 
between  Y  and  Z.  The  reading(s)  of  the  voltmeter 
will  be 

(a)  VTZS  =  V0  ^ 

(b)  V™  =  V0 

(c)  V%  =  V0 

(d)  independent  of  the  choice  of  the  two  termi¬ 
nals 

13.  A  rigid  uniform  bar  AB  of  length  L  is  slipping 
from  its  vertical  position  on  a  frictionless  floor 
(as  shown  in  the  figure).  At  some  instant  of  time, 
the  angle  made  by  the  bar  with  the  vertical  is  0. 
Which  of  the  following  statements  about  its  mo¬ 
tion  is/are  correct? 


A... 


\\  e 


[ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ] 

o 


(a)  The  trajectory  of  the  point  A  is  a  parabola 

(b)  Instantaneous  torque  about  the  point  in  con¬ 
tact  with  the  floor  is  proportional  to  sin  9. 

(c)  The  midpoint  of  the  bar  will  fall  vertically 
downward 

(d)  When  the  bar  makes  an  angle  9  with  the  verti¬ 
cal,  the  displacement  of  its  midpoint  from  the 
initial  position  is  proportional  to  (1  -  cos  9) 

14.  A  wheel  of  radius  R  and  mass  M  is  placed  at  the 
bottom  of  a  fixed  step  of  height  R  as  shown  in  the 
figure.  A  constant  force  is  continuously  applied  on 
the  surface  of  the  wheel  so  that  it  just  climbs  the 
step  without  slipping.  Consider  the  torque  r  about 
an  axis  normal  to  the  plane  of  the  paper  passing 
through  the  point  Q.  Which  of  the  following  op¬ 
tions  is/are  correct? 


s 
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(a)  If  the  force  is  applied  tangentially  at  point 
S  then  t/0  but  the  wheel  never  climbs  the 
step 

(b)  If  the  force  is  applied  normal  to  the  circum¬ 
ference  at  point  P  then  T  is  zero 


(c)  If  the  force  is  applied  normal  to  the  circum¬ 
ference  at  point  X  then  r  is  constant 

(d)  If  the  force  is  applied  at  point  P  tangentially 
then  t  decreases  continuously  as  the  wheel 
climbs 


SECTION  3 


(Paragraph  Based  Questions  having  ONLY  ONE  Correct  Option) 
Paragraph  for  Questions  15-16 


Consider  a  simple  RC  circuit  as  shown  in  Figure  1. 
Process  1  :  In  the  circuit  the  switch  S  is  closed  at 
t  =  0  and  the  capacitor  is  fully  charged  to  voltage  V0, 
(i.e.,  charging  continues  for  time  T  »  RC).  In  the  pro¬ 
cess  some  dissipation  ( ED )  occurs  across  the  resistance 
R.  The  amount  of  energy  finally  stored  in  the  fully 
charged  capacitor  is  Ec. 

Process  2:  In  a  different  process  the  voltage  is  first  set 
to  —  and  maintained  for  a  charging  time  T  »  RC. 


Then  the  voltage  is  raised  to 


without  discharging 


the  capacitor  and  again  maintained  for  a  time  T  »  RC. 
The  process  is  repeated  one  more  time  by  raising  the 
voltage  to  V0  and  the  capacitor  is  charged  to  the  same 
final  voltage  V0  as  in  Process  1.  These  two  processes 
are  depicted  in  Figure  2. 


s 


- v\AMA- 

R 


V 


Fig.  1 


(c)  Ed  =  3CV02  (d)  Ed  =  \[\cv2^ 

16.  In  Process  1,  the  energy  stored  in  the  capacitor 
Ec  and  heat  dissipated  Ed  across  resistance  are 
related  by: 

(a)  Ec  =  —Ed  (b)  Ec  =  2 ED 

(c)  Ec  =  Ed  (d)  Ec  =  Ed  In  2 

Paragraph  for  Questions  17-18 
One  twirls  a  circular  ring  (of  mass  M  and  radius  R) 
near  the  tip  of  one’s  finger  as  shown  in  Figure  1.  In  the 
process  the  finger  never  loses  contact  with  the  inner  rim 
of  the  ring.  The  finger  traces  out  the  surface  of  a  cone, 
shown  by  the  dotted  line.  The  radius  of  the  path  traced 
out  by  the  point  where  the  ring  and  the  finger  is  in  con¬ 
tact  is  r.  The  finger  rotates  with  an  angular  velocity  co0. 
The  rotating  ring  rolls  without  slipping  on  the  outside  of 
a  smaller  circle  described  by  the  point  where  the  ring 
and  the  finger  is  in  contact  (Figure  2).  The  coefficient 
of  friction  between  the  ring  and  the  finger  is  p  and  the 
acceleration  due  to  gravity  is  g. 


17.  The 

will 

(a) 


minimum  value  of  (O0  below  which  the  ring 
drop  down  is  : 


2g 


P(R-r) 


(b) 


g 


p(R-r) 


15.  In  Process  2,  total  energy  Ed  dissipated  across  the 
resistance  is: 


(a)  Ed=  3 1  EcVn2 


(b)  Ed=  i CV{ 2 


(c) 


3g 


2  p(R-r) 


(d) 


g 


2  H(R-r) 
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18.  The  total  kinetic  energy  of  the  ring  is: 

(a)  |  Mco2(R-r)2 

(b)  ^Mco2(R-r)2 

(c)  Meal  (. R  -  rf 

(d)  Ma og  R2 

Answers 
Section  I 


1. 

(a) 

2. 

(c) 

3. 

(a) 

4. 

(d) 

5. 

(b) 

6. 

(c) 

Section 

II 

7. 

(b) 

8. 

(b), 

(c),  (d) 

9. 

(a), 

(d) 

10. 

(a), 

(b) 

11. 

(a), 

(c) 

12. 

(b), 

(d) 

13. 

(b), 

(c),  i 

(d) 

14. 

(b), 

(d) 

Section 

Ill 

15. 

(d) 

16. 

(c) 

17. 

(b) 

18. 

None. 

P+  b  \R\=  S 

=>  b  \R\=  S~P 

It  is  given  in  the  figure  thati?  =  Q-P 
or  P  =  Q-R 

or  P  =  Q  -  -( S-P ) 

b 

=>  S={\-b)P+bQ,  which  is  option  (c). 

3.  Refer  to  the  following  figure. 


Hints  and  Solutions 

1.  If  p  is  the  momentum  of  the  fastest  photoelectron, 
its  K.E.  is 

2 

Kmax  =  —  ;  m  =  mass  of  electron 
2m 


1  f  h  N 
2w 


(V  4=-) 

P 


or 


K  = 


2  m?ij 

From  Einstein’s  photo-electric  equation, 
he 

Y  =  +  ^ 


he 

T 

he  „ 
—  AA  = 
X2 

d  m 

AX 


2  m  Xz 


-  + 


2k 


2  m  X, 


3Md 


(  c  ) 

(  ,3  h 

A  d 

V  2  hm  ) 

U2  J 

AX  X2 


,  which  is  option  (a). 


2.  Applying  triangle  law  to  A  OPS,  S  is  the  resultant 
of  vectors  Rand  b  If?  I,  i.e. 


The  magnitude  of  the  magnetic  field  due  to  one 
segment  PQ  of  the  star  at  the  centre  of  the  loop 
is 


B  =  - 


30° 


Ana 

AV 


sin0  dO 


60° 


Ana 


cos  9 


(cos  30°  -  cos  60°) 

Ana 


LIqI  I — 

-  (V 3-  1)  directed  into  the  page. 

8na 


The  magnitude  of  the  magnetic  field  at  the  centre 
of  the  loop  =  12B  as  all  segments  of  stars  produce 
magnetic  field  directed  into  the  page.  Hence 


BXoov=\2B=  ^(V3-  1) 


=  6 


(>/3-  1) 


So  the  correct  option  is  (a). 

4.  Refer  to  the  following  figure.  For  n-sided  regular 
polygon,  the  angle  subtended  at  the  centre  of  mass 
2 n 
n 
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Centre  of  mass 


n 

—  =  cos  I  —  |  =>  a  = 
a  V  n , 


cos 


(f) 


A  =  a  -  h  = 


cos 


(3 


h  =  h 


cos 

f  n\ 

Kn  J 

-1 


So  the  correct  option  is  (d). 

5.  The  total  mass  of  the  sphere  is  constant.  Thus 


4  nR' 


-  p  =  constant 


frp  =  constant 


or 

Differentiating  with  respect  to  time, 

3 R2p  ^  +  R =  0 
dt  dt 

3R2pv  +  R2  =  0 
^  dt 


or 


v  = 


R  1  dp 
3  p  dt 


1  dp 


It  is  given  that - -  =  constant.  Hence  v  °c  R. 

p  dt 

So  the  correct  option  is  (b). 

6.  Time  taken  for  the  stone  to  reach  the  bottom  of 
the  well  is  given  by 


t  = 


Time  taken  for  sound  to  travel  from  the  bottom 
of  the  well  to  the  observer  is 

t'  =  — ;  v  =  speed  of  sound 
v 

Total  time  taken  is 

T  =  t  +  t'  =  E+- 
V  S  v 

Differentiating  partially  with  respect  to  L 
AT 

AT  V 


12  ( 
=  —x 


1  ^  1 

+  — 
V 


2  4l 


Since  errors  do  not  cancel  each  other. 


AT 
A L 


2 
—  x 


1 


1 

g  "  2JZ  v 


1 


2_ 

10  2  x  V20 


+ 


300 


0.01 

AL 

A L  = 

AL 

L 


1  1 

20  +  300  ~ 
16 
300 

0.01x300 

16 

3  1 

—  x  — 

16  20 


16 

300 


16 


Percentage  error  =  —  x  100  =  —  x  — xlOO 
L  16  20 

=  1^1% 

16 

So  the  correct  option  is  (c). 

7.  Refer  to  the  following  figure. 

SUN  EARTH 


M5  =  3  x  105  Me  me 

The  escape  velocity  for  earth  is 
v  = 


\2GMr 


R, 


=  11.2  kms  (given) 


The  gravitational  potential  energy  of  the  SUN- 
EARTH  system  is  ( m  =  mass  of  the  rocket) 

GM  Em  GMsm 


U  = 


Re 


GM  Em  G  x  3  x\Pr  M  Em 


Re 


GM  Em 


2.5  x  10  fU 


Re 


(1  +  12) 


or 


U=  - 


'■E 

13  GMPm 


Re 


The  minimum  initial  velocity  v  required  for  to 
escape  from  the  sun-earth  system  is  given  by 


1  2  13  GMFm 

—mv"  =  - - — 

2  RP 
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12  GMF 

=>  v  =  V 13  x  - — 

V  A? 

=  Vl3 

=  Vl3  x  11.2 

=  40.4  kms~' 

The  closest  option  is  (b). 

8.  At  time  t  =  0  when  the  switch  S  is  open,  the 
source  of  voltage  is  not  connected  to  the  circuit. 
Hence  no  current  flows  in  the  circuit  at  time  t  = 
0.  So  option  (a)  is  incorrect. 

Immediately  after  the  switch  is  closed,  a  current 
begins  to  flow.  Since  the  inductors  offer  reactance, 
it  takes  some  time  to  grow  to  its  steady  state  value 
=  z'0.  Since  the  inductors  Lx  and  L2  are  connected 
in  parallel,  the  induced  voltage  VL  is  the  same 
across  each  inductor.  If  ix  and  i2  are  the  currents 
through  Lx  and  L2  at  any  time  t  during  the  growth 
of  current,  then 

1/  _  t  dix  _  .  di2 
at  at 

or  Lxdix  =  L2  di2 
=>  Lx  J dix  =  L2  J di2 


So  option  (b)  and  (c)  are  both  correct.  Thus  the 
correct  options  are  (b),  (c)  and  (d). 

9.  The  hemisphere  consists  of  a  curved  surface  of 
radius  R  and  a  flat  (bottom)  surface  which  is  a 
disc  of  radius  R.  Since  the  charge  +  Q  lies  outside 
the  hemisphere,  the  net  electric  flux  (</)c)  through 
the  curved  surface  and  the  flux  ((j),)  through  the 
flat  surface  is  zero,  i.e.. 

<l>c  +  <t>f  =  0  =>  (Pc  =  -  <Pf 

So  option  (c)  is  incorrect. 

To  calculate  flux  through  the  flat  surface  (disc),  we 
divide  the  disc  into  very  small  elements  of  length 
dr.  Consider  one  such  element  at  a  distance  r  from 
the  centre  O  of  the  disc  as  shown  in  the  figure. 


Z,  L-, 

=^>Lxix  =  L2i2  =>  —  =  — ,  which  is  independent 


h  A 

of  time.  So  option  (d)  is  correct. 
Now,  z0  =  z'|  +  i2  or  i2  =  i0  —  ix 


or 


y2_  _  yo _ ^ 


or 


A__fo__  i 


h  = 


Tj  +  L2 


-u  y 


Since,  in  the  steady  state,  the  inductors  offer  no 


reactance,  z'n  =  —  .  Hence 
°  R 


Now, 


R(Lx+L2) 
z2  =  /o  l\ 

-  L  v  Li- 

R  R(Lx+L2 ) 

=  v  A 
R  (A  +  A) 


Electric  Field  due  to  +  Q  at  the  element  is 

E=  -9—  =  _ 

4^£0X2  4  K£0(R2+r2) 


Area  of  element  is  dA  =  2nr  dr.  The  electric  flux 
through  the  flat  surface  is 

R  R  R 

(j)j.=  j  E  ■  dA  =  jEdAcos6=  jEdAx  — 


Q 


R 


o 


n2  ,-X  2m-dr  X  ,  ,  ,,, 

4  neQ{R-+r)  ( R2+r2)11 2 


2  nQR 
Ane. 


rdr 


o  o 


(R2+r2f2 


_  QR 

2e0 

=  0A 
2£q 

=  Q_ 
2en 


1  (R2  +  r2yV2 


2 

1 


Jo 


R  V r2  +  r 2 
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1- 


V2. 


Now  0C  =~  0f=-  -Q- 
2e0  V 

So  option  (a)  is  correct. 

Electric  potential  at  any  point  on  the  circumfer¬ 
ence  of  the  flat  surface  is 

Q _ _  0 


v  = 


1 


4tt£0  s]r2  +  R2  4ne0(j2R) 

which  is  constant.  Hence  the  circumference  of 
the  flat  surface  is  equipotential.  So  option  (d)  is 
correct. 

The  component  of  the  electric  field  normal  to  the 
flat  surface  is 


1 


Q 


47T£n  (R/cosey 


Q cos2 9 
4  k£0R2 


,  which 


varies  with  0  and  is  constant.  So  option  (b)  is 

incorrect.  Thus  the  correct  options  are  (a)  and  (d). 

10.  The  particle  will  describe  a  circle  of  radius  r 

mv  P  •  .  ,  ,  . 

given  by  r  = - = -  m  the  anticlockwise  sense. 

QB  QB 


Option  (a):  If  i?  =  ~ 

rssPxUQR  =  nR 
Q  8  p  8 

Refer  to  the  following  figure.  It  follows  from  the 
figure  that 


—  which  is  equal  to  OP2. 


Hence  the  particle  will  enter  region  3  at  point  P2. 
So  option  (a)  is  correct. 

Option  (b)  The  particle  will  re-enter  region  1  if 
it  describes  a  semicircle  in  region  2  of  r  a  d  i  u  s 


3R  .  p  3R 

r  <  x  i.e.  it  r  <  — ,  i.e.  it  - <  —  or  B  > 

2  QB  2 


3  QR 


.  So  option  (b)  is  also  correct. 

Option  (c):  The  distance  between  R,  and  P  (the 

2,172V 

point  of  re-entry  in  region  1  =  2 r  =  which 


is  directly  proportional  to  m  (for  given  v  and  B). 
So  option  (c)  is  incorrect. 

Option  (d):  The  particle  leaves  region  2  and  re¬ 
enters  region  1  moving  horizontal  along  the  nega¬ 
tive  x  direction  with  momentum  —  p,  it  entered 
region  2  with  momentum  +p.  So  the  change  in 
momentum  =  -  p  -  (+p)  =  -  2 p.  So  option  (d)  is 
incorrect.  Thus  the  correct  options  are  (a)  and  (b). 
11.  Refer  to  the  following  figure. 


At  point  Px,  the  path  difference  is  Ax  =  S]P]  -  S2PX 
=  0.  Hence  there  is  a  bright  fringe  at  Px.  So  option 
(b)  is  incorrect. 


At  point  P2,  Ax  =  SXP2  -  S2P2  =  SXS2  =  d.  There 
will  be  nth  bright  spot  at  P2  if 


or 


n 


d=  nX 

d_  =  1.8  x  1(T3 
2-  600x10  9 


=  3000 


So  there  will  be  3000th  bright  spot  at  P2.  So  op¬ 
tion  (c)  is  correct.  Hence  there  will  be  n  —  1  — 
3000  -  1  =  2999  bright  spots  between  Px  and  P2. 
So  option  (a)  is  correct. 

Let  P  be  the  point  on  the  circle  for  which  angle 
between  OP  and  OP j  is,  say  9.  Assuming  that 
the  circle  has  a  large  radius,  the  path  difference 
at  point  P  is 

Ax  =  d  sin0 


The  rate  of  change  of  path  difference  with  angle 
9  is 


d_ 

d0 


(Ax)  =  d  cos  0, 


which  decreases  will  increase  in  9.  So  the  angu¬ 
lar  separation  between  consecutive  bright  spots 
increases  as  we  go  from  P{  to  P2.  Hence  option 


Physics  Paper  II — 20 1 7  P-II.9 


(d)  is  incorrect.  Thus  the  correct  option  are  (a) 
and  (c). 

12.  When  the  voltmeter  is  connected  between  X  and  Y 


Vxr=  VX~  Vy 


=  Vn  sin  cot  -  Fn  sin  a>t  + 


2k 


=  Fn 


.  (  2n 

sintof  — sin  (ot-\ - 

V  3 


=  2  Fa 


cos 


f  cot  +  —  I  sin  f 


V3x2  (  k 
- — F0cosl  +  — 


K 


=  +  V3  F0  sin  \cot-  — 


Maximum  value  of  Vxy  =  V3F0 
V3F0 


.'.  rms  value  of  F^y  = 

v2 


.  So  option  (b)  is  correct 


and  option  (c)  is  incorrect. 

When  the  voltmeter  is  connected  between  Y  and  Z. 

Vy-  Vz 

T  r  .  f  2  k\  (  4k 

=  VQ  sin  I  cot  +  —  \-  V0  sin  I  cot  +  — 


=  Fn 


.  f  2k).(  4k 

sin  cot-\ - -sm  cot-i - 

V  3  )  \  3 


=  V3  F0  cos  cot 

Maximum  value  of  VYZ  =  v/3  F0 
V3F0 


.'.  rms  value  of  VY/  = 

\2 


which  is  the  same 


as  the  rms  value  of  Vxy.  So  option  (a)  is  incorrect 
and  option  (d)  is  correct.  Hence  the  correct  options 
are  (b)  and  (d). 

13.  Refer  to  the  following  figure. 


Option  (a):  The  rod  rotates  about  an  axis  passing 
through  B  and  perpendicular  to  the  plane  of  the 
page.  Hence  point  A  describes  a  circular  trajectory. 
So  option  (a)  is  incorrect. 


Option  (b):  At  any  instant  of  time,  the  magnitude 
of  the  torque  about  B  =  mg  x  BD  =  mg  B  <  sin  0 
f  mgL 


V  2 


sin  0 


This  is  so  because  the  entire  mass  m  of  the  rod 
can  be  assumed  to  be  acting  at  its  centre  of 

AB  L 

mass  C.  Since  the  rod  is  uniform,  BC  =  - —  =  — . 

2  2 


So  option  (b)  is  correct. 

Option  (c):  Since  there  is  no  external  horizontal 
force  and  the  initial  velocity  of  the  rod  is  zero,  the 
centre  of  mass  will  move  vertically  downwards. 
So  option  (c)  is  correct. 

Option  (d):  Initial  y-coordinate  of  the  centre  of 
mass  =  — .  When  the  rod  subtends  an  angle  9 


with  the  vertical,  the  v-coordinate  =  —  cos0.  Shift 

2 

in  the  mid-point  =  —  -  —  cos  9  =  —(1  -  cos0). 
2  2  2 


So  option  (d)  is  correct.  Thus  the  correct  options 
are  (b),  (c)  and  (d). 
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Option  (a):  If  the  force  Fx  is  applied  at  S  as 
shown  in  Fig.  1,  torque  of  Fx  about  Q  =  FjR 
(anticlockwise).  Torque  of  Mg  about  Q  =  MgR 
(clockwise).  The  net  torque  depends  on  the  mag¬ 
nitudes  of  Fx  and  Mg  is  given  by 

x  =  FXR-  MgR  =  {F \  -  Mg)  R 
If  Fx  >  Mg,  x  ^  0  and  the  wheel  will  climb  the 
step.  So  option  (a)  is  incorrect. 

Option  (b):  If  the  force  F2  is  applied  normal  to 
point  P  as  shown  in  Fig.  2,  then  F2  balances  with 
normal  reaction  N2  of  the  wall  at  Q  and  force  Mg 
balances  with  the  normal  reaction  Nx  of  the  base 
of  the  step  as  shown. 

Hence  no  net  force  acts  on  the  wheel  and  x  =  0. 
So  option  (b)  is  correct. 

Option  (c):  If  force  F3  is  applied  at  X  as  shown 
in  Fig.  3,  the  torque  due  to  F2  about  Q  =  F2QT 
(clockwise).  The  torque  due  to  Mg  about  Q  =  MgR 
(anticlockwise).  The  net  torque  on  the  wheel  is 
X  =  F2QT  -  MgR 


If  F2QT  >  MgR,  a  net  clockwise  torque  acts  on 
the  wheel,  as  a  result  the  wheel  begins  to  climb  up 
the  step.  As  it  climbs  QT  increases.  Hence  x  does 
not  remain  constant.  So  option  (c)  is  incorrect. 
Option  (d):  If  the  force  F4  is  applied  tangentially 
at  P,  as  shown  in  Fig.  4,  the  normal  reaction  at  Q 
will  be  absent.  Hence  the  frictional  force  is  zero. 
As  a  result  the  wheel  will  start  slipping  as  it  rises 
up  the  step.  It  is  given  that  there  is  no  slipping, 
the  wheel  will  rise  up  causing  point  Q  to  come 
down  as  shown  in  the  figure. 


Fa 


Torque  due  to  F A  about  Q  =  FA  x  2  R  cos#  (clock¬ 
wise) 

Torque  due  to  Mg  about  Q  =  Mg  x  R  cos0  (anti¬ 
clockwise) 

Net  clockwise  torque 

=  Fa  x  2R  cos  9  -  Mg  x  R  cos  9  (clockwise) 

=  (2  FaR  -  MgR)  cos 61. 

Initially  9  =  0.  As  the  wheel  rises  9  increase  from 
K 

zero  to  — .  Hence  cos0  decreases  from  1  to  zero. 
2 

So  option  (d)  is  correct.  Thus  the  correct  options 
are  (b)  and  (d). 

15.  At  time  T  >  RC,  the  capacitor  is  fully  charged 
to  the  voltage  of  the  battery  (here  RC  is  the  time 
constant  of  the  RC  circuit). 

When  the  voltage  is  Vx  —  ,  the  charge  supplied 

CVn 

by  the  battery  is  Qx  =  CVX  = 

2kn 

When  the  voltage  is  increased  to  V2  =  ,  the 

additional  charge  supplied  by  the  battery  is 


2Vn 


.2F„  _  CV„ 


&  '  C  l  3  J  ^  3  ‘  • 

When  the  voltage  is  increased  to  V,  =  v0,  the 
additional  charge  supplied  by  the  battery  is 
n  _  r,r/  2 CV0  CV0 

03-CFo-— =_ 

Total  energy  stored  in  the  capacitor  is 

E=  \qxVx  +  i<22  V2  +  ~  Qi Vj 


l(cv0 


Vn 


+  — 


1  (  CVr 


2Vr 


0 


X - ^  +  — 

3  2 


=  ±CV02+^CV02+±CV02 

=  -CV02 
3  0 

Since  the  final  voltage  is  V0,  final  charge  on  the 
capacitor  is  Q  =  CV()  and  the  final  energy  stored 
in  the  capacitor  is 

E'=  —  CVr?' 


Fig.  4 
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Energy  dissipated  through  the  resistor  is 
Ed=E'  E 

=  x-cv2 -x-cv2  =  x-cv2 

So  the  correct  option  is  (d). 

16.  In  this  case,  the  charge  supplied  by  the  battery  is 
0o  =  CV0 

Energy  supplied  by  battery  =  Q0V0  =  CF02 
Energy  stored  in  the  capacitor  is 

Ec=  \<Q,vl=\cvZ 

Energy  dissipated  through  the  resistor  is 

ed=cv2-x-cv2  =  x-cv2 

Ec  =  Ed.  So  in  this  case  the  correct  option 
is  (c). 

17.  Refer  to  the  following  figure. 


Let  the  angular  speeds  of  the  smaller  and  larger 
rings  be  a>]  and  co2  respectively.  Let  v  be  the 
linear  speed  of  the  centre  C  of  the  larger  ring. 
The  centre  of  the  larger  ring  moves  in  a  circle  of 
radius  ( R  -  r).  So 

v  =  (R  -  r)co2  ...(1) 

Since  there  is  no  slipping  at  the  point  of  contact, 
r©j  =  Rco2  -  v  ...(2) 

Using  (1)  in  (2),  we  have 

r(0\  =  Roh  (R  r  )  (02  =  ra>2 
=>  col  =  co2  =  co0 

Normal  reaction  at  the  point  of  contact  is  given  by 
N=  Mac  =  Mco02  ( R  -  r) 

For  translational  equilibrium  in  the  vertical 
direction, 

Mg  =  juN  =  liMq)1  (R  -  r) 

r~g 

=>  co0  =  - ,  which  is  option  (b). 

W(R-r) 


1  2  1 

18.  The  total  kinetic  energy  =  —  Mvcm  +— Icm 


co  „ 


=  ~  Mcol(R  -  rf  +  MR2)(ol 


So  no  option  is  correct. 
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